ABSTRACT

LAVOIE, REBECCA ASHTON BRADLEY. Capture of Chinese Hamster Ovary Host Cell
Proteins from Therapeutic Monoclonal Antibody Production Harvest by Mizede Synthetic
Ligands.(Under the direction dDr. Stefano Menegatti aridr. Ruben G. Carbongll

The removal of host cell proteins (HCPspresents a significant challenge in
biomanufacturing, given their diversity in composition, structure, and abundance, and their
potential structural homology with the target product. Traditional approaches tcledz&nce
rely on affinity-based produatapture in bineandelute mode and adsorption of HCPs in flow
through polishing steps. This approach has been extensively utilized in the manufacturing of
monoclonal antibodies (mAb) for decades, relying on Pr&eandion exchange or mixed
mode chromatgraphy for product capture and polishing, respectively. Recent studies, however,
have highlighted the presence of HAprobl ematic
product produce toxic metaboliteBave high isk ofimmunogenidy, or co-elute with he mAb
product from Protein A and are not efficiently removed by commercial polishing media. To
ensure the clearance of these Aprobl ematic HC
peptides as novel mixeadode ligands that secure higher HEIRaramein mAb polishing, or
alternatively enable mAb purification through a sequence of-fltomugh steps. The HGP
binding lead tetrameric and hexameric peptides were grouped into two categories, (i)
hydrophobic/positiely charged sequences and ffililtipolar sequencesThey were then
conjugated on chromatographic resins to be evaluated in terms of HCP clearance and mAb yield,
using an industrial Igproducing CHO harvest as model flundboth static and dynamic
binding mode To gather detailed knowledge thre clearancef individual HCPs, the flow
through fractions were subjected to proteomic analysis by mass spectrometry. In terms of global

HCP clearancewe observed equivalent or higher binding of HCPs with minig@lbinding,



compared to commercial pshing media. Notably, the proteomic analysis showed effective
capture of fAproblematic HCPso6, including thos
media. Collectively, these results indicate that our mixede peptides show great promise
towardsdeveloping nexgeneratioradsorbent$or safer andnorecosteffective mAb

manufacturing.



© Copyright 209 Rebecca Ashton Bradley Lavoie
All Rights Reserved



Capture of Chinese Hamster Ovary Host Celkélns from Therapeuti®onoclonal Antibody
Production Harvest by Mixelode Synthetic Ligands

by
RebeccaAshton Bradley Lavoie

A dissertatiorsubmitted to the Graduate Faculty of
North Carolina State University
in partial fulfillment of the
requirenents for thedegree of
Doctor of Philosophy

ChemicalEngineering

Raleigh, North Carolina
2019

APPROVED BY.

Dr. Ruben G. Carbonell Dr. Stefano Menegatti
CommitteeCo-Chair CommitteeCo-Chair

Dr. Gary Gilleskie Dr. Adriana San Miguel



DEDICATION

To my husband, Joe, who travelled with me and supported me through all the highs and
lows of this journey.

To my parents, Vic and Jill, who will forever be an inspiration, and who taught me the
value of hard work and resiliency.

To my sisters, Randi, Aks, and Courtney, who help me keep my feet firmly rooted on

the ground.



BIOGRAPHY

Ashton Bradley Lavoierg@w was born in Richmond, VA to Victor Bradley, a serviceman
in the Army and then Army National Guard, and Jillaine Bradley, an artistic sading coach.
She grew up with her three sisters, Randi, Alexis, and Courtney, in Midlothian, VA. After her
faher 6s retirement from military service, she
Shrewsbury High School, in Shrewsbury, MA in 2004. 8ttended Northeastern University in
Boston, MA, where she participated in theamprogram, gaining expenee at Rohm and Haas
Electronic Materials, Genzyme Corporation, and Natick Soldier Research, Development, and
Engineering Center (NSRDEC) as a cheshengineeringo-op. After graduating with a B. Sc.
in Chemical Engineering in 2009, she went on to werk 8ioprocess Engineer in Upstream
Process Development at Merrimack Pharmaceuticals in Cambridge, MA. Alteateng to
Raleigh, NC in 2012, sheined Biogen Idec as a scientist in Technology Transfer in the Cell
Culture Development group, and theraadResearcher in Cell Isolation at Humacyte, Inc. She
began her graduate career in Chemical and Biomolecular Engineering at NCSU in the fall 2014,
and soon after joined the Carbonell and Menegatti labs. Her graduate career focused on process
innovation inprotein purification techniques used in large scale biomanufacturing. During her
time at NCSU, she also served as an instructor at the Biomanufgcluaining and Education
Center. She further was selected as a finalist for the MilliporeSigma Life Sdevards in
Bioseparations in 2018ler graduate research focused on the development of synthetic
multimodal ligands for applications in biosepavas. Postgraduation, Ashton is pursuing

development of new gene therapy production processes at BridgeBio.



ACKNOWLEDGMENTS

This work was funded by the following organizations:
1 Kenan Institute for Engineering, Technology, and Science
1 National Science Fawation Major Instrumentation Research Program (DBI
0619250 and DBL126244)
1 National Institute for Innovatn in Manufacturing Biopharmaceuticals
( Identification, Characterization and Removal of H@sll Proteins (HCP) in Chinese
Hamster Ovary (CHO) Martlonal Antibody Biomanufacturing Proces3es
| have been so fortunate to have the opportunity to work mwthadvisors, Dr. Stefano
Menegatti and Dr. Ruben Carbonell. Dr. Menegatti has been incredibly involved and invested in
my research every step of tiway. With his enthusiasm about the work, he keeps everyone around
him motivated to make progress. Dr.Cartb®| | 6 s ext ensi ve knowl edge a
boon for making advances in this work. I can
incredibly grateful for his guidance.
| would further like to acknowledge all of my group members in the Mehegad
Carbonell labs, who have provided limitless support over the yeagrarticular, none of this work
would be possible without the stellarntobutions of the undergraduate researchers, Eduardo
Barbieri, Alice di Fazio, Caleb Nuun, and Sarah Miekslin addition to visiting scholars Jacopo
Lembo and Annalisa Barozzi in execution of the experimental work for this projedilliam
Kish wasamazingly helpful as a mentor during my transition into academic research. He showed
me the ropes in pepedsynthesis work that became crucial to my research. His cheerfulness was
infectious, and created a very positive environment to work in. JohniSlehwas equally helpful

in developing the synthesis and coupling work in this dissertation, and was alegsto talk

iv



chemistry or walk through a new procedure. Dr. Amith Naik was invaluable early in my career in
the Carbonell/Menegatti lab, helping training me on new procedures and helping me to
troubleshoot when | ran into issues. While Dr. Rudra Mujde joined the lab later in my
academic career, he was always a friend and mentor through the process of completing my doctoral
research. | wouldalso like to acknowledge Kevin Day and Raphael Prodromou, who were
instrumental in the development of highrroughput solid phase screening metho@sr
collaborators in the San Miguel Lab, Dr. Adriana San Miguel, Sahand Sdwari, and
Mohammad Omarywere brilliant and amazingly helpful in the development of the microfluidic
device for library sortingln addition to the lab members, | would further like to thank our
collaborators at Prometic Life Sciences, particularly Sam Sarakbi. Sam is onemafsthieelpful
and kind people I 6ve ever come acrosstiensid dese
Dr. Yong Yow was instrumental in outfitting the lab for new work throughout my time at NCSU
and happy to talk about what happens next. DridRaGurgel can always put a smile on your face
and is always willing to lend a hand in difficult situason

Collaborators at the Biomanufacturing Training and Education Center were crucial in the
progress of this work from providing materials and labany resources to providing input in the
project direction. Dr. Sarwat Khattak, Dr. Laurie Overton, andsGhummings were essential in
providing null cell culture harvest for preliminary studies. | will be forever grateful to Dr. Gary
Gilleskie, a BTEC collaborator and member of my committee, for all his mentorship,
encouragement, and support both in my dtatien work and in other academic and industry
pursuits. Dr. Gilleskie provided innumerable opportunities for me, from invitations to share my
work at the Biomanufacturing and Process Development Facility of the Future Symposium and at

BTEC, to inviting ne as an instructor for industry short courses. Additionally, all of the discussions



and support from Dr. Michael Flickinger, a prior committee manteéore his retirement, was
much appreciated.

All the proteomic analysis presented here would not be lgessiithout Dr. Kevin
Blackburn, Dr. Michael Goshe, and Dipti Paudel in the Department of Structural and Molecular
Biochemistry. | am forever indedd to Dr. Blackburn, who put in so much time and patience to
teach me the fundamentals and practical appdicaf mass spectrometry, and to work with me
to complete our resear ch goal BlolecularéEducatiom,r t her
Technology ad Research Innovation Center (METRI@articularly Dr. Taufika Islam Williams,
for their diligent work inproviding proteomic analysis after the transition of this instrumentation
to the METRIC facility.

Additionally, | would like to acknowledge the sugp of our collaborators at Fuijifilm
Diosynth for donation of cell culture harvest that was crucial tonhi&. In particular, Dr. Kelly
Thom, Dr. Tim Hill, and Joshua Souther were amazingly generous with their time and feedback
on our work.

| would notbe where | am today without the unwavering support of mentors during my
early career. Dr. Ramanathan Nagamaencouraged me early on to pursue a graduate degree in
chemical engineering and inspired me to overcome my doubts that | was smart enoughgto belo
there. My colleague during my time at Merrimack, Matt Walldespeen supportive throughout
my career- providing references for admission to graduate school, feedback, contacts for
collaborations, and just lending an ear.

My friends and family have provided such a wonderful support system during this
experience. My parents are without a doubt major carttsils to where | am today. They always

put us first and inspire me to be as generous as they are. My sisters havechlegs my

Vi



successes and provided so much advice, much needed comic relief, and consolation through all
the challenges. Finally, my Blband Joe has all of my gratitude for his calming influence, humor,

brilliance, and attentiveness.

Vil



LIST OF TABLES ...ttt eeei ettt ettt e e e eeme ettt e e e e e e e e e e e e e e s e s s s snmmne e e e e e e e s annnns Xiii
LIST OF FIGURES ..o oo oo eeee ettt eens ettt e e e e e e e e s emmsaeeaaaaeaeeeas XVi
CHAPTER 1. INTRODUCTION ...iiiiiiiiiiiiiiiieee et nees s 1
CHAPTER 2. CHARACTERIZATION OF MAB PRODUCTION HARVEST HCP

IMPURITIES AND EXISTING TOOLS TO REMOVE THEM  .....ccccccvviiinennn. 6.
2.1 100 (5o 1o o USSR 6
2.2 RESUIS A0 DISCUSSION......uutuiiiiiiiiieee e e e e ceeresas e e e e e e e e e e e e e e eeeareeeaeeeeeeeeeeeeeeesssssnnnnns 8
2.2.1 Characterization of HCP Profile in Null CHS Simulated Production

HaAIV ST e e e e et e e 8.
2.2.2 Qualitative Bound Protein Angdis of HCPs byAdsorptive Depth

11 o] o 13
2.2.3 SemiQuantitative Anal ysi s of AProbl

Adsorptive Depth FilterS.........cooooiiiiiiiieeeee e 16
224 Total Protein Binding by Commercial Resins in Static Binding Mode.............. 20
2.2.5 Bound Protein ANAIYSIS...........ovuuiiiiiiiii i e e emrs e e e e e e e e e eees 24
2.2.6 SemiQuantitatv e Anal ysi s of AProbl emati co

Exchange and Multimodal Chromatography ReSinS...............oevvvviieecviveieeennen. 29
2.2.7 Gap Analysis of HCP Species with Minimal Removal by Tested

Chromatography APPrOaChES........coooiiiiiiiieeee e 37
2.3 (@0] o Tod 1153 0] o 1< USRS 40
2.3.1 Y= U= = OSSP 41
2.3.2 METNOAS. ... .o s e e e e e e e e e e e e e ennne e e e e e e e e eeeeeenens 41
2.3.2.1 HCP Clearance by Adsorptive Depth Filtratian.............ccccccoovvvccceeeennnnn 41
2.3.2.2  Static Binding of HCP by Commercial lon Exchange and Multimodal

[T = g T SO PP OPPPPPPPPPPPPPR 42
2.3.2.3 Host Cell Protein BullCharacterization................coooueeiiiiceee e eeeeeiiiiiiieennn 42
2.3.2.4  ProteomiC ANAlYSIS........oiiiiiiiiiiii i cceeer e erren e e A3

TABLE OF CONTENT S

CHAPTER 3. DEVELOPMENT OF MULTIPLEXED FLUORESCENT

3.1
3.1.1

SCREENING TOOLS TO [IDENTIFY PEPTIDE LIGAND

CANDIDATES FOR HCP BINDING ....cccoviiiiiiieiiieiiii e AT
g1t e o [8oxi o] o PP TP PP PP P R USUTPPPPPPPP 47
Manual Mutiplexed Fluorescence SCreening..........cooeveveiiiiiccceeeee e 50

viii

emat i

HCPs



3.1.2 Multiplexed Fluorescence Screening by Microfluidic B&amtting

L F= U1 {0 o SRS RRRRR 55
3.1.2.1  ReSUltS aNnd DiSCUSSION........ccciuiuiiiiiitiiireeiiiiieibiieeeeeeeeeeeeseeessssseeereeaaaaaaaeeeeeeens 55
3.1.2.1.1 Diverse Fluorescence Patterns for Protein Binding Detectian......................... 55
3.1.2.1.2 Flexible Automated Detection, Analysis, and Sorting of Beads........................ 96
3.1.2.1.3 Sorting and Detection ValidatiQn.................ooevviiimemreeeeeieieeeeeeemme e 59
3.1.2.1.3.1Sorting Beads with Homogeus Fluorescence Patterns............ccccceeeevieeeevnnnnns 60
3.1213S0rti ng Be a-lise FluorescenceiPEAtBeN. 0..0.........cccvvvviimeeniiinnnnn 61
3.1.2.2  CONCIUSIONS ...uttiiiiiiiiieiieiitee e s eeeett ettt ettt e e e e e e e e e e e s s st e e e e e e e e e e e e e s e s s s s mnne e e e e s e aanns 66
3.1.2.3  MELNOAS. ....uiiiiiiiiiiiiiiiice e 67
3.1.2.3.1 DevVice FabriCatiOn........cccoeiiiiiieiieeiieeee e ennee 67
3.12.3.2 Preparation of Fluorescéyt_abeled Beads.................ovvvviiiiicrevieiiiiiicccee e, 68
3.1.2.3.3 EXPEerimental SEUUP.... ... iiiii i i eeeeie e ee e eeeeee e e e e e e e e eeeer e mmne 69
3.1.2.3.4 IMAQGE PrOCESSING ... uuuuuuriuiireiiiiiitiaaesseeeereeeeeeeeaeaaeeeeessmmmt e e e e e e e e e e e e e s s s s s e e aannnneeeas 70
3.1.3 Multiplexed Fluorescence Screening by ClonePix 2 Colony Sorter................71
3.1.3.1  ReSUItS and DiSCUSSION........ccccuuiiiiiiiiiiinneiiiitrirrieeeeeeeeeeeesssssssseeeereeeeaaaaaaaaaeaens 71
3.1.3.2  Materials @d MEthOUS..........uuuuuiiiiiiie e eeees e e e e e e e e e e e eeeeeaaenee 76
3.13.2. 1 MALEIIAIS. ..o i e ittt e e et erer ettt e e e e e e e e e et e e e e e e e e aaaaas 76
3.1.3.2.2 MELNOAS. ... ettt 77
3.1.3.2.2.1Solid Phase Peptide Synthesis and Deprotection..............oooovviccceeeeeeieieieeeees 77
3.1.3.2.2.Fluorescent Labeling of IgG and CH®HCPS..............uuuiiiiiiiiiieeeiiiiieeeeeeecee 78
3.1.3.2.2.Fluorescence Sceaing of SolidPhase Peptide Libraries Against IgG and

(@4 o [ ST [ P SPSPPP 79
3.2 ACKNOWIEAGEMENLS. ... ..o e e e e e e e e e emenas 80
CHAPTER 4. TARGETED CAPTURE OF CHINESE HA MSTER OVARY HOST

CELL PROTEINS: PEPTIDE LIGAND DISCOVERY ...ccooviiiiiiiiiiiiiiieeen, 81
4.1 1] 0o [1 [ 1o ] o PSR PP SSRPRURRPR 81
4.2 TS U PSPPSR 85
4.2.1 Library Design, Synthesis, and SCre€ning............c.uuviieeiieeereeeieiiiineeeeeeeiiee e 85
4.2.2 Sequencing of HCBInding Ligand Candidates...........cocoovvvviiiiiiccciiie e 87
4.2.3 Sewmndary Screening of HGCBinding Ligand Groups by Static Binding

EVAIUALION......o e s Q0
4.2.4 Resin Targete@iNding .........cccouuiiiiiiiiii e e e a5
4.3 3 o U 7] o] 97
4.4 Materials and MethOdS.........ooooeiiiiiiiiieee e 98



441 Y= U] = SO a8
4.4.2 METNOAS. .. .. e e e e enn e e e e e e 100
4.4.2.1 Solid Phase Peptide Synthesis and Deprotection..............ccovveeeeeveeeeeeenneeeenn. 100
4.4.2.2 CHO-S Culture and Harvest for Host Cell Protein Production........................ 101
4.4.2.3 Fluorescent Labeling of IgG and CH®OHCPS.............coooiiiiiiieeee 102
4.4.2.4 Fluorescent Screening of Solid Ph&sptide Libraries Against IgG and

CHOS HECPS. ittt e e aeer e e e 103
4.4.2.5 Lead Peptide Sequencing by LC/MS/MS.........cooooiiiiiiiiiie e 104
4.4.2.6 Secondary Screening Static Binding Studies.............cccoeiiiiiccmeveeniiiiiiieeeeennn 106
4.4.2.7 Quantification of Total Protein, Host Cell Protein, and IgG Remavai............. 107
CHAPTER 5. HCP DEPLETION IN STATIC BINDING MODE USING PEPTIDE

RESINS BY PROTEOMIC ANALY SIS 109
5.1 0T[5 ox 1o IR 109
5.2 RESUILS. ...ttt 112
5.2.1 HCP Distributon in Load Material............cceeiiiiiiiiiiiieeeiiiiiceeeeeeeeeeeeeeeesmene e 112
5.2.2 ANalysis of HCP BiNdiNG........coooiiiiiiiieeee e e 115
5.2.2.1  Profile of Bound Proteins vs. pH of the Binding Buffer..............cccccovieeeenn. 118
5.2.2.2  Profile of Bound Proteins vs. lonic Strength of the Binding Buffer................ 123
5.2.2.3 Profile of Bound Proteins by Peptibased Resins vs. Commercial

RSN, .ttt ere— et e e e e e e e e e e e e e e e e e aaamn— e e e e e e e e e e e 126
5.2.3 SemiQuantiat i ve Evaluation of the Binding

Peptide Resins vs. Benchmark RESINS............uuuiiiiiiiieeeiiiiiieiieeeee e 130
5.3 (@] 0 o1 11153 o F-J PP 141
54 Materials and MethOdS. .........cooe i 142
54.1 IMALEITAIS. ...ttt e e e et et e eee e e e e e e e e e e e e eeeeeesaeen s mmmreeeeeeennnnnes 142
5.4.2 Toyopearl Peptide Resin Synthesis and Deprotection................oeeeeeeeeeceennnnn. 143
543 Static Binding of HCPs to Peptide and Control Resins.............cccccvvieeeniinnne 144
544 Prote@0OmMIC ANAISIS. ......ooiiiiiiii ittt e e e 144
545 Relative Quantification of Individual HCPs and Bound Protein Analysis....... 146
CHAPTER 6. RESIN PERFORMANCE IN DYNAMIC BINDI NG MODE .................... 148
6.1 INETOTUCTION.....cee et e e e e e e e eennn e e e as 148
6.2 RESUItS ANd DISCUSSION. ......uuiuiiiiieie ettt ne e e e e e e e e e e eeeeeeeeens 151
6.2.1 HCP-Selective Peptide Resins in Dynamic Binding Mode..................cccoeeee.. 151
6.2.1 Binding of mAb and mAb Product Yield...........c.ooiiiiiiiieie 154



6.2.2 Clearance of High and Low ®Mecular Weight Impurities by HCGP

Selective Peptide RESINS.........uuiiiiiiiiiiiii e 156
6.3 Conclusions and FUtUre WOTIK.........cooouuiiiiiiiiiieeeniiieiee e eneees e 163
6.4 Materials and MethOdS. ........euuiiiiiiiii e 164
6.4.1 IMALEITAIS. ...ttt e e ee e e e e e e e e e et e e et e e e aae b mmme e e e eeeernneees 164
6.4.2 Y11 Lo o £ PPEEP RSP PPPPRPTR 165
6.4.2.1 Solid Phase Peptide Synthesisl&@ide Chain Deprotection...............cccevvvvveeee. 165
6.4.2.2 Peptide Resin Binding in Dynamic Binding Mode...............coooiiiiienee 167
6.4.2.3 Quantification of mAb by Analytical Btein A Chromatography....................... 168
6.4.2.4 Analysis of Bulk Protein Impurity Capture by Size Exclusion
ChromMatography........uuueeeeeeiiiiiii et 169
CHAPTER 7. CONCLUSIONS AND RECOMMENDED FUTURE WORK .................. 171
7.1 (@] 3 Tod 118153 [0 o 1= U RRRSSSPTT 171
7.2 Recommended FUtUre WALK............uuuiiiiiiiiiieeeiiiiiicceeeeeeee e 172
7.21 HCP-Selective Peptide Ligands..........ccoooviiiiiiiiieeee e 172
REFERENGCES...... ..ottt ceeeti ettt e et e e e e e e emat e et e e aaaaee e e e e e e e e s s s s sammneaeaeeesaesannnnnnns 175
APPENDICES. . ...ttt eee ettt e et et e e sest e et e et e e aaaaaeaeaeeaeesammraaeeeaeeaeaeaeaanans 195
APPENDIX A. RoteomicCharacterization of CH& Null Clarified Harvest..................... 196
APPENDIX B. MatLab Image Processing for Manual Multiplexddorescence bead
0] 1 1] o TSP P PP PP PPPPPPPRPPPPPP 213
B.1 Extraction and renaming of images from MicroManager Software Expart.....213
B.2 Calculation of Image Parameters and Creation of Radial Fluorescent tintensi
(0 U 214
APPENDIX C. Resin Controls For Synthesized Peptide ResIns.............cccccovcevveevnnnnns 220
APPENDIX D. Tabulated Protein Quantification From Statiecdéng Mode Evaluation of
HCP-Selective peptide ligands............ouvvuiiiiiiiiiceeeeee e 221
APPENDIX E. Tabulated Spectral Abundance Factor and Feed vs. Static Binding
Supernatant ANOVA {VAIUES...........ooi i eeeee e 225
APPENDIX F. KruskalWallis H Test for bound protein isoelectric point as a function of
buffer salt CONCENratioN............ooii i 324
APPENDIX G. Overlapping Bound Protein Analysit NorOptimal Buffer Conditions......325

Xi



APPENDIX H. Analysis of Impurities Binding to 4MP, 6HP, and 6HP+4MP in Dynamic
(=] 0 o [T T 1Y, oo = XSSP 328

xii



Table 2.1
Table 2.2

Table 2.3

Table 2.4

Table 2.5

Table 4.1

Table 5.1

Table 5.1:

Table 5.2:

Table 5.3

Table 5.4:

LIST OF TABLES

Highly Abundant CHGS Harvest Host Cell Proteins..........cccccceveiiiiiiccceeeeenn. 13
Semigquantitative comparison o fthrégughpub bl e mat i
and selected adsorptive depth filter. Mean spectral abundance facoe +

standard deviation (N=3 technical replicates) is reported by filtrate fraction for

both XOHC and 90ZB depth filters. Spectral abundance as a function of fraction

was canp ar ed by ANOVA -y&EOe®5ryepwitéad pas
Comparison pr a | Cemulative SAF, or the average SAF of all four fractions

for one mediumébés filtrate to simulate t he
was calculated and further usedcompare the simulated pooled filtrate for each

filter at 200 L/nf by ANOVA (threet e c hni c a | repl.i.catds, U=0.
KruskalWallis H test for changes in physichiemical property digbution as a

function of resin at 10 mg/mL load..........cccoooeeiiiiiiiiceeii e 26
Semiguantitative comparison of AProbl emat.i
load andselected commercial chromatography resin. Mgagctral abundance

factor + one standard deviation (N=3 technical replicates) is reported by load for

the six chromatography resins tested (Capto Adhere, Capto Q, Capto DEAE,

Capto MMC, Capto S, and CM Sephsed. Spectral abundance as a function of

loadwas compared by ANOVA (U=0.05) for the
and for the same load with variable resin, wit @l ues reported as
Comparisongy al ue 6 and fi Revsailnu e®o mpraersipseocdlipvel y.
Non-bound HCP species pestatic binding to traditional ion exchange resins

(Capto Q, Capto DEAE, Capto S, or CM 8epse) or adsorptive depth filtration

(3M Cuno Zeta Plus 90ZB or MilliporeSigma XOHC).........ccooeeviniiiiiiiccceeeenn. 38

Lead HCPbinding peptide candates. The sequences specified here were
determined via comparison of LC/MS/MS spectra to a FASTA sequence library

of all possible peptide sequences in the combinatoriabrib from the

combinatorial library beads that were identified as H©Bitive and ¢G-

negative solid phase fluorescent screening Studies...........cccceeveeiieeevvvnnnnnnnnn. 88

Percent bound mAb and HCP in addition ésin selectivity by resin and buffer

condition at 5 mg HCP/mL resin load. This table is adapted from Latcab

120 1R T = o] = = PSPPI 117
KruskalWallis H test for bound protein isoeldactpoint as a function of buffer

pH using JMP Pro 14. The distribution of isoelectric points for each unique bound

protein were plotted by frequencyisbelectric point but are not weighted based

(o] =1 18] o F= U p Lo = U 122
KruskalWallis H test for bound proteiisoelectric point as a function of buffer

pH using JMP Pro 14. The distribution of isoelectric points for each unique bound

protein were plotted by frequency of isoelectric pointdretnot weighted based

(o] =1 18] o F= T Lo = SO 125
Problematic HCPs at pH 6, 150 mM by bound novel peptide resins that do not
(o] 110 [ @1 o] (0 X © TP U PP PP PP PP 130

Tabulated spectral abundance factor and ANOVA of CHO problematic HCPs by

Capto Q, Capto Adhere, and H®IMding peptide resins at pH 7, 20 mM sodium

chloride. Mean and standard deioat of spectral abundance factor (N=3) are
Xiii



Table 5.5:

Table 6.1

Table 6.2

Table A.1:

Table D.1

Table E.1:

Table E.2

Table E.3

reportedfor each species. Calculated/plues for ANOVA comparisons of each
peptide resin compared to both benchmark resins (Capto Q and Capto Adhere)
are provided. Species identified by shotgun proteomics snvtbrk identified as
Aiprobl emat i c atBpr&Ee*Ph...pr.i.or...a..... 133
Tabulated spectral abundance factor and ANOVA of CHO problematic HCPs by
Capto Q, Capto Adhere, and H®Ihding peptide resins at pH 6, 150 mM sodium
chloride. Mean and standard deviation of spectral abundance factor (N=3) are
reported for each species.|@dated pvalues for ANOVA comparisons of each
peptide resin compared to both benchmark resins (Capto Q and Capto Adhere)
are provided. Species id#red by shotgun proteomics in this work identified as
iprobl emat i co BHEER 4§, . pr.i.or...ar.t..137
Dynamic binding experimental matrix for evaluation of H&#etive peptide

resins 4MP, 6HP, and 6HP+AMP.............cccuiiiiiiieeeiie e 168
HPLC Gradient for mAb Quantification by Analytical Protein A
Chromatography........coooiviiiiiii e e e e e e e e e e e e aeee s 169

Identification and relative quantification of host cell proteins from C&@ull

cell culture harvest provided by BTEC by shotgun proteomic analysis as
described IN ChaPLEE 2u.......oooii i 196
Tabulated protein removal by resin and buffer condition. Total protein (TP), host
cell protein (HCP), and monoclonal antibody (mAb) mass was calculated from
the Bradford total protein determination, HCP ELISA, and EasyTiter Assay (see
Materials &ad Methods section), multiplied by the total volume loaded for the load
condition, and cumulativliow-through and wash volume collected pstitic
binding study. Total protein, host cell protein, and mAb removed was calculated
as described in Equation14.The resin HCP targeted binding ratio (TBR) was
calculated as described in EQUALION 4.2.............uuuuiiiiiiieeeiiiiiiiiieieeeeee e e 221
Calculated mean and standard deviation (N=3) of spectral abundance factor
(SAF) and pvalue from ANOVA comparison to feegbsctral abundance factor

by host cell protein species and resin pH 6, 20 mM NaCl Theoretical
molecular weight (MW) and isoelectric point (pl) calculated based on amino acid
sequence is tabulated based on the EXPASypDtsrMW/pl (Swiss Institute of
Bioinformatics), in addition to the calculated grand average of hydropathy
(GRAVY) %, as calculated by the Fuchs GRAVY Calculator (Fuchs).......... 225
Calculatel mean and standard deviation (N=3) of spectral abundance factor
(SAF) and pvalue from ANOVA comparison to feed spectral abundance factor
by host cell protein species and resin at pH 7, 20 mM NaCl. Theoretical molecular
weight (MW) and isoelectric poinpl) calculated based on amino acid sequence
is tabulated based on the ExPASy Compute MW/pl (Swiss Institute of
Bioinformatics), in additionto the calculated grand average of hydropathy
(GRAVY) %, as calculated by the Fuchs GRAVY Calculator (Fuchs).......... 242
Calculaed mean and standard deviation (N=3) of spectral abundance factor
(SAF) and pvalue from ANOVA comparison to feed spectral abundance factor
by host cell protein species and resit pH 8, 20 mM NaCl Theoretical
molecular weight (MW) and isoelectric poiipti) calculated based on amino acid
sequence is tabulated based on the ExPASy Compute Ripaddition to the

Xiv



Table E.4

Table E.5

Table E.6

Table F.I:

Table H.1;

Table H.2:

Table H.3;

calculated grand average of hydropathy (GRAYYas calculatethy the Fuchs
GRAVY CalCUIAOPS. .......oeivieceiecieccee ettt emeae et ete e ereas 258
Calculated mean and standard deviation (N=3) of spectral abundance factor
(SAF) and pvalue from ANOVA comparison to feed spectral abundancerfacto
by host cell protein species and resinpH 6, 150 mM NaCl Theoretical
molecular weight (MW) and isoelettpoint (pl) calculated based on amino acid
sequence is tabulated based on the ExPASy Compute RRpaddition to the
calculated grand averagf hydropathy (GRAVYY, as calculated by the Fuchs
GRAVY CalCUIAtOPS. .......oooviiveeeieiecie ettt eeemte et eae e eae e 275
Calculated mean and standard deviation (N=3) of spectral abundance factor
(SAF) and pvalue from ANOVA conparison to feed spectral abundance factor
by host cell protein species and resin at pH 7, 150 mM NaCl. Theoretical
molecular weight (MW) and isoelectric point (pl) calculated based on amino acid
sequence is tabulated based on the ExPASy Compute RANHrddition to the
calculated grand average ofdmgpathy (GRAVY?YC, as calculated by the Fuchs
GRAVY CalCUIAOPS. ..o ceeee ettt emnse e steeete e eneeereas 292
Calculated mean and standard deviation (N=3mdctral abundanctactor
(SAF) and pvalue from ANOVA comparison to feed spectral abundance factor
by host cell protein species and resin at pH 8, 150 mM NaCl. Theoretical
molecular weight (MW) and isoelectric point (pl) calculated based on amino acid
seauience is tabulatdoiased on the ExPASYy Compute MWfpin addition to the
calculated grand average of hydropathy (GRAVY s calculated by the Fuchs
GRAVY CalCUIALOPS. ......c.veiveiveeeieiecee ettt eeemte et eaeereeae s 309
KruskalWallis H test forbound protein isoelectric point as a function of buffer
pH using JMP Pro 14. The distribution of isoelectric points for each unique bound
protein were plotted by frequencyiebelectric point, but are not weighted based
ON ADUNAANCE. ... ..iiiiiiiiiii e 324
Tabulated mAb concentration, yield, and SEGults for 4AMP dynamic binding
characterization with direct application of cell culture harvest titrated to pH328.
Tabulated mAb concentration, yield, and SEC results for 6HP dynamic binding
characterization with direct application of cell culture harvest titrated to pH330.
Tabulated mAb concentration, yield, and SEC results for 6HP+4MP dynamic
binding characterization with direct application of cell culture harvest titrated to
PH 6.0 oo ee e et ar e e e e e e e e e e aan—atataaaaaaaaaans 332

XV



LIST OF FIGURES

Figure 2.1 Host cell protein profile by pl, GRAVY, MW, and estimated concentration. Each
point represents a uniquyarotein identified by LEMS/MS in the clarified,
concentrated cell culture harvest, based tbe proteirsequencalerived
isolelectric point and GRAVY. The color of each data point represents the
proteinds mol ecul ar wei g the HCR profie. Thee spect 1
data point size designates the abundance of each protein speciesobased
estimated protein concentration by IMIS/MS nonlabeled quantification............ 9

Figure 2.2 Protein molar frequency by characterization meffite histograms presented
here show the mole fractiasf HCP as a function of (a) theoretical isoelectric
point, (b) grand average of hydropathy (GRAVY) fnolecular weight, and (d)
approximate concentration as calculated by iIBAQ.......ccccoveeeeiiiiiieeeiiieeeeeee, 10

Figure 2.3 Orthogonal analysis of CH@ null cell culture harvest spiked with polyclonal
human IgG. bimodal distribution of isoelectric points around pH 7 is observed,
with denser populations of proteins in the isoelectric point range < 7 with a large
unresolved bandf IgG at ~7.8 as shown in pan@), and large population of
species with molecular weights < 100 kDa alongside the ~150 kDa IgG. bantl2

Figure 2.4 Total proteinconcentration of CHES null havest filtrate by adsorptive depth
filter and throughput fraction as determined by Bradford total protein assay. The
shaded region shows the harvest total protein concentration within one standard
(0 o= U1 o] o PSR S PPPPPPPPPR 14

Figure 2.5 Overlapping HCPs bound by MilliporeSigma XOHC and 3M Zeta Plus 90ZB
depth filters. Panels (A) and (B) show HCPs removed by XOHC and Bip&1,
respectively, as a function of throughput at 504 (pink), 100 L/n? (green), 150
L/m? (blue), and 200 L/m(orange). Panel C compares bound proteins observed
at any throughput for XOHC (pink) and 90ZB (green). Bound proteins were
determined agproteins that either were identified by LC/MS/MS in the feed but
not in the supernatant salep with wash after static binding with each resin, or
alternatively where the resulting spectral abundance factor was significantly
lower by ANOVA U=0.05)that he feed. The foverlapo, o
species of proteins that were bound at more than one condition are shown in the

overlapping regions of the Venn diagrams..........ccccoooviiiiiiccc s 16
Figure 2.6 Total protein log reduction value by commercial resin and load. Total protein
concentration was determined by Bradford Total Protein Assay.................... 22

Figure 2.7 SDSPAGE analysis of CHES null cell alture harvest spiked with polyclonal
human IgG (lane 2 for each gel) and incubated with commercial ion egehad
multimodal resins commonly used for HCP binding (Capto Adhere, Capto Q,
Capto DEAE, Capto MMC, Capto S, and CM Sepharose) in static bintbag
at 10, 20, and 50 mg HCP loaded/mL resin, shown in lanes 4, 5, and 6,
TESPECTIVEIY.c .ttt 23

Figure 2.8 Overlapping HCPs bound by various ion exchange and multimodal
chromatography resins. Par{@l) compares the four ion exchange resins in the
study: cation exchange resins Capto S and CM Sepharose and anion exchange
resins Capto Q and Capto DEAE. Panel¢Binpares the anion exchange resins
to the multimodal anion exchange resin Capto AdhereelR&) compares the

XVi



cation exchange resins to the multimodal cation exchange resin Capto MMC.
Bound proteins were determined as proteins that either were ideryied

LC/MS/MS in the feed but not in the supernatant samples with wash after static
binding with each resin, or alternatively where the resulting spectral abundance

factor was significantly lowerby ANOVAJ= 0. 05) than the feed.

or number ® unique species of proteins that were bound at more than one
condition are shown in the overlapping regions of the Venn diagrams.......... 25
Figure 2.9 Isoelectric focusing gel electrophoresis analysis of €H®@ull cell culture
harvest spiked with polyclonal human IgG (lane 2 for each gel) and incubated
with commercial ion exchange and multimodal resins commonly used for HCP
binding (Capto Adhere, CaptQ, Capto DEAE, Capto MMC, Capto S, and CM
Sepharose) in static binding mode at 10, 20, and 50 mg HCP loaded/mL resin,
shown in lanes 4, 5, and 6, respPectiVely..............euuuiviiicccre e e 27
Figure 2.1Q Overlapping HCPsbound by commercial ion exchange and multimodal
chromatography resins at 10 mg/mL (pink), 20 mg/mL (green), and 50 mg/mL
(blue) load. Bound proteins were determined as prstéhat either were
identified by LC/MS/MS in the feed but not in the supernaganiples with wash
after static binding with each resin, or alternatively where the resulting spectral
abundance factor was significantly lower by ANOVIA< 0.05) than the fd.

The fioverl apdo, or number of wunique speci

than one load condition for the range tested (10, 20 and 50 mg/mL resin) are

shown in the overlapping regions of the Venn diagrams..................cuvvueeeeenn.. 29
Figure 3.1 Fluorescence imaging of HWRGWVGSG beads and OPOC peptide library beads

synthesized on HMBA ChemMatrix resin and incubated with AHg&3(green)

and AF596IgG (red). Panels (A), (B), and (C) show tbembinatorial library

imaged at 480 nm Ex/510 nm Em (green), 560 nm Ex/630 nm Em (red), and as

an compiled overlay of both images, respectively. Panels (D), (E), and (F) show

the HWRGWVGSG single ligand imaged &84nm Ex/ 510 nm Em (green), 560

nm Ex/630nm Em (red), and as a compiled overlay of both images, respectively.

Figure 3.2 Fluorescence characteristics of XXXXGSI@&VIBA ChemMatrix OBOC peptide
library incubated with AF59%ICP and AF48-1gG. The maximum fluorescence
for the 480 nm Ex/510 nm Em fluorescence channel (AH483 is plotted
against the 560 nm Ex/630 nm Em (HCP) maximumoriéscence to allow for
selection of beads that bind only HCP (high HCP max fluorescence) and not IgG
(low 1gG max fluorescence). Average fluorescence in each channel was also
indicated, where the size of the bubble indicates the relative average HCP

fluorescence, and the color indicates the average IgG fluorescence............ 53
Figure 3.3 Example radial fluorescent intensity plot foultiplexed fluorescence screening
of OBOC peptide | ibrary beads. A desi

false positivesis shown, where a local maximum occurs dtethe perimeter.....54

Figure 3.4:Various classes of beads with different flourescence profiles. Beads in classes 1
3 exhibit homogeneous fluorescence patterns in green, red, and green/red. Class
4 and 7 were prepadldby adsorbing red and green Streptavidin onto biotin beads
producing broad halo pattern in red and green channel respectively. Cl&sses 4
were prepared by adsorbing f8treptavidinBSA and redStreptavidinrAD onto

XVii

red



biotin beads producg medium and narvo halo pattern respectively. The scale
bar is 200pum. Contrast has bee modified in the Unlabeled class image for
L5112 56
Figure 3.5 Screening process flowchart. Beads #own through the device while the
loading valve is closed and the imaging valve open. Once a bead is detected in
the imaging zone, the imaging valve closes trapping the bead. If the bead is
assessed to be radye, the loading valve will open up antbal the bead to flow
through the negative outlet. If the bead is assessed to be positive, the negative
outlet valve closes and the positive outlet valve opens while the loading valve
opens and allows the beadfkmw through the positive outlet........................... 59
Figure 3.6 Detection and sorting of beads with homogeneous fluorescence patterns. a,c,e)
Dot plot of samples screened with the goal of sorting class 1,2, and 3 beads
respectively. The values for dedsi hyperplanes (lines) were established based
on preliminary data acquired for each class. The purple point in figure (c)
occurred due to having da 1 and class 2 beads entering the imaging zone
together. Both beads were sorted as negative. b,d,f)|B&r gf the platform

performance in sorting class 1,2, and 3 &
known number of positive beads added to thé a s k . APositive Re
represents the true positives cled |l ected
Negativeo are the.beads..s.or.t.ed..i.n6lorrect|

Figure 3.7. Capability of platform in sorting halo fluorescence patterns. a,c) The 3D plot of
samples screened to sort class 6 and 5 beadstigspe The values for decision
hyperplanes (surfaces) were established based dmimaly data acquired for
each class. b,d) the bar plot of the platform performance in sorting class 6 and 5

beads respectively. APosi tiositve eadded o i s
added to the fl ask. APositi velleckhddatr i evedo
the outl et . fFal se Positivedo and AFal se |

e) Unsupervised Hnean clustering of data extracted from images taken from
class 5 and 6 beads. ~30 beads from each class were imaged and procdssed. f)
ground truth labels for points used in the unsuperviseth&an clustering. These
labeled data were used to calculate the accuracy of unsupervised clustering of
data points aquired from class 5 and 6 beads...............cccooeiiiiceciiicciee, 63
Figure 3.8 Microfluidic device for automated screening of bioactive compounds. a)
Schematic of experimental setup. b) Photograph of the microfluidic platéyrm.
Device schematic. &ds enter the device through the bead inlet and are trapped
in the imaging zone by echip valves. Beads are then directed to positive or
negative outlets depending on their fluorescence profile. d) The width and length
of imaging one is 350 um while thbeight is 400 um. The PDMS membrane
separating flow and valve channels is 140 pm. The scale bar is.L.cm........... 68
Figure 3.9 Fluorescence imaging by ClonePix 2 of unbiased coatbrial linear peptide
library on ChemMatrix HMBA resin after incubation with fluorescently tagged
IgG and CHGS HCP. In panel (A) library is imaged with ClonePix 2 FITC filter
to visualize beads bound IgG tagged with AlexaFluor 488, and panel (Bhis
same plate imaged with ClonePix 2 Rhodamine filter to visualize beads bound to
CHO HCP tagged with AlexaFluor 546............cccooveiiiiiiiciie e 73

XViii



Figure 3.1Q Distribution of interior mean intensities for a emeadonecompound
combinatorial peptide library incubated with Alexa Fluor 4@8eled polyclonal
human IgG and Alexa Fluor 548beled CHGS host cellproteins. Panel (A)
shows interior mean fluorescent intensity with the ClonePix 2 FITC filter at 800
ms exposureto detect the labeled 1gG, while Panel (B) shows detected
distribution from the ClonePix 2 Rhodamine filter at 500 ms exposure for HCP
detecton. Interior mean intensities were calculated from imaging data collected
by the ClonePix 2 software for all imafgatures not excluded as irregular by the
software algorithm...........oooeiiiii e e 74

Figure 3.11 IgG Interior Mean Intensity vs. HCP Interior Mean Intensity of limited library
of X1-X2-X3-X4-X5-Xe-G-S-G OBOC peptie library incubated with Alexa Fluor
488labeled polyclonal IgG and Alexa Flub46labeled CHGS clarified harvest
host cell proteins. The pick gates at < 2500 FITC interior mean intensity for IgG
and > 620 Rhodamine interior mean intensity for HCP repeesented by the
green and red reference lines, respectively. The highligbtgdn in the top left
guadrant represents lead HEpecific bead candidates............cccceeeiiiiiiicecennens 76

Figure 4.1 Conceptual diagramd@fp ol y c | o n a |l ébinding redins. &drgeted HEC P
capture is not only possible, but standard practice for HCP quantification using
HCP ELI SA v i-BHCPmotibogies|as degicted dn the left. We propose
the generation of a set of diverse ligarto mimic the broad capture of varied
HCP species with low binding of IgG, as shown on the right, to allow for targeted
capture without the expense and variability introduced by antibadgd ligands.

Figure 4.2 Distribution of amino acid residues for lead tetrameric H@fling peptide
candidates identified via manually sorted sqifthse fluorescent screening by
COMDBINALONIAI PSITION......ceiiiiiiiiiie e e 89

Figure 4.3 Distribution of amino acid residues for lead hexameric H@®ing peptide
candidates identified by CloneP2xsorted soliephase fluorescent screening by
combinatorial POSITION.........uueiiieee e e e e eree e e e e e e e e e e e e Q0

Figure 4.4 Protein removal (N = 3 for each condition) lgxameric hydrophobic positive
and multipolar (6HP and 6MP, respectively) and tetrameric hydrophobic positive
and multipolar (4HP and 4MP, respectively) lead H&xling peptide ligands
coupled to Toyopearl Amin@50M resin in static binding mode, as comguhto
commercial resins Capto Adhere and Capto Q. PanelSFALlindicate total
protein removal as measured using a Bradford assay. PanéB.AiRdicate
CHO-K1 host cell protein remodeas measured using a Cygnus CHO HCP
ELISA, 3G assay kit. Panels AB.3 indicate monoclonal antibody removed as
measured using a Thermo Fisher EasyTiter kit. Each resin was screened in
multiple buffer conditions (A panels = pH 6, 20 mM NaCl; B = pH 7n#a
NaCl; C = pH 8, 20 mM NaCl; D = pH 6, 150 mM NaCl; E = pH 7, 150
NacCl ; F = pH 8, 150 mM NacCl); and for t wc
per mL resin, and 410 .mg..HCP..lL.o.adéxd per |

Figure 4.5 Resin HCP targeted binding ratio (TBR) by resin and buffer condition (N = 3).
Resin HCP TBR is defined as the percent of HCP removed compared to the feed
stream divided by the percent of mAb removed compared ttedaestream in
static bnding mode. In this analysis, HCP TBR > 1 indicates preferential binding

XiX



to HCP as compared to 1gG, and HCP TBR < 1 indicates preferential binding to

Figure 5.1 Bubble plot distributiomf CHO HCP species in mAb production harvest used as
load material by theoretical molecular weight (MW), isoelectric point (pl), Grand
Average of Hydropathy (GRAVY), andalculated percent molar abundance.
Each data point represents a unique protein iflethin the GRAVY values were
determined using the GRAVY Calculator developed by Stephen Fudtikdata
with the exception of GRAVY values were obtained from ThePnoteome
DYoo )Y T (= ST TP TP P RTPRRRPP 114

Figure 5.2 Distribution of CHO HCPs measured in the CHO harvest load material by protein
characteristic: (Atheoretical molecular weight, (B) theoretical isoelectric point,
(C) theoretical grand average of hydropathy (GRAVY), a measure of relative
hydroplobicity, and (D) calculated relative molar abundance....................... 115

Figure 5.3 Overlapping HCPs bound at 20 mM NaCl and 150 mM NacCl by peptded
resins (4HP, 6HP, 4MP, and 6MP) and benchmark resiapt¢3Q and Capto
Adhere) at pH gpink), pH 7 (green), and pH 8 (blue). Bound proteins were
determined as proteins that either were identified by LC/MS/MS in the feed but
not in the supernatant samples with wash after static binding with each resin, or
alternatively where the resulting esgiral abundance factor was significantly
lower by ANOVAU= 0. 05) than the feed. The fove
species of proteins that were bound at more than one pH condition for the range
tested (pH 6, 7, and 8) are shown in the overlappingmegibthe Venn diagrams.

Figure 5.4 Overlapping HCPs bound at pH 6, 7, and 8 by pefiaied resins (4HP, 6HP,
4MP, and 6MP) ath benchmark resins (Capto Q and Capto Adhere) at 20 mM
(pink), 150 mM (green). Bound proteins were determined as psatieat either
were identified by LC/MS/MS in the feed but not in the supernatant samples with
wash after static binding with each resam, alternatively where the resulting
spectral abundance factor was significantly lower by ANOUWA (.05) than the

feed. The fAoverl apd, or number of unique
both salt concentrations (20 mM and 150 mM) for the raegied (pH 6, 7, and
8) are shown in the overlapping regions of the Venn diagrams................... 124

Figure 5.5 Overlapping bound proteins by pela resins at pH 7, 20 mM NaCl. Bound
proteins were determined as proteins that either were identified by LC/MS/MS in
the feed but not in the supernatant samplits wash after static binding with
each resin, or alternatively where the resulting diluidjusted spectral count
was significantly lower by ANOVA= 0.05) than the spectral count in the feed.
Panel (A) compares the number of unique species bound to the novel peptide
resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchmark resin, and panel (B
compares the peptide resins to the Capto Adhere benkhesan...................... 126

Figure 5.6. Overlapping bound proteins by peptide resins atop50 mM NaCl. Bound
proteins were determined as proteins that either were identified by LC/MS/MS in
the feed but noin the supernatant samples with wash after static binding with
each resin, or alternatively where the resulting diluidjusted spectf count
was significantly | ower by ANOVA (U = 0. ¢
Panel (A) compares the numbeafr unique species bound to the novel peptide

XX



resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchmark resin, and panel (B)

compares theeptide resins to the Capto Adhere benchmark resin.............. 128
Figure 6.1 Mean chromatogram (N=3) for 4MP, 6HP, and 6HP+4MP resin flow through
binding at 280 nm absorbance as a function of residenee.tim..................... 153

Figure 6.2 Concentration of mAb in flow through fractions (N=3) by residence time and
HCP-binding resin. The shaded red region indicatesrtean mAb concentration
+ 1 standard deviatioim the titrated cell culture harvest feed......................... 155
Figure 6.3 Cumulative yield of mAb praact (N=3) from flow through binding with HCP
selective resins as a function of resin and residence time: M& calculated

pooled yield does not incorporate any washing of the column..................... 156
Figure 6.4 Example of SEC chromatogram for percent main peak, HMW %, and LMW %
ANAIY SIS, ottt 157

Figure 6.5 High molecular weight percent (HMW %) of main peak from flow through
binding with HCRselective resins as a function of resin and residence tinge. Th
solid blue trend shows the measured HMW% in eaattifsn, while the green
trend shows the calculated cumulative HMW% to simulate the HMW% of a pool
of all fractions. The shaded red region indicates the HMW% to main peak + 1
standard deviation in thergited cell culture harvest feed..............ccccceviieeee. 158

Figure 6.6 Low molecular weight percent (LMW %) of main peak from flow through binding
with HCP-selective resins as a function of resin and residence time. The solid blue
trend shows the measured LMW% in eacicfion, while the green trend shows
the calculated cumulative LMW% to simulate the LMW% of a pool of all
fractions. The shaded red regionirates the LMW% to main peak + 1 standard
deviation in the titrated cell culture harvest feed...........cccooeiiiiiiiccciiiciienennn. 161

Figure 6.7 Cumulative percentysity (N=3) from flow through binding with HGBelective
resins as a function of resin and residence time. The shaded red region indicates
the purity £ 1 standard deviation irethitrated cell culture harvest feed.......... 162

Figure 6.8 Summary contour plot of peptide ligand dynamic binding studies, showing yield
and cumulative mAb purity as a function of resin, residence,tand volume

[Fo=To =T I o TN G 163
Figure 6.9 Calibration curve for mAb quantification by analytical Protein A chromatography
...................................................................................................................... 169

Figure C.1. Headto-head comparison of peptid®upled resins to Toyopearl A&kmino-
650M and Toyopearl HW5F polymethacrylate control resins. A representative
clarified CHOK1 mAb production harest was directly loaded onto the resins at
a |l oad of armsinnwipera-HCP, \gG,mahd total protein bound in the
supernatant were further compared to determine the impact of the peptide
coupling. Using an analysis of variance for each assay astdin of resin type,
a strong correlation between protein binding and the functional group for each of
the resins was found (p < 0.0001, =0.0002, <0.0001 for total protein removal,
HCP removal, and IgG removal, respectively)..........cccooveiviiiiiccciiiiie e 220
Figure G.1 Overlapping bound proteins by peptide resins at pH 6, 20 mM NaCl. Bound
proteins were determined as proteins that either were identified by LRIMiB/
the feed but not in the supernatant samples with wdsh sthtic binding with
each resin, or alternatively where the resulting diluadjusted spectral count
was significantly | ower by ANOVA (U =

XXi



Panel A) compares the number of unique species bound to the nopidige
resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchmark resin, and panel (B)
compares the peptide resins to the Capto Adhere benchmark.resin........... 325
Figure G.2 Overlapping bound proteins Ipeptide resins at pH 8, 20 mM NaCl. Bound
proteins were determined as proteins that either were identified by LC/MS/MS in
the feed bt not in the supernatant samples with wash after static binding with
each resin, or alternatively where the resulting diluadjusted spectral count
was significantly | ower by ANOVA (U
Panel (A) compares theumber of unique species bound to the novel peptide
resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchmark resin, ah@)ane
compares the peptide resins to the Capto Adhere benchmark.resin........... 326
Figure G.3: Overlapping bound proteins by peptide resins at pH 7, 150 mM NaCl. Bound
proteins were determined as protethat either were identified by LC/MS/MS in
the feed but not ithe supernatant samples with wash after static binding with
each resin, or alternatively where the resulting diludjusted spectral count
was significantly | o wtherspebtral coum id Weeed. U
Panel (A) compares the number wfique species bound to the novel peptide
resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchmark resin, and panel (B)
compares the peptide resins to the Capto Adhere benchmark.resin........... 326
Figure G.4: Overlapping bound proteins by peptide resins at pH 8, 150 mM NaCl. Bound
proteins were determined as proteins that either were identified by LC/MS/MS in
the feed but not in the supernataaimples with wash after static binding with
each resin, or tdrnatively where the resulting dilutiaadjusted spectral count
was significantly |l ower by ANOVA (U = 0. ¢
Panel (A) compares the number of unique speotsid to the novel peptide
resins (4HP, 6HP, 4AMP, and 6MP ke Capto Q benchmark resin, and panel (B)
compares the peptide resins to the Capto Adhere benchmark.resin........... 327

1
o
™

1
o
™

XXii



CHAPTER 1. INTRODUCTION

Protein therapeutics represerdracial class of targeted therapies with amazing benefits
for patients that struggle with devastating dise¥éeile the effectiveness of this class of drug is
undeniable, significant challenges are presented in the manufacturing of these important
molecues as a result of nuances in physical and chemical charactetistt present barriers to
the devel opment of highly robust dAplatformo p
applied to any molecule in a subset. While platforms do exist, as deatedswith platform
processes for the production of the ubiqu&anonoclonal antibodymAb) therapies,
development of the manufacturing process still generally requires significant optimization within
the bounds of the platform to achieve the high yield purity. For mAb production, the
established platform®ly onan affinity product capture step for clearance of the large majority
of impuritiesi Protein A chromatography. The traditional Protein Adased purification
platform is verycostlyat as much at $80/g for commercial productforoupled with capital
facility costs at ~$294M. This coupled with low success rates for molecules entering clinical
trials (21% of mAbs entering phase | clinical trials achieved market approval frorr2R090
and 22% from 20052014), high clinical trial costs, ranging from $2Ms350M with a median
of $12M for all therapeutic moieti€s and high regulatory burdeRurification costs to
manufacture mAb therapeutics represent a lpoggon ofthe cost to manufacture these
necessary treatmentsith the Potein A purification step in particular representing an estimated
77% of downstream costs in the higher mAb titer ranges obtained for current procesisds/(1.5
g/L)!L. This is in no small part a result of the high cost of the resin,iisedfdditon to batch

process preparations that require large buffer volumes and hold capacity for processing.



In addition to high R&D and manufacturing costs that limit accessilddipatientsthere
are documented cases of lack of clearance of impuritiesgydarty specific host cell protein
(HCP) species in platforms that utilize this stratégy As a result of dficult clearance, heavy
focus has been placed on identificatiorppadblematic host cell protein speceasd the
mechanisms for their persistertbeough the platform processés®. Existing stationary phases
for clearance of residual HCPs p@sbduct capture rely on nespecific interactiong polishing
stepsto exploit differences in physicochemical properties betwegRdHand the mAb product.
Most frequently this includes an anion eanlge (AEX) chromatography step operatetiaw-
throughor weak partitioningnode in order to capture acidic HCP species in addition to any
residual host DNA that remaatfter Protein A pdfication. This strategy is often effective given
that, as demonsited by our characterization work in Chapter 2, the large majority of HCPs in
these processes tend to have an isoelectric point < 7. That being said, any remaining species that
have pls abse to or above the mAb product will see limited clearance inygpésdf polishing
step. Similarly, incorporation dfydrophobic interaction chromatography steps to exploit
differences in hydrophobicity limit HCP clearance to species that show sulibtatitiarent
behavior in hydrophobic interactions. Given thesetations, and the demonstrated persistence
of particular HCP species when these steps are implemented, a more selective approach is
required to ensure their clearance without significagiicgon in mAb product yield.
Furthermore, implementation of a séiee HCP clearance strategy may enable a more robust
platform for mAb purification using product capture steps such as cation exchange (CEX)
chromatography that do not rely on expensidgical affinity resins likédProtein A. A CEX
based product captuptatform was previously attempted Bgo and coworket§ however

when directly compared to the traditional proteith@sed platform, observed clearance of HCP



was consistently improwekein theProtein A-based platform by an order of magnitude. Given

concerns around immunogenic response from the presence of residual HCPs in the final
formulation, this could be potentially very problematic from the perspective of safety and

efficacy of tre final product. Improvement in clearance of all HCPs, and mor&isptyg

cl earance of #Aproblematico HCPs, could make t
substantially reduce the cost burden on purification technologies.

In order to developiCP-selective ligands, this work looked to identify short synthetic
peptde species designed to target HCP subsets. As a conceptual analogy, this work aims to
devel op pept iHER polyclomltantibosiessimilatdo those used in the
guantification ofresidual HCPs in these processes by HCP engiyiked immunosorberdssay
(ELISA). Slightly different citeriaare requiredor these purification ligandsompared to
antibodies for quantification, namely th@ptide ligands are selective towards HCPs over mADs,
but not necessarily specific towards one particular HCRespealy. Additionally, given that the
goal is the development of small, chéapmanufacture synthetic ligandsis anticipated that
dissociation constants will trend towards increased, lower affinity binding interactions compared
to antibodies given thlack of lockandkey based conformations for interactions that are
inherent for antibody binding and speaditfjc

In the work presented in this dissertation, Chapter 2 summarizes characterization of the
host cell proteins that exist in typical mAb pratian platforms as performed by shotgun
proteomic analysis, in addition to qualitative and squantitative aalysis of the capabilities of
selected existing commercial adsorbénts c| ear t hese host cell prot
HCPs. With this wdt, a benchmark for HCP clearance was established, and in particular a gap

analysis of HCP species that werdidiflt to remove was performed to determine specific HCP



species that were required to be cleared to enable replacement of Protein A willessther
specific product capture steps, or floavough only processes.

Chapter 3 details the combined effortediso identify candidate peptide ligands capable
of binding selectively to HCPs with low affinity for mAb product from randomized
combinatorial pptide librariesWith this work, we introduced the use of fluorescebased
screening for soligphase combirtarial libraries, in contrast to previous work by our group,
which relied primarily on detection of radioisoteladeled target proteif$22 Fluorescence
screening for soligphase libraries is a wedistablished method for biomgnition applications”

28 This detection method was hypothesized to have distinct advantages in that the screening
could be multiplexed to simultaneous screening for strong binding to a target and minimal
binding to process impurities, anvaatage not offered by alternative screening methods. This
approach consisted of screening sqlithse, ondoeadonecomponent (OBOC) peptide libraries
using multiplexed fluorescent screening for each of the methods developed, where the HCP
target to be hand was tagged with one fluorescent dye and the mAb product with another, non
overlapping dye. This allowed for selection of sqglithse, peptide carrying beads that fluoresced
with only the HCPassociated fluorescence. Different sorting technologies wgremented
(manual, microfluidic, and ClonePixlZased) based on different throughput and cost
requirements, but the fundamental selection approach was equivalent for all sorting techniques
implemented.

The work present in Chapter 4 details the effortémtify and test the peptides shown to
selectively bind to HCPs. From library screening approaches described in Chapter 3, two subsets
of interaction mechanisms were observed to be effective: (i) multipolar (MP) peptides,

comprising both positively andegatively charged amino acid residues accompanied by



primarily aliphatic and aromatic species, and (ii) hydrophobic positive (HP) peptides, comprising
primarily aromatic and positively charged amino acid residues. These two subsets of peptides
were identifed from peptide libraries of different lengths (4 and 6 combinatorial positions, or
randomized amino acid residues), and across manual and ClorAe&sr@ sorting approaches
resulting in four resins tested: 4HP, 6HP, 4MP, and.@Mifen compared in statbinding mode

to the most effective resin in HCP clearance (Capto Q) and the highest binding but least selective
resin (Capto Adhere) tested in Chapter 2, the peptide resins showed equivalent or better binding
and selectivity than Capto Q, and improvekksevity over Capto Adhere.

Chapter 5 details more thorough evaluation of capture of individual HCPs, and in
particul ar species deemed fAproblematico due
immunogenicity, or simply as a result of difficulty in clearthgm using the standard Protein A
based platform process. Qualitative and squantitative comparisons of unbound fractions
poststatic binding to mAb producing cell culture harvest, and additionally comparison of each of
the resins demonstrated supeaad more robust binding of a larger number of host cell proteins
compared to the Capto Q and Capto Adhere benchmark resins evaluated in Chapter 2 and
Chapter 3.

Lastly, Chapter 6 presents preliminary results of the performance of two of the four HCP
seletive resins (6HP and 4MP) and a combination of the two resins (6HP+4MP) operated in
dynamic binding mode for application filow-throughor weak partitioning mode purification of
monoclonal antibodies. Early indications based on clearance of high moleeigat and low
molecular weight species determined by size exclusion chromatography show behavior

consistent with HCRelective capture with high yield using these resins.



CHAPTER 2. CHARACTERIZATION OF MAB PRODUCTION HARVEST HCP

IMPURITIES AND EXISTING TOOLS TO REMOVE THEM
2.1 Introduction

Efficient purification processes for biotherapeutic production are critical for ensuring
consistent production of safe and effective treatment optiun#ication strategies for
biotherapeutics, particularly monoclonal antibodi@#\bs), often rely on trieédindtrue
purification paradigms to minimize the length and cost of process development efforts while also
minimizing risk This hagesuledin the graduaintroduction of new and potentially paradigm
shifting innovations in WMmanufacturingAt the same time, a strong drive towards new, more
productive and efficient purification strategies has arisen in response to (i) a better understanding
of manufacturing processes resulting from the Quality by Design (QbD) principles pdanyot
regulatoryagencie®, (ii) theconsideable improvements in cell line development and upstream
cell culture processgsand (i) the needo reduce drug costs.

The major challengpurification processdays in the separath of hemAb products
from proteins ceexpressed by the production cell line, or host cell proteins (HCRp}ure of
HCPsis particularly challenging in the purification of protein therapeutics owing primarily to
their immense diversityVhile oftenreferredto as a single impurity, the comprising species vary
drastically in size, composition, abundance, and funttidriThis variability compounds with
the similarity of some HCP species to the mAb product or their a tendency to associate with the
product, makinghem had to resolve. This makes purification technology relying on a single
interaction mechanisne(g, ion exchange or hydrophobic interaction) unlikely to achieve
effective clearance of HCPs. Traditionally, the major stag@P clearance is accompleshby

the Acaptur eo st e pandellth maewbepée thegptodusbindsiothe b i n d
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stationary phasehile theimpurities including HCPsflow through Following a thorough wash
step, the product is finally recovered in a substantially ipdréindconcentrated formin mAb
purification, the established platform proaessely orProtein Afor product capture, as it
binds most mAbs with high specificityherebyaffording impressive HCP clearan¢®garithmic
removal value, LRV ~2:-8.2). On the other han@roteinA-basedadsorbents are very
expensive, require harsh elution conditions, and can release Protein A fragments, which are toxic
and immunogenic and must be carefully removed from the product stream. Furthermore, an
expanding body difteraturedemonstratinghatas ubs et of FApr obl eat®t i co H
with the mAb product from ProteinA®235, Further unit operations implemented to clear
residualHCPs typcally include anion xchange or multimoddlow-throughpolishing steps
postProtein £193 |t hasalsobeen demonstrated that the use of some adsorptive depth filters
for the clarificationof cell culture harvegtrovideinitial HCP clearanc&'4l. These steps
constitute the historic backbone of industrial mADb purification. Nonetheless, the development of
novelplatformprocesses that are more eeffective, morgobustin removingh pr obl emat i c 0
HCP clarancemore productie, andoperate in continuous modecrucial to ensure safe,
effective, and cosaccessible treatments to patients.

Capture of HCPs in negative binding mode fi@wv-throughor weak partitioning
mode) allows for the direct captuid impurities, allowng the product to flow straight through
the process without batch process hold steps or cycling of the process step when sized
accordingly.In particular, the clearana# HCPsas early as possible in the purification pipeline
may proe beneficial to thewerall downstream process by extending the lifetime of Protein

A resin, (ii) potentially replacing Protein A altogether with less specific and less expensive



adsorbents, or (iii) even shifting the entire purification procefi®tathroughor straight
processing, thereby reducing capital and operational costs and time to market.

In this study we aimed tadentify correlations between the profileSHCPs capturedh
flow-throughmode and the capture mechanism of commercialrbdats Qualitative ad semi
guantitative determination ¢fCPs captured by the various adsorberds performed using
labelfree relative quantification by liquid chromatograghypdem mass spectrometry
(LC/MS/MS) analysis with data dependent acquisifibBA). The €miquanttative
comparisons focused specifically on Aprobl ema
existing literature: species that-etute with the product of interest (Group | HCP$§344243
proteins associated with product stability concerns (Group Il HEBSH46, and highly
immunogenic species (Group Il HCP%)"“8 Specific capture of thes¢CPscould significantly
improve product safety and &fécy through the targeting of hatairemove poteins and other
known problematic proteindVe first evaluatedwo traditional depth filters used for cell culture
clarification(3M Zeta Plus 90ZB and MilliporeSigma XOHC) with direct application of cell
culture harvestWe thenevaluated binding of indidual HCP species by a panel of commercial
chromatography resins, including cation exchai@gpto S and CM Sepharose F&ion
exchangdCapto Q and Capto DEAEand multimodal resingCapto Adhere and CapMMC),
to establish the profiles of bound HC&w identify dangerous HCPs that escape capture by
these adsorbents
2.2  Results and Discussion
2.2.1 Characterization of HCP Profile in Null CHS Simulated Production Harvest

In this work, anull (nonrmAb expressingCHO-S cellculture harvest was utilizess

mocdel fluid. Proteomic analysis of this material reported a total of 319 unique host ¢eihpro



Theseare mainly hydrophilic and acidic in nature, dadturea molecular wigiht lower than 100
kDa. Figure 2.1 summarizeshe properties and the estimatediance of every HCP identified
in the harvest fluid. In particular, the isoelectric poirtgrs), GRand AVerage hYdropathy
(GRAVY) index (y-axis), and molecular weight (data point diameter) were calcubased on

the protein sequence identified by IMIS/MS. Protein concentration is represented by the color
of the data point, and was calculated by comparison of relative intérasigd absolute
guantification (iBAQ), a quantification method based on nomadlprecursor peak intensity in
labelree reldgive quantification from shotgun proteomics chromatogfénfor this céculation

the estimated protein concentrat@scalculated by iBAQelative to the iBAQ of the 33.3 nM

BSA internal standard.
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Figure 2.1 Hostcell protein profile by pl, GRAVY, MW, andestimatedconcentrationEach

point represents a uniquy®otein identified by LEMS/MS in the clarified, cocentraed cell
culture harvest, based on the protegguencealerived isolelectric point and GRAVY. The color

of each data point represents the protteei nds
HCP profile. The data point size designates the almosdaf each protein species based on
estimated protein concentration by IMS/MS nonrlabeled quantification.



Using these datave sought to identify propertishared byhe majority of HCP species
to identify opportunities foflow-throughcapturetechnobgies.To this engdwe determined
protein frequency over the range okey protein metrigpl, GRAVY, MW, and concentration)
as shown irFigure 2.2 The GRAVY index(Figure 2.2B), is a sequenebased metric for
hydrophobicity that is based on the watapor transfer free energies and inteeaterior
distribution of amino acid side chains as calculated for each individual amino acid in the

sequenc®; negative GRAVY values indicates hydrophilic charavtBereas positier
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Figure 2.2  Protein molar frequency by characterization mefriee histograms presented here
show the mole fraction of HCP as a function oftfeoretical isoelectric point, (b) grand average
of hydropathy (GRAVY), (c) molecular weight, and (d) appmate concentration as calculated
by iBAQ.

indicates hydrophobicity. This calculation does not account for protein structure, and therefore is
geneally not an ideal metrichowever it is useful in establishing the overall characténef
HCP populationas a ensemblef hydrophilic species, as determined by the negative GRAVY

value for the large majority (92%) of the total protein mass. This ries@asonable given that
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highly nonwater soluble proteins are unlikely to exist in the aqueous extrizcedjpace.
Clarification procedures without cell lysis result in harvest material that is likely to be rich in
extracellular protein with low abundamof membrane and intracellular proteins. With respect to
thecalculated p(Figure 2.2 A), typical bimodé&isoelectric point distribution for eukaryotic
organisms was observed, aligning with expected distribution despite the use of theoretical rather
thanempirical values, with a majority of proteins (74%) identified as acidic species with pl <7,
indicatinga large population of negatively charged species at neutral pH. This result is consistent
with isoelectric focusing gels performed with the conceatt&@HOS harves{Figure 2.3A).
The molecular weight distribution as seerfrigure 2.2 C is consistent wh expectation that
most HCP impurities are smaller than mAbs, and additionally was confirmed wiiedoced
SDSPAGEshown inFigure 2.3B.

The dstribution ofHCP abundance, as indicatedRigure 2.2D, shows thathe top 22
most abundant HCP speci@uit of 302 unique species identified) account@vo of thetotal
molesof HCP. The top 22 most abundant spe€iedle 2.1), hereir e f er r ed t o as
a b unda n taé denpdeby a neokar fraction1% of theall HCPs quantified by iBAQ

quantification A full list of identified proteins is available lppendix A.
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Figure 2.3  Orthogonal analysis of CHS null cell culture brvest spiked with polyclonal
human IgG. bimodal distribution of isoelectric points around pH 7 is observed, with denser
populations of proteins in the isoelectric point range < 7 with a large unresolved band of IgG at
~7.8 as shown in panel (A), and lang@pulation of species with molecular weights < 100 kDa
alongside the ~150 kDa 1gG band.
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Table 2.1

Highly Abundant CHD-S Harvest Host Cell Proteins

Drote Prote Prote . DA e Ola
O e allo O e allo Da a O
g

Galectin-3-binding protein 1.851379 0.114295| 5.05| -0.0902 61.73522 1.04%
Galectin-1 1.954057 0.028907| 5.49| -0.2548 14.79318 1.10%
Glyceraldehyde 3- 1.96049 0.070039| 8.49| -0.0778 35.72522 1.10%
phosphate dehydrogenase

Lactadherin (fragment) 2.023821 0.044725| 6.87 | -0.2194 22.09951 1.14%
Tissue alphal -fucosidase 2.193274 0.110973| 5.82| -0.3539 5059698 1.24%
Beta-2-microglobulin 2.661562 0.036674| 6.89| -0.2613 13.77901 1.50%
Sulfated glycoprotein 1 2.935181 0.080294| 5.35| 0.0285| 27.35563 1.65%
Phospholipid transfer 3.298271 0.173897| 6.24 0.189 52.72359 1.86%
IF\)ll}thJe;]r;nl 3.567342 0.107275| 841 -0.045 30.07128 2.01%
Lactadherin 3.649553 0.058912| 9.45| -0.5229 16.14215 2.06%
Cathepsin L1 3.897673 0.138363| 6.72 | -0.4631| 35.49892 2.20%
Legumain 4.368258 0.206895| 5.95| -0.3363 47.3632 2.46%
C-C motif chemokine 4.696845 0.062312| 9.39 | -0.1601 13.2681 2.65%
Peroxiredoxin-1 4.753097 0.105749| 8.22 | -0.2156 22.24836 2.68%
Clusterin 4.9917 0.246795| 5.51| -0.6371 49.44111 2.81%
Ribonuclease T2 5.431115 0.160335| 6.25| -0.3822| 29.52164| 3.06%
Biglycan-like protein 5.683526 0.226674| 6.93 | -0.2041 39.88265 3.20%
Cathepsin Z 5.843728 0.183995| 6.68 | -0.4523| 31.48589 3.29%
Metalloproteinase inhibitor 6.389858 0.128441| 8.74 0.0325 20.10075 3.60%
éathepsinB 8.386089 0.298744| 5.73 | -0.3481 35.6238 4.72%
Carboxypeptidase 10.95919 0.566561| 5.61 | -0.3493| 51.69731 6.17%
Osteopontin 14.84879 0.195312| 5.38 | -1.2111 13.1534 8.36%

2.2.2 QualitativeBound Protein Analysisf HCPs by Adsorptive Depth Filtration

To determinghe effectiveness of standard clarification depth filterdéarance of

individual HCP specieshe CHO-S null cell culture harvest wdgtered using either a 3M Cuno

Zeta Plus 90ZB depth filter or a MilliporeSigma XOHC depth filter at a flux of ~150%H)m

(LMH) in t

he

manufact ur er ocsllectee as frantiomsrb@ Lénd

range

throughput increments up to a maximum of 200 Etmexplore the change in HCP capture as a

function of throughputThough individual HCP species capture by advanced adsorptive depth
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filters specifically designed to adsorb HCP has been previously refothedfiltersutilized in
this gudy were selected to represenorecommonly implemented depth filtets establish and
report their capabilitiedVe firstcompared total protein concentration in the filtrate fractions
compared to the cell culture harveBotal protein for the feed ariftrate samplesas
determined by Bradford total protein assépwn inFigure 2.4, indicated negligible clearance

of protein by the 90ZB filter, while the XOHC filter captured ~35% of the protein loaded.

_ Filter
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Figure 2.4  Total protein concentration of CHO null harvest filtrate by adsorptive depth filter
and throughput fraction as determined by Bradford total protein assay. The shaded region shows
the harvest total protein concentration within one standard deviation.

While thisexperiment was performed Bs-1, and additionally thkevel of HCP capture
is far fromthe required process HCP clearance necessary for mAb prod(ictadmesidual
concentration of ~-1.00 ppm HCP, or a HCP log reduction value of-53, it does imlicatethat

filter selection for clarification can havesaongimpact on the HCP challenge introduced into
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subsequent purification steps. This is in agreement with prior work by Yigizal#®, where
additional depth filter media MilliporeSigma A1HC and 3M Cuno Zeta Plus 90&#
evaluated

We investigatedvhat individual HCPspecieswerecapturedoy each depth filter as a
function of throughput using shotgun proteomics via lditesd relative quantification. We first
performedabound protein analysis, where the spectral abundance factor (SAEqs&BoN
2.1) of each identified protein in the harvest feed stream was compared to that in the throughput
fractionsPr ot ei ns wer e consi de rthe tblloingeriteriad(@the f t hey
protein was detected in the feed (sum spectral count acrassrak e r epl inoat es O 4)
spectral count was observed in the filtrate fraction, or (ii) the protein SAF was significantly
|l ower by ANOVA figrdie fractiod compajed to the faedr Ehe number of unique
bound proteinshat were shareffi ce a p p) betwgen each filtrate fraction and between each
filter mediawas qualitatively comparess shown irFigure 2.5 From this analysis, we observed
agreement between total protein analysis and number of unique protein species captured in each
fraction, where the lowest concentration fraction, XOHC at 5(?Itfroughputshown in panel
(A) was also observed to have the highest number of unigue HCPs boundbatt@HCPs of
the 319 species identified in the harvest, as compared to the 90ZB 5frdofion shown in
panel (B)at 112 of 319 species.

A comparison of all species bound in any of the four fractions for XOHC compared to
90ZB, shown irFigure 2.5C, showed a larger number of species that were uniquely captured by
the XOHC medium58 specis uniquely bound by XOHC, which included problematic HCPs
heat shock cognate protein, procollaggsine 2oxoglutarate &lioxygenase -like protein,

cytoplasmic actin 1, cathepsin B, pyruvate kinase, clusterin, sulfated glycoprotein 1, cathepsin D,
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and peoxiredoxin-1. In contrast, 90ZB uniquely bound 18 species in addition to the 138
common species. Problematic species that uniquely bound to 90ZB included aldose reductase
related protein 2, Glutathionet&nsferase P, metalloproteinase inhibitor 1, oofil and

peptidytprolyl cis-transisomerase A.
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Figure 25:  Overlapping HCPs bound WilliporeSigma XOHC and 3M Zeta Plus 90ZB depth

filters. Panels (A) and (B) show HCPs removed by XOHC and 90ZB filters, respectively, as a
function of throughput at 50 Am? (pink), 100 L/n? (green),150 L/n? (blue) and 200 L/rA
(orange)Panel C compares bound proteins observed at any throughput for XOHC (pink) and 90ZB
(green). Bund proteins were determined as proteins that either were identified/MSIMS in

the fe@ but not in the supernatant samples with wash after static binding with each resin, or
alternatively where the resulting spectral abundance factor was significantly lower by ANDVA (

= 0.05) than the f eed. qués$peciediobdproteind tirapweere boand atn u mb
more than one condition are shown in the overlapping regions of the Venn diagrams.

223 SemiQuantitative Analysis of HAPropthRlteimati co H
Differences in capture f A p r o BICPswasfurther iavestigateoly semi

guantitative comparison of spectral abundance fg@wole 2.2). Spectral abundande each

fractonwas compared by ANOVA ( N= Brendefitten to com@ate r ep | i

the abundance of each problematie@ps with increasing throughput. Additionally, the

cumulative spectral abundance factor across all fractions was calculated to simulate the

abundance pooled filtrate at 200 1%/far each filtration nedium to determine whether
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abundance was significantlyfi@drent between XOHC and 90ZB media by ANOVA (N=3
technical replicates, U=0.05)

Table2.2 Semiguanti tative comparison of #AProbl emat
and selected adsorptive depth filter. Mean spectral abundancetfactestandardeviation (N=3

technical replicates) is reported by filtrate fraction for both XOHC and 90ZB depth filters. Spectral
abundance as a function of fract i-valmeswporsed c 0 mp a
as AFractiowaCaomp ar iCsFpuonthgaverageeSAFSoAall four fractions for

one mediumdéds filtrate to simulate the spectral
further used to compatke simulated pooled filtrate for each filter at 200 £y ANOVA (three
technicalre | i cates, U=0.05) .

Mean SAF Fraction Media
Comparison| Cumulative | comparison
Protein Filter | 50 L/m? | 100 L/n? | 150 L/n? | 200 L/n?| p-value SAF p-value
0.056 +
xonc | S-OP | SLODSLODH 5006 | 04411 | 0.014+0.024
60S acidic ribosomg <lOD 0.10+ | 0.044+| 011+
protein PO 90ZB 0.088 0.077 0.038 0.1778 | 0.064 +£0.013 0.0335

0.44 + 044+ | 035+ | 040+
XOHC | 0.014 0.073 0.069 0.13 0.5244 0.41 +0.063
0.500 + | 0.468 +£| 0.571 | 0.460 *
Actin, cytoplasmic 1/90ZB 0.024 0.090 0.048 0.073 0.2095 0.50 +0.041 0.104
0.056+| 0.11+ | 0.028 +| 0.037 +
XOHC | 0.048 0.11 0.048 0.064 0.5314 0.058 + 0.032
Aldose reductase 0.056 + <LOD 0.083 +| 0.019 +
related protein 2 (90ZB 0.056 0.083 0.032 0.2841 0.039 +£0.03§ 0.5401
048+ | 0.65% | 057+ | 0.53%
XOHC 0.10 0.15 0.11 0.15 0.5021 0.56 + 0.029
0.45 + 0.52 + 0.47 + 0.37 +

Alphaenolase  |90zB | 015 | 041 | 010 | 0.4 0555 | 0.45+0.063| 0.0569
0.50 = J
worc | o11 |16%01116+0.1917£028 _ | .o
Cathepsin B gozp |14+ 0.490%0:591.620.151.1£018 9224 14+0.091| 0.3754
085% |1 ol 002% | 074+
xoHC | 032 |[F*=% o015 | 035 | 01691 | 091019
0.46 = ] ] ]
Cathepsin D o0zB | 048 |0*05ELE04ILIL0A8 ) 005 | g90+018| 09622

028+ | 060+ | 0.71+ | 0.79%
XO0HC | 0.029 0.11 0.078 0.051 0.0001 0.59 +0.056
069+ | 0.71+ | 0.74+ | 0.64+
Clusterin 90ZB 0.059 0.069 0.048 0.22 0.7746 0.70+0.049] 0.0781
019+ | 025+ | 0.25+ | 0.28+
XOHC | 0.030 0.061 0.061 0.061 0.3373 0.24 + 0.046
0.14 + 0.16 £
Cofilinl 90ZB 0.12 0.21+0.00.2120.0 0.14 0.7812 0.18 + 0065 0.2528
0.080+ | 0.060+| 0.160+| 0.193 +
XOHC | 0.040 0.053 0.053 0.031 0.0194 0.12 + 0.020

Elongation Factor-1 017+ | 014+ | 029 | 0.19%
alpha 1 90ZB 0.023 0.060 0.081 0.064 0.0668 0.20 £ 0.036 0.035
<LOD 016+ | 029+ | 0.29+
X0HC 0.080 0.064 0.12 0.0058 0.18 + 0.050

020+ | 021+ | 022+ | 0.18%
ElongationFactor 2 [90ZB 0.053 0.088 0.057 0.053 0.8718 0.20 +0.036| 0.6073
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Table 2.2(continued).

Mean SAE Fraction Media
Comparison| Cumulative | comparison
Protein Filter | 50 L/m? | 100 L/n? | 150 L/n? | 200 L/m? p-value SAF p-value
0.52 + 046+ | 048+
Fructose- XOHC | 0.039 0.18 0.19 0.8247 0.51 + 0.096
bisphosphate 049+ | 0427 +| 0.402 £
aldolase 90ZB 0.13 0.015 0.074 0.5153 0.42+0.061| 0.2534
0.65+ 059+ | 0.63%
XOHC 0.17 0.12 0.12 0.2876 0.69 +0.12
Glutathione S 052+ | 036+ | 049+ | 040
transferase P 90ZB 0.17 0.11 0.023 0.20 0.5102 0.44 +0.057| 0.0309
0.23 = 0.37 =
Glyceraldehyde- |XOHC | 0.016 0.20 0.1078 0.42 +0.084
phosphate 0.36 + 041+ | 0.30%
dehydrogenase 90ZB 0.073 0.042 0.098 0.0221 0.40+0.037| 0.7145
XOHC 1 <LOD
Histone H2A 90ZB 0.0519 |0.033+0.029 0.1161
022+ | 022+
XOHC 0.19 0.19 0.1856 0.12+0.11
0.58 + 0.71 +
Histone H2B 90ZB 0.15 0.28 0.0022 0.57+0.14 0.0114
0.14+ | 0.27%
XOHC 0.077 0.067 0.0005 0.10 £ 0.035
0.28 + 0.29 +
Histone H3 90ZB 0.038 0.14 0.0008 0.24 +0.033| 0.0075
0.10+ | 0.095 +
XOHC 0.12 0.26 0.006 0.095 + 0.04Q
0.50 0.55 +
Histone H4 90ZB 0.16 0.079 0.0001 0.45+0.063| 0.0011
0.55 + 095+ | 0.93+
XOHC 0.17 0.22 0.18 0.1665 0.89+0.16
0.78+ | 083+ | 095+ | 0.76 =
Legumain 90ZB 0.27 0.12 0.13 0.28 0.7125 0.83+0.16 0.6867
0.11+ | 0.19%
XOHC 0.079 0.11 0.0031 0.15 + 0.045
0.18+ | 021+ | 021+ | 0.17
Lipoprotein Lipase |90ZB 0.066 0.010 0.064 0.082 0.8134 0.19+0.047| 0.3676
Matrix XOHC 0.14 0.0021 0.38 + 0.063
metalloproteinase 030+ | 047+ | 037+ | 024+
19 90ZB 0.12 0.084 0.076 0.045 0.0556 0.34 £0.040| 0.4141
0.068 £ | 0.080
XOHC 0.019 0.015 0.0058 0.062+ 0.013
Matrix 0.059 + | 0.051 + 0.025 +
metalloproteinased |90ZB 0.015 0.058 0.025 0.2961 |0.036 +0.004{ 0.0288
XOHC 1.2+0.341.0+0.191.0+£0.1( (5354 1.2 +0.082
Metalloproteinase 0.88 = 11+ 028 0.98+ [ 0.59+
inhibitor 1 90ZB 0.31 T~ 7 0.30 0.12 0.144 0.90+0.11 0.0297
0.15+ | 0.23 %
XOHC 0.051 0.14 0.0309 0.16 +0.035
0.15+ | 0.18+ 0.17 +
Nidogenl 90ZB 0.013 0.013 0.039 0.0059 0.19+0.012| 0.2984
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Table 2.2(continued).

Mean SAE Fraction Media
Compari®n | Cumulative | comparison
Protein Filter | 50 L/m? | 100 L/n? | 150 L/n? | 200 L/m? p-value SAF p-value
032+ | 040+ | 054+
XOHC 0.17 0.13 0.042 0.0031 0.32 + 0.065
Peptidytprolyl cis 0.46 £
trans isomerase 90ZB 0.083 0.0869 0.66 + 0.095 0.0071
085+ | 098+
XOHC 0.20 0.026 <0.0001 | 0.75+0.017
0.83+ | 0.80+ | 0.864+| 0.82+
PeroxiredoxiAl 90ZB 0.10 0.095 0.157 0.18 0.9559 0.83+0.086| 0.2082
0.13 0.28 £
XOHC 0.12 0.029 0.0061 0.30 + 0.045
Phosphoglycerate 0.13+ | 032+ | 0.15+ | 0.067 =
mutase 1 90ZB 0.13 0.029 0.13 0.115 0.1047 0.17 £ 0.069| 0.0485
0.083+| 030+ | 0.29+
Procollagerysine,2 [ XOHC 0.079 0.072 0.042 0.0005 0.17 +0.041
oxoglutarate 5 0.24 + 028+ | 0.21%
dioxygenase 1 90ZB 0.020 0.057 0.12 0.2333 0.27 £ 0.040| 0.0401
0.15+ | 040+
XOHC 0.16 0.15 0.0058 0.14 + 0.059
Protein disulfide 044+ | 031+
isomerase A6 90ZB 0.082 0.055 0.0001 0.34 £0.049| 0.0116
014+ | 046+ | 050+
XOHC | 0.024 0.083 0.042 <0.0001 | 0.42 +0.036
Out at first protein 040+ | 047+ | 036+ | 031+
like protein 90ZB 0.16 0.15 0.064 0.048 0.3952 0.39 £ 0.045| 0.4035
0.15+ 0.38+ | 0.27+
XOHC | 0.066 0.13 0.053 0.0566 0.30 £ 0.055
Phospholipase ke 027+ | 033+ | 038+ | 0.19+
2 90ZB 0.095 0.046 0.066 0.063 0.0531 0.29 £ 0.052| 0.8063
o
XOHC 0.24 0.0268 0.45+0.11
046+ | 052+ | 052+ | 0.27+
Pyruvate kinase  [90ZB 0.15 0.12 0.12 0.24 0.2679 0.44 +0.10 0.9586
0.046+| 024+ | 030+
XOHC 0.080 0.15 0.053 0.0085 0.15 + 0.067
Serine protease 0.22+ | 029+ 0.25 +
HTRAL 90ZB 0.053 0.053 0.11 0.1792 0.28 £ 0.046| 0.0512
0.14 + 0.39 +
XOHC | 0.071 0.034 0.0088 0.36 £ 0.051
026+ | 024+ | 027+ | 019+
Sialidase | 90ZB 0.013 0.044 0.056 0.051 0.1534 0.24 £0.032| 0.0257
0.90 + A
XOHC 0.22 [1°*02916£018 50001 | 1.0:o012
Sulfated J
glycoprotein 1 o0zE [0 L [ 13£061 6002 | 152021 | 00231
0.17 +
XOHC 0.081 0.0002 0.14 £ 0.019
0.19+ | 0.26+ 0.25 +
Vimentin 90ZB 0.028 0.049 0.075 0.0605 0.26 £ 0.042| 0.0104
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A much higherobserved capture of HCPs afiaction ofthroughput wasbserved for
the XOHC filter as compared to the 90ZB filter, with 18 of the 35 HCP species monitored
showing a statistically significant increase in spectral abundance (and, by extensieaselen
binding) with increasing thrgghput, suggesting saturation of available binding sites in tee fil
The higher apparent adsorption capaoitthe XOHC filter may be a result of either differences
in materials of construction for the filter mador a lower nominal pore size for XGH<0.1 um
nominal pore ratint compared to ~0.1 0.5 pm for 90ZB?) resultingin higherspecificsurface
area for adsorption. It wadsonoted that XOHC filtes are typically used as secondary
clarification filters in series with MilliporeSigma DOHC filters, which mapvideadditional
ability to adsorb HCPs. The 90ZB medium was observed to have a significantly significant
response as a function of throughpart 7 of 35 monitored problematic HCR®wever in all
casesa local maximum SAF was observed, suggesting saturation of binding sites within the
90ZB medium and/or weak partitionitgnding mode Furthermore, 11 of the 35 species
showed statistically higer capture by XOHC as compared to 90ZB, including 60S acidic
ribosomal protein PO, elongation factealpha 1 protein, histones (H2B, H3, and H4), peptidyl
prolyl cis-transisomerase, focollagenlysine 2-oxoglutarate &lioxygenase Jprotein disulfide
isomerase A6, sulfated glycoprotein 1, and vimentin. In contrast, 90ZB uniquely bound to only 5
of the 35 monitored HCPs, comprising glyceraldeh$gehosphate dehydrogenase, matrix
metalloproteinas®, metalloproteinase inhibitor 1, phosphoglycerate mutaaad sialidase 1.
2.2.4 Total Protein Binding by Commercial Resins in Static Binding Mode

Following the evaluation of depth filters, a selection of commercial ion exchange and
multimodal chromatograpbresins were evaluated for HCP removdlike the depthilters,

which were operated under ng#nysiological pH to minimize instability of the proteins in the
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harvest, all the resins were evaluated at low ionic strength, since they rely primarilyradypar
on electrostatic interactions. Accordingly, thevest was diafiltered into 50 mM sodium
phosphate, 20 mM sodium chloride, pH 7.0 prior to contact with the resin to reduce the salt
concentration of the feed and ensure HCP capture by electrostatactionWhile in practice,

a buffer exchange step farmAb purification process would utilize higher molecular weight
cutoff filtration devices, 3kDa molecular weight cutoff filters were used for diafiltration and 4X
concentration in this work to mimize HCP loss and thus challenge the commercial resihs wit
theentire panel of protein impuritie$he4X concentration factor was established based on the
maximum reported achievable concentration factor for sipgés tangential flow filtration
steps>>4in theattempt to implement only unit operations amenable to continuous processing.
Concentrated and diafiltered harvest waen spiked with ~0.6 mg/mL polyclonal human IgG,
then inwbated with each of six commercial resimamelyCapto Adhere (multimodal AEX),
Capto Q (strong AEX), Capto DEAE (weak AEX), Capto MMC (multimodal CEX), Capto S
(strong CEX), and CM Sepharose (weézikX), at variable protein load to determine binding
perfamance in static binding moaath N=3 biologicalreplicateq(i.e. distinct samples prepared
separately under identical conditions)

To provide a first estimate of total protein LRV in a flthvough system under
physiological conditions, we initially alyged the flowthrough samples by Bradford assay. As
shown inFigure 2.6, the commercial resins tested afford a LRV in the range af 0.ander the
binding conditions tested herein. Resins witlba exchange interaction capability showed a
higher proten absorbance, with the highest LRV observed with Capto Adhere, a multimodal
resin featuring a combination of strong anion exchange and hydrophobic interactions, and

hydrogen bonding. Capto Adherasvclosely followed by Capto Q (strong anion exchange
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resn), and Capto DEAE (weak cation exchange resin). This observation is consistent with
expected performance, given that the proteomic profile in this material largely comprises

negatively charged HCspecies.

HCP FT LRV by Commercial Resins

W Capto Adhere
m Capto Q

1
0.8
0.6
0.4 . Capto DEAE
0.2 I | ] ii ' L I Capto MMC
0 .- ﬁl Iii W Capto S

10 pg HCP/uL resin 20 pg HCP/uL resin - 50 pg HCP/uL resin W Capto CM
Host Cell Protein Load

Log Reduction Value

Figure 26: Total protein log reduction valuey commercial resirand load. Total protein
concentration was determined by Bradford Total Protein Assay.

Because Bradford assay does not distinguish between IgG and HCP hidingduced
sodium dodecyl sulfatpolyacrylamide gel electrophoresis (SBPBGE) was further employed
to qualitatively assess the degree of iy HCPbound by each of the resifisigure 2.7). As
shown in lane 3 of each gel, the IgG band appears at ~150 kDa, with wide diversity in MW for
the remaining bands in agreement with paoalysisThis analysis indicated considerably
higher 1gG binding by both multimodal resins Capto Adlzaré Capto MMC as compared to

the ion exchange resins, particularly at the 10 and 20 mg/mL loads (Figure 2.4-&nes 4
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Figure 2.7. SDSPAGE anasis of CHOS null cell culture harvest spiked with polyclonal
human IgG (lane 2 for each gel) and incebatvith commercial ion exchange and multimodal
resins commonly used for HCP binding (Capto Adhere, Capto Q, Capto DEAE, Capto MMC,
Capto S, and CM Séprose) in static binding mode at 10, 20, and 50 mg HCP loaded/mL resin,
shown in lanes 4, 5, and 6, resipeely.

In conclusion, a large percentage of the total protein LRV is attributable to IgG loss,
rendering both multimodal resins unusable for fitmough binding of HCPs at this buffer
condition. Notably, a HCBRYV ~ 3 is required to meet typical reguat requirements for
clinical and commercial drug product, corresponding to < 100 ng HCP per mg of mAb product in
the final formulatiorP® on the other handhe starting conagrationof HCPsis generally10% of
the product concentration. Based orstheonsiderationand tlgata generated, a single
commercially available gn is unlikely to achieve this goal alone. Though optimization of the
isocratic mobile phase conditiongsgvnot in the scope of this work, it is unlikely that simple

modification of buffer conditionsanincrease in proteindsorptionto a sufficient levie
23



2.2.5 Bound Protein Analysis

To gather a deeper insight into the binding of individual HCP species by com@merc
resins, thélow-throughsamples were analyzed by lalfide relative quantification of proteins
by shotgun proteomicQualitative analysis of hond proteins was performed as described in
Section 2.22 to compare each resin at the lowest HCP |6@derlapping HCP species that
boundby the variousesirs aresummarizedn Figure 2.8. In Figure 2.8A, all ion exchange
resns are compared for thewest load, showing a considerably larger number of species
binding to AEX resins49 unique protein species bound@gpto Q and Capto DEAE) as
compared to cation exchange resiB@ $pecies bound yapto S and CM SephargsEigure
2.5B showsa substatial overlap in species boumy AEX resins (Capto @nd Capto DEAE)
and the multimodal Capto Adhereith 183 overlapping species between Capto Adhereaand
leastone of the AEX resins, 41 species that bind uniquely to Capter&dind 38 species that
bind to pure AEX resinsThe correspondingnalysisfor the CEX and CEX multimodal resins
(Figure 2.8C) indicates a much smaller overlap in bound species shared across these resins,
with 72 species bound by boBapto MMC andneof the CEX resins, 74 spées bound by
Capto MMC alone, andnly 30 species bound by one of the two CEX resins. The increased ratio
of species uniquely bound to the multimodal resin in this case is likely a result of Capto MMC
allowing binding ofsome ofthe more abundant negatiyeharged specidsy nonelectrostatic
interactions, an effect that might notteadly observed for Capto Adhere when the positively

charge species are less abundant.
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Figure 28:. Overlapping HCPs bound byvarious ion exchange and multimodal
chromatogaphy resins. Panel (Agompares the four ion exchange resins in the study: cation
exchange resins Capto S and CM Sepharose and anion exchange resins Capto Q and Capto DEAE.
Panel (B) ompares the anion exchange resins to the multimodal anion exchang€apsn

Adhere. Panel (C) compares the cation exchange resins to the multimodal cation exchange resin
Capto MMC. Bound proteins were determined as proteins that either were identiied b
LC/MS/MS in the feed but not in the supernatant samples with waststtie binding with each

resin, or alternatively where the resulting spectral abundance factor was significantly lower by
ANOVA (U= 0.05) than the f eed unigdetsmecied of preteirs thato , o]
were bound at more than one conditiomstrown in the overlapping regions of the Venn diagrams.

To gather a deeper insight in the qualitative analysis of HCP capture, we sought to
identify correlations between bound HC&l their corresponding values of pl, MW, and
GRAVY metrics. Rigorouslythe surface charge distribution of a protein, rather than its net
charge, is the true driver of binding to the chromatographic substrate. Nonetheless, a difference
in the distributiorof isoelectric points among bound HCPs is still expected. A correlation
between GRAVY distribution of bound HCPs and the corresponding resin is also possible; in
particular, an increase in the median GRAVY value is expected with multimodal resins, capable
of binding via hydrophobic interactions, as compared to resins redgiety on ion exchange.
For molecular weight, no correlation was expected given that all resins tested herein have

sufficiently large pore diameter to enable efficient diffusion oH&P species.
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Table 23: KruskalWallis H test for changes in physiobhemical property distribution as a
function of resin at 10 mg/mL load

Resin Isoelectric Point Molecular Weight Grand Average of Hydropathy
Median | Kruskal- | j 2 |p-value | Median| Kruskal- | j ? |p-value| Median| Kruskal- | j ? | p-value
pl Wallis MwW Wallis GRAVY | Wallis
Score Mearn (kDa) [Score Mean Score Mean

Capto

DEAE 5.77 373.8 52 477.0 -0.321 445.0

CaptoQ | 5.79 384.2 52 474.3 -0.334 445.2

Lo | 594 | 4066 52 461.1 0329| 4425

CM 32.8/<0.0001 7.68| 0.175 1.06| 0.958
6.39 502.9 40.5 404.0 -0.360 412.0

Sepharos|

Capto S | 6.03 422.4 45 402.4 -0.302 453.0

Capto

MMC 6.2 498.5 52 449.4 -0.314 440.9

The relationship between the distribution of each property (pl, MW, and GRAVY) and
HCP binding was confirmed by comparisaiithe noanormalpropertydistribution of bound
proteins for each resin by Kruskalallis Htest( U =, reportetin Table 23. Qualitatively,
HCP bindingperformed as expected, wittsttistically significant differencg<0.0001)n the
median theoretical mong the variousesirs, and highemedian plof bound proteins b EX
or multimodalCEX resins compared their AEX counterpartsThis agrees withtheisoelectric
focusing gel electrophoregiBigure 2.9), where a considerable decrease in intenvgiy
observed for bands at pl < #dth bothAEX and multimodal AEX resinghis wasnot doserved

with the CEX and multimodalEX resins.

26



/4

\ls\l NN
N
o & S8 . s 888
¥ &, £§88 & & @ ¥
LLESSS & o S LS
NEY FITE9Ps
89: - 80- Tl
) 8-
o £ & N
£ 2 S £
I ¢ s ¢
560 L
(o] 53-8 O £60-
8 o B 853
© 945~ 2 e
O T a42- O 245-
16T 42-
35-
8.0- - =
78- 89-
&
o} § n E
2 e o &
O E6.0-p = o
B Q T60-
© o 5.3- © S
S 8 853-
45|~ ]
Sdp: 245-
SE. 4.2-
; _ > 3.5-
8.0-
7.8- f;-g:
© :
‘S c
w & - s
Q ¢ £ 3
e} tg'g: Q £60-
£ 3 g §ss
© o ]
S 23'3_ S 84s-
; o 42-
o 3.5

Figure 29: Isoelectric focusing gel electrophoresis analysis of €xH@ull cell culture harvest
spiked with polyclonal human IgG (lane 2 for each gel) and incubated with commercial ion
exchange and multingal resins commonly used for HCming (Capto Adhere, Capto Q, Capto
DEAE, Capto MMC, Capto S, and CM Sepharose) in static binding mode at 10, 20, and 50 mg
HCP loaded/mL resin, shown in lanes 4, 5, and 6, respectively.

The effect of resin on thBRAVY distributionof bound proteinglid not agree with the
expected response of increased median GRAVY for multimodal resins, with no statistically
significant response as a result of the resin (p = 0.9%8.discrepancy can be explained by
considering thasequencebased calculation of GRAVValues that do not account for the
tertiary structure of HCPs. This is also true for the calculated theonetidalt the effect is more
distinct for GRAVY calculations as the hydrophobic regions of proteins are afesnalized

and less available fdrydrophobic interactions witthe ligandson the chromatographic resins
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Molecular weight was shown to have no statistically significant effect (p = 0.175), meeting
expectations

Bound protein analysis was then performegtatic binding mode for each resis a
function of protein load (mg of proteins per mL of resihfonstant concentrati@m every
resin. The overlap analysis of bound H@$shown inFigure 2.10. At increasng values of load,
the total number of bowhproteins is expected to decrease as the binding sites on the resin are
increasingly saturated, with weakly bound species being displaced by species with higher
affinity. This trend was observed with Capto AdhéZapto Q, Capto DEAE, and Capto MMC,
but ot with CEX resins, indicating that the CEX resins were not saturated within the range of
HCP loads tested in this work. The amount of HCP species positively charged at pH 7, in fact, is
insufficient to occupy enggh binding sites on CEX resins to achi¢ive displacement
phenomenon observed with AEX resifite highernumber ofHCPs Figure 2.8) and 1gG
(Figure 2.7) captured byCapto MMCindicates that this resin features the progressive saturation
of binding site at increasing protein load observed vAthX-based resins, and reaches ligand

saturation within the tested range of protein load.
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Figure 2.10: Overlapping HCPs bound byommercial ion exchange and multimodal
chromatography resins at 10 mg/ifdink), 20 mg/mL(green), and0 mg/mL(blue)load Bound

proteins were determined as proteins that either were identified by LC/MS/MS in the feed but not

in the supernatant samples with wash after static binding with each resin, or alternatively where

the resultig spectral abundance factor was signifisatdwer by ANOVA (U= 0.05) than the

feed. The Aoverl apo, or number of wunique spec
load condition for the range tested(, 20 and 50 mg/mL regirmare shown in theverlapping

regions of the Venn diagrams.

2.2.6 SemiQuantitative Analysis ofi Pr obl emati co HCPs by Traditd.i
Multimodal ChromatographiResins

Semiguantitative analysis of Aprobl emati co H
chromatography resires done fothe depth filersin Section 2.2.3However, in place of the
cumulative spectral abundance fadt®AF), thevalues ofspectral abundana# the varios non
bound supernatant samples obtained at increasing load conditions from the tested resins were

comparedBoth the tabulated ANOVA companon of (i) the SAF post incubati@mong
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different resins at constant loadd (ii) the SAF for a single resin atuaction of load are
summarizedn Table 2.4

By comparing the performanaé the different resinat constant logch number of
problematicHCPs featurea statistically significant difference BAF with lower abundance
observedn the norbound superrtant samples obtained wikEX-based resind hese included
specieknown to degrade mAb product (cathepsin B, legumain, protein disulodesraise A6,
and sialidase 1yxpeciesassociated with high immunogenicity (procollaggsine 2oxoglutarate
5-dioygenase 1 and phospholipase B like protein), and species knowselisteavith the
product of interest from Protein A (nidogénphosphoglyerate mutase 1, sulfated glycoprotein
1, and vimentin) Peptidylprolyl cistransisomeraseva s t he o nil ¢ 0 fispd@iRgh | e ma't
statistically significant difference bindingwhere CEX-based resins afforded better capture
than AEXbased resingollectively, our analysis consistently shows that, with proteins that are
more efficiently bound bby AExXased resinghe resulting spectral abundance factor
significantly increases with higher loads. Thisther suppds the conclusiornthatsaturation of
binding sites on AEX resins is connected to IgG displacement by HCPs, which is not the case

with CEX-based resins.
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Table 24: Semiguantitative compari son of prétethdoado| e ma't
and selected commercial chromatography rediean spectral abundance factor + one standard
deviation (N=3 technical replicates) is reporteddmnd for the six ©iromatography resins tested

(Capto Adhere, Capto Q, Capto DEAE, Capto MMC, Capto S, and CM Sephdpsejral
abundance as a functionlmed was compar ed by foAthNeGssMe resit)with . 0 5 )
variable load, and for the same load with variable resith pv al ues r elpadr t ed

Comparisonpr a | are d@

AResi n Caolmped,i sroenspecti vel

. Accession . Mean SAF Load_
Protein Numb Resin Comparison
Libel 10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.112 +0.0192 | 0.0778 = 0.0694 | 0.0444 +0.0770| 0-356
Capto Q <LOD <LOD 0.133 + 0.00 1
Capto DEAE <LOD <LOD 0.156 +0.0962 | 00212
60S %‘ﬁ;dt'(;r:";%som‘ G3Gu76 |Capto MMC 00222 +0.0385| 0.0778 + 0.0694 <LOD 0.182
Capto S 0.0889 + 0.0770 <LOD 0.122+0.0192 | 0.0409
CM Sepharose 0.183+0.0238 | 0.111+0.0192 | 0.178+0.0385 | 00592
Resin Comparison-p
value 0.001 0.0149 0.0105
Capto Adhee 0.437 £+0.0834 | 0.460 +0.0599 | 0.397 + 0.0687 0.576
Capto Q 0.183 +0.0137 | 0.341+0.0364 | 0.532+0.0687 | 00003
Capto DEAE 0.135 +0.0727 | 0.341 +0.0496 | 0.429+0.0412 | 00018
Actin, cytoplasmic ] ACTB_CRIGR|©@Pto MMC 0.349 +0.0275 | 0.484+0.0496 | 0.540 +0.0727 | 00119
CaptoS 0.421 +0.0765 | 0.302 £+0.0275 | 0.357+0.0238 | 0-0654
CM Sepharose 0.619 £ 0.0906 | 0.476 +0.0630 | 0.563 + 0.0962 0.5
Resin Comparison-p
value 0.001 0.0014 0.0097
Capto Adhere 0.148 + 0.0321 | 0.139 +0.278 0.102 £ 0.0321 0.228
Capto Q 0.241+0.0321 | 0.204+0.0321 | 0.111+0.111 0.139
Capto DEAE 0.231 £0.0578 | 0.167 +0.0481 | 0.204 + 0.0700 0.454
Aldose reductase | » oy iR [Capto MMC 0.11+0.1000 | 0.0556 +0.0481| 0.167 + 0.0556 0.244
related protein 2 -
Capto S 0.111+0.0481 | 0.102+0.0321 | 0.120+0.0642 | 0-993
CM Sepharose 0.181+0.0212 | 0.213+0.0160 | 0.204 +0.0424 0.534
Resin Comparison-p
value 0.0603 0.0012 0.286
Capto Adhere 0.312 + 0.105 0.553  0.111 1.06 + 0.0563 0.0002
Capto Q 0.929 + 0.0614 | 1.04 + 00563 1.16 + 0.0325 0.0043
Capto DEAE 1.17 + 0.0563 1.27 + 0.0959 1.23 + 0.0491 0.294
Alpha-enolase G3lAQo  |Capto MMC 0.851+0.118 | 0.844+0.0810 | 0.908 +0.0123 0.612
Capto S 0.993 +0.0860 | 1.05 0.0535 0.986 + 0.0860 0.567
CM Sepharose 0.968 +0.0451 | 0.787 + 0.087 0.964 +0.0983 | 0.0756
Resin Comparison-p
value <0.0001 <0.0001 0.0003
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Table 2.4(continued).

i Mean SAF Load
Protein ANccesbsmn Resin Comparison
il o= 10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.386 +0.0402 | 0.87 +0.1730 1.40 +0.106 0008
Capto Q 0.105 + 0.182 1.00 £0.115 1.54 £ 0.132 <0.0001
Capto DEAE 0.158+0.0263 | 0.772+0.0846 | 1.32+0.0949 | <0.0001
Cathepsin B G3HoLg |Capto MMC 1.93 + 0.0760 1.82 + 0.209 2.09 * 0.159 0.187
Capto S 1.61 + 0.0662 1.47 + 0.0696 1.73 +0.194 0.118
CM Sepharose 1.50 +0.00 1.33+0.119 1.55 + 0.329 0.504
Resin Comparison-p
value <0.0001 <0.0001 0.0037
Capto Adhere 0.500+0.0601 | 0.674+0.139 | 0.682+0.0787 | 0109
Capto Q 0.636 £ 0.0455 | 0.682 +0.0680 | 0.530+ 0.0473 0.0361
Capto DEAE 0.689 +0.0572 | 0.712 +0.0262 | 0.606 + 0.0731 0.124
Cathepsin D G3l4wy  |Capto MMC 0.833+0.125 | 0.818 +0.118 0.917 £ 0.172 0.671
Capto S 0.621 +0.0798 | 0.788 £+0.0572 | 0.742+0.189 0.236
CM Sepharose 0670+0.112 | 0.705+0.0787 | 0.530+0.139 0.236
Resin Comparisop-
value 0.0109 0.3221 0.0229
Capto Adhere 1.12 + 0.0728 1.41 + 0.187 1.78 + 0.0968 0.0022
Capto Q 0.192 +0.0838 | 0.667 £0.0909 | 0.910 +0.149 0.0006
Capto DEAE 0.288 £+0.0999 | 0.942 +0.185 1.80 = 00987 <0.0001
Clusterin G3HNJ3  |Capto MMC 1.30 £ 0.221 1.19 + 0.0693 1.62 £ 0.116 0.0292
Capto S 1.33 = 0.0666 1.39 £ 0.0588 1.35 + 0.0294 0.4004
CM Sepharose 0.952+0.0408 | 0.872+0.0111 | 0.788+0.0385 | 00061
Resin Comparison-p
value <0.0001 <0.0001 <0.0001
Capto Adhere 0.123+0.110 | 0.193+0.0304 | 0.140+0.132 0.6906
Capto Q 0.298+0.152 | 0.228+0.0304 | 0.298 +0.0304 0.5823
Capto DEAE 0.263 £ 0.241 0.316 + 0.00 0.211 + 0.00 0.6699
Cofilin-1 G3pDm2  |Capto MMC 0.0526 +0.0912| 0.0877 +0.152 | 0.105 + 00912 0.8534
Capto S 0.228+0.0804 | 0.193+0.0608 | 0.211 +0.0526 0.813
CM Sepharose 0.316 + 0.00 0.263 £0.0912 | 0.0702 +0.122 | 0-0679
Resin Comparison-p
value 0.2528 0.0604 0.0655
Capto Adhere 0.131 +00315 | 0.189+0.0215 | 0.271+0.0671 | 00228
Capto Q 0.258 £ 0.0743 | 0.306 +0.0298 | 0.323 + 0.0509 0.3789
Capto DEAE 0.278+0.0515 | 0.371+0.0515 | 0.412 +0.0357 0.0321
E'O”QZ}Eh”afi‘Ctor 1 EF1A1_CRIGRCAPIO MMC 0.182+0.0417 | 0.179+0.0331 | 0.337+00655 | 00115
Capto S 0.306 + 00568 | 0.289+0.0179 | 0.289 +0.0206 0.8063
CM Sepharose 0.490+0.0219 | 0.409+0.0417 | 0.385:+0.0429 | 00759
Resin Comparison-p
value <0.0001 0.333 0.1414
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Table 2.4(continued).

] Accession . Mean SAF Load_
Protein Numb Resin Comparison
oty 10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.207 +0.0115 | 0.320+0.0693 | 0.353+0.0833 | 0.0644
Capto Q 0.233 +0.0115 | 0.340 £0.0000 | 0.280+0.0529 | 0.0165
Capto DEAE 0.080 +0.0000 | 0.253+0.0503 | 0.287+0.0115 | 0.0003
Elongation factor 2|  G3HSL4 |C@P0 MMC 0.193+0.0577 | 0.247+0.1102 | 0.233+0.0416 | 0.6851
Capto S 0.280 +0.0400 | 0.307 +0.0416 | 0.267+0.0611 | 0.6147
CM Sepharose 0.400 +0.0000 | 0.333+0.0416 | 0.320+0.0000 | 00468
Resin Comparison-p
value 0.0002 <0.0001 0.0329
Capto Adhere 0.838+0.2181 | 0.855+0.1412 | 0.590 + 0.0513 0.1368
Capto Q 0.667 +0.1026 | 0.632+0.0824 | 0.624 +0.0783 0.8269
ot Capto DEAE 0.889+0.1958 | 0.974+0.0769 | 0.624 +0.1458 0.0619
ructose
bisptosphate G3l4He  |Capto MMC 0.547 +0.0592 | 0.641+00000 | 0.675+0.0296 | 0.0154
aldolase Capto S 0.650 + 0.0296 | 0.615+0.0256 | 0.581+0.0971 | 04348
CM Sepharose 0.654 +0.0181 | 0.607 +0.0296 | 0.624 + 0.0783 0.654
Resin Comparison-p
value 0.0792 0.0002 0.8211
Capto Adhere 1.013+0.2572 | 1.067 +0.4549 | 0.693 +0.1286 0.3475
Capto Q 0.707+0.0833 | 0.627 +0.0833 | 0.867 +0.0833 0.0319
Capto DEAE 0.947 +£0.3055 | 1.440 +0.2623 | 0.827 +0.1222 0.046
Glutathione $ G3l3ye |Capto MMC 1.227 +0.1665 | 1533+0.3495 | 0.960+0.1442 | 0.0683
transferase P
Capto S 0.867 +0.1617 | 0.880 +0.1058 | 0.907 +0.1007 0.9253
CM Sepharose 0.580 +0.0283 | 0.733+0.0833 | 0.813+0.0231 | 00164
Resin Comparison-p
value 0.0418 0.0056 0.128
Capto Adhere 0.620 + 0.0802 | 0.639+ 0.0735 0.630 + 0.0424 0.9455
Capto Q 0.278+0.0278 | 0.407 +0.0160 | 0.565 + 0.0699 0.0007
o dehvde Capto DEAE 0.324+0.0849 | 0.546 +0.0321 | 0.509 + 0.0699 0.0131
yceraldehydes-
phosphate G3P_CRIGR |Capto MMC 0.324+0.1123 | 0.407 +0.0424 | 0.361+0.0556 | 0-4562
dehydrogenase Capto S 0.380 £+ 0.0699 | 0.30+0.0321 | 0.426+0.0160 | 0-3416
CM Sepharose 0.694 £0.1964 | 0.556 +0.0735 | 0.528=+0.1273 | 0-4003
Resin Comparison-p
value 0.0017 0.0001 0.0079
Capto Adhere 0.113 +0.0757 | 0.093 +0.0115 | 0.660+0.1039 | 0-0001
Capto Q 0.133 +0.102 0.373+0.0702 | 0.860 +0.1442 0.0006
Capto DEAE 0.100+0.0200 | 0.107 +0.0306 | 0.473 +0.0833 0.0002
Legumain G3l1H5  |Capto MMC 0.940 £0.0917 | 0.820+0.0721 | 0.747 +0.1026 0.096
Capto S 0.807 +0.0115 | 0.840 +0.0917 | 0.920 +0.2117 0.5922
CM Sepharose 0.650+ 0.0424 | 0.740+0.0346 | 0.760+0.0529 | 00925
Resin Comparison-p
value <0.0001 <0.0001 0.0137
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Table 2.4(continued).

] Accession . Mean SAF Load_
Protein Numb Resin Comparison
Libel 10 mg/mL 20 mg/mL 50 mg/mL p-value
CaptoAdhere 0.188+0.0278 | 0.236 +0.0545 | 0.279 +0.0105 0.0563
Capto Q 0.073+0.0000 | 0.121+0.0278 | 0.218 +0.0364 0.0014
Capto DEAE 0.024+0.0420 | 0.164 +0.0364 | 0.194 +0.0458 0.0053
Lipoprotein lipase | A0A061IKA1 |C@pPto MMC 0.091+0.0793 | 0.145+0.0481 | 0.145+0.0481 | 0-4851
Capto S 0.158 + 0.0210 | 0.127+0.0182 | 0.145+0.0182 | 0.2295
CM Sepharose 0.218+0.0000 | 0.242+0.0105 | 0.248+0.0105 | 00391
Resin Comparison-p
value 0.0014 0.0035 0.0013
Capto Adhere <LOD 0.034+0.0292 | 0.068 +0.0598 0.18
Capto Q <LOD 0.093+0.0264 | 0.127 +0.0253 0.0008
Capto DEAE <LOD <LOD 0.046 + 0.0407 0.0821
Matrix‘ G3HRK9 Capto MMC <LOD <LOD <LOD 1
metalloproteinasd 9
Capto S 0.042+0.0387 | 0.021+0.0365 | 0.025+0.0219 0.7255
CM Sepharose <LOD <LOD 0.013 + 0.0219 0.5067
Resin Comparison-p
value <0.0001 <0.0001 0.0417
Capto Adhere 0.226 +0.0098 | 0.215+0.0518 | 0.220 + 0.0000 0.9033
Capto Q 0.040+0.0353 | 0.062 +0.0595 | 0.328 +0.0545 0.0008
Capto DEAE 0.017+0.0294 | 0.192+0.0098 | 0.254 +0.0169 | <0.0001
Matrix G3Hsv1 | Capto MMC 0.130+0.0353 | 0.113+0.0196 | 0.266 + 0.0595 0.0077
metalloproteinas®
Capto S 0.379+0.0427 | 0.350+0.0353 | 0.333 +0.0853 0.6554
CM Sepharose 0.229 +0.0599 | 0.322 +0.0777 | 0.345+0.0098 | 0-1598
Resin Comparison-p
value 0.0486 0.0014 0.0069
Capto Adhere 1.682 £0.1203 | 1.697 +0.2503 1.500 + 0.1203 0.3696
Capto Q 1.197 £0.0946 | 1.152+0.1892 | 1.197 +0.1461 0.9118
Capto DEAE 1.894+0.3674 | 2.015+0.0262 | 1.788+0.1721 0.5312
Metiﬁlrllci)g;gtreinase G3IBHo |CaptoMMC 1561 +0.2050 | 1.848+0.0525 | 1.727+0.0455 | 0.0782
Capto S 1.470+0.0262 | 1.682+0.2362 | 1.606 +0.1050 0.2884
CM Sepharose 1.159+0.2250 | 1.076+0.0694 | 1.045+0.0787 | 0-6093
Resin Comparison-p
value 0.0104 <0.0001 <0.0001
Capto Adhere 0.080+0.0193 | 0.101+0.0253 | 0.194+0.0365 | 0.0054
Capto Q 0.021+0.0365 | 0.051+0.0506 | 0.329 +0.0219 0.0001
Capto DEAE 0.025+0.0253 | 0.127 +0.0335 | 0.291 +0.0253 | <0.0001
Nidogen1l G3HWE4 | Capto MMC 0.308 +0.0073 | 0.295+0.0650 | 0.494+0.0633 | 00061
Capto S 0.384+0.0585 | 0.384+0.0512 | 0.346 +0.1077 0.7898
CM Sepharose 0.380 £ 0.0895 | 0.354 +0.0000 | 0.338+0.1483 | 09043
Resin Comparison-p
value <0.0001 <0.0001 0.0189

34



Table 2.4(continued).

] Accession . Mean SAF Loac_j
Protein Nl Resin Comparison
10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.361+0.0241 | 0.417+0.0833 | 0.431+0.0636 | 0-4064
Capto Q 0.431+0.1049 | 0.694+£0.1273 | 0.597 +0.1273 0.09
Capto DEAE 0.403+0.0241 | 0.361+0.1049 | 0.486+0.0636 | 0178
Outatfistprotein | Apape11254 [CaPI0 MMC 0.202+0.0417 | 0.333+0.0000 | 0.306+0.0241 | 0-2519
Capto S 0.542 +0.0417 | 0.486+0.0867 | 0.472+0.0481 | 0.4064
CM Sepharose 0.604+0.0295 | 0.556+0.0241 | 0.542+0.1667 | 08147
Resin Comparison-p
value 0.004 0.0018 0.0424
Capto Adhere 1.431+0.1203 | 1.278+0.0481 | 1.500+0.1102 0.078
Capto Q 1.083+0.0722 | 1.139+0.0867 | 1.097 +0.1879 0.8584
Capto DEAE 1458 £0.0722 | 1.431+0.2055 | 1.250+0.1443 0.2623
Peptidy_}prolyl cis G3H533 Capto MMC <LOD <LOD 0.097 + 0.0867 0.087
trans isomerase
Capto S 0.708+0.0722 | 0.875+0.0417 | 0.819 +0.1203 0.1233
CM Sepharose 0.417 £0.0000 | 0.556 +0.0481 | 0.542+0.1102 | 01977
Resin Comparison-p
value <0.0001 <0.0001 <0.0001
Capto Adhere 0.470+0.1144 | 0.530 +0.1144 0.606 + 0.0525 0.3059
Capto Q 0.788+0.1461 | 0.879+0.0694 | 0.879+0.1144 0.5637
Capto DEAE 0.879+0.1461 | 0.924+0.1050 | 0.879 +0.0525 0.8424
Peroxiredoxinl |PRDX1_CRIGR|C@Pto MMC 0.636+0.0787 | 0.758 +0.0946 | 0.758+0.1050 | 02627
Capto S 0.833+0.1050 | 0.788+0.0946 | 0.909 + 0.0455 0.2902
CM Sepharose 1.182+0.0000 | 0.909+0.1203 | 1.061+0.1837 | 0-1858
Resin Comparison-p
value 0.0006 0.0042 0.0039
Capto Adhere <LOD <LOD 0.200 + 0.000 1
Capto Q <LOD 0.200 +0.0500 0.333+0.0289 | <0.0001
Capto DEAE <LOD <LOD 0.100 + 0.1732 0.4219
Phorsnplr‘tgg'gierate Gaczws |Capto MMC 0.433+0.0289 | 0.500+0.1323 | 0.333+00764 | 0-1521
Capto S 0.183+0.1607 | 0.150 +0.0000 | 0.250 + 0.0866 0.533
CM Sepharose 0.300£0.2121 | 0.150 +0.0000 | 0.400+0.0866 | 0-0937
Resin Comparison-p
value 0.0006 <0.0001 0.0207
Capto Adhere <LOD 0.140+0.0331 | 0.294+0.0201 | <0.0001
Capto Q <LOD 0.215+0.0201 | 0.298+0.0201 | <0.0001
orocolladervaine 2 CaptoDEAE <LOD 0.123+0.0304 | 0.320+0.0725 | 0.0004
rocollagerysine,
oxoglutarate 5 G3lE7  |Capto MMC 0.149+0.0304 | 0.237+0.0132 | 0.351£0.0201 | 00001
dioxygenase 1 Capto S 0.268+ 0.0274 | 0.246+0.0331 | 0.215+0.0304 | 0.1844
CM Sepharose 0.329 £ 0.0744 | 0.289+0.0348 | 0.268+0.0076 | 0-3281
ResinComparison p
value <0.0001 <0.0001 0.0088
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Table 2.4(continued).

: Mean SAF Load
Protein A'\\ﬁ:cesbsmn Resin Comparison
alerEls 10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.167+ 0.0546 0.0118
Capto Q 0.369 +0.0546 | <0.0001
Capto DEAE 0.179 + 0.0619 0.0012
Pyotein disulfide G3HBO4 Capto MMC 0.226 + 0.0206 <0.0001
isomerase A6
Capto S 0.381+0.0412 | 0.357 +0.0945
CM Sepharose
value <0.0001 <0.0001 <0.0001
Capto Adhere 0.232 + 0.0315
Capto Q 0.182+0.0525 | 0.298+0.0747 | 0.0044
_ Capb DEAE 0.136 +0.0455 | 0.152+0.0152 | 0.207 +0.0463
Putative Canto MMC
phospholipase #ike G3I6T1 apto
2 Capto S 0.303+0.0660 | 0.242 +0.0525 | 0.283 +0.0315 0.4045
CM Sepharose 0.318 £0.0758
Resin Comparison-p
value 0.0001 <0.0001 0.0453
Capto Adhere 0.583+0.0618 | 0.692+0.1201 | 0.583 +0.0949 0.3378
Capto Q 0.692+0.1201 | 0.814+0.0444 | 0.769 + 0.0838 0.3048
Capto DEAE 0.705 + 0.1456 0.776 + 00777 0.0348
Pyruvate kinase | G3H3Q1 |Ca@pto MMC 0.519 +0.0999 | 0.660+0.0867 | 0.609+0.1236 | 03173
Capto S 0.571+0.0777 | 0.500+0.0333 | 0.538 +0.0838 0.4954
CM Sepharose 0.763+0.0618 | 0.814+0.1059 | 0-2563
ResinComparison p
value 0.0193 <0.0001 0.0153
Capto Adhere 0.287 +0.0199 | 0.230+0.0995 | 0.3783
Capto Q 0.126 +0.0199 | 0.092 +0.0796 | 0.264+0.0868 | 00481
Capto DEAE 0.207 + 0.0000 | 0.287 +0.0199 | 0.230 +0.0398 0.0214
Ser::’%’ﬂtease G3IBF4  |Capto MMC 0.253 + 0.0868 0.103 +0.0912 | 00322
Capto S 0.230+0.0398 | 0.264 +0.0995 | 0.253 +0.0398 0.8147
CM Sepharose 0.155+0.0244 | 0.184 +0.0398 | 0.276 +0.0912 0.17
Resin Comparison-p
value 0.0059 0.0037 0.1669
Capto Adhere 0.170+0.0339 | 0.163+0.0128 | 0.1294
Capto Q 0.200+0.0222 | 0.185+0.0463 | 0.0003
Capto DEAE 0.281 + 0.0257 <0.0001
Sialidase | BgY440 |Capto MMC
Capto S 0.370 + 0.0714
CM Sepharose 0.344 £0.0471 | 0.281+0.0257 | 0.259 + 0.0128
Resin Comparison-p
value <0.0001 <0.0001 <0.0001
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Table 2.4(continued).

: Mean SAF Load
Protein A[\(j:Ssqsbsé?n Resin Comparison
10 mg/mL 20 mg/mL 50 mg/mL p-value
Capto Adhere 0.543+0.0932 | 1.000 +0.0980 | 0.914 +0.0932 0.0023
Capto Q 0.407 £0.0741 | 0.716+0.1191 | 0.840 +0.1827 0.0182
Capto DEAE 0.531 £0.0214 | 0.951+0.0932 | 1.259+0.0980 | <0.0001
glyfggfgfef?n L G3ilye |Capto MMC 1.457+0.1301 | 1.654+0.0566 | 1.494+0.1069 | 0.1164
Capto S 1.185+0.1335 | 1.309+0.0566 | 1.198+0.1864 0.5137
CM Sepharose 1.204 +£0.3405 | 1.358+0.2601 | 0.97520.5813 0.585
Resin Comparison-p
value <0.0001 <0.0001 0.0865
Carto Adhere 0.037 £ 0.0642 | 0.099 +0.0214 | 0.309 + 0.0283 0.0005
Capto Q 0.025 + 0.0428 <LOD 0.463 +0.0668 | <0.0001
Capto DEAE <LOD <LOD 0.333+0.0556 | <0.0001
Vimentin G3HHR3 |Capto MMC 0.679+0.1799 | 0.531+0.1132 | 0.543 +0.0385 0.3387
Capto S 0.654+0.0835 | 0525+0.0107 | 0.457 +0.0566 0.0164
CM Sepharose 0.463+0.0524 | 0.506 +0.0107 | 0.481+0.0185 | 0-2901
Resin Comparison-p
value <0.0001 <0.0001 0.0004

2.2.7 Gap Analysis of HCP Species

Approaches

with Minimal Removal by Tested Chromatography

Following thecomparison of HCPs bound by various resins, we focused @péuogees

that were not bound by the commercially availazsorbentsipondirect application oéither

untreated or diafilteredell culture harvestNon-boundproteinswere defined as any spes that
do not meetitherone of the two criteria for bound spegiaamelyhaung a statistically lower
in the norbound supernatant or filtrabt®mpared to the feedr beingidentified in both the feed
and the posbinding fraction) for any of the tiérs or ion exchange resins. Capto Adhere and
Capto MMCresins werexcludedrom this analysigjiven the observed high binding of IgGs
likely resuting in insufficient product yieldTheidentifiednon-bound species are presented in

Table 2.5 which repots 68 identified species with no observed significant binding.
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Table 2.5 Non-bound HCP species pestiatic binding to traditional ioexchange resins
(Capto Q, Capto DEAE, Capto S, or CM Sepharose) or adsorptive depth filtration (3M Cuno Zeta
Plus 90ZB o MilliporeSigma X0HC)

Accession Number Protein Description

G3H5D5_CRIGR Acyl-CoA-binding protein

G3HANS8_CRIGR Adenosylhomocysteinase

G3HH30_CRIGR Aldose reductase

ALD2_CRIGR Aldose reductaseelated protein 2
G3IAQO0_CRIGR Alpha-enolase

G3H559_CRIGR Alpha-mannosidase

G3GZZ0_CRIGR Aspartate aminotransferase

B2MG_CRIGR Beta2-microglobulin

AOA06110W7 Brain-specific serine proteaselike protein
G3GYY6_CRIGR Catalase

G3l14W7_CRIGR Cathepsin D

G3GTT2_CRIGR C-C motif chemokine

G3HI29_CRIGR Ceroidlipofuscinosis neuronal protein 5
G3INL9_CRIGR CMP-N-acetylneuraminatbetagalactosamidalpha?2, 3-sialyltransferase
G3IDM2_CRIGR Cofilin-1

G3H705_CRIGR Cystatin

G3HCX3_CRIGR Deoxyribonucleas@-alpha

G3H8F4_CRIGR Dystroglycan

G3HCK9_CRIGR Far upstram elemenbinding protein 2
G3l4H6_CRIGR Fructosebisphosphate aldolase
G3IHH6_CRIGR Fumarylacetoacetase

G3H7B3_CRIGR Galectin

LEG1_CRIGR Galectinl

G6PI_CRIGR Glucose6-phosphate isomerase
G3IKN5_CRIGR Glutathione Sransferase omegh
G3I3Y6_CRIR GlutathioneS-transferase P

G3HLK3_CRIGR Granulins

G3IAI6_CRIGR Heme oxygenase 1

AOAO061IFF1 Heterogeneous nuclear ribonucleoprotein Al
HPRT_CRIGR Hypoxanthineguanine phosphoribosyltransferase
G3I5N6_CRIGR Insulin-like growth factorbinding proteird
G3H6I5_CRIGR Interleukinl receptoilike 1

G3HU51_CRIGR Isocitrate dehydrogenase [NADP]
G3HGW6_CRIGR Laminin subunit alph&

G3HEV3_CRIGR Latenttransforming growth factor betsinding protein 1
G31255_CRIGR L-lactate dehydrogenase

G3HDQ2_CRIGR Malate dehydrogenase

G3IBHO_CRIGR Metalloproteinase inhibitor 1
G3HGM6_CRIGR N(4)-(BetaN-acetylglucosaminyl)-asparaginase
G3GRS9 CRIGR N-acetylgalactosamin@-sulfatase
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Table 2.5(continued).

Accession Number

ProteinDescription

G3HBD3_CRIGR
G3HBD4_CRIGR
G3HKBO_CRIGR
PPIA_CRIGR
PRDX1_CRIGR
AOA061I7R6
AOA061HYZ1
G3GU60_CRIGR
PGK1_CRIGR
G3HA54_CRIGR
G3HXL1_CRIGR
AOA061ICG7
AOA0611JG8
G3IDN7_CRIGR
G3H3Q1_CRIGR
G314D4_CRIGR
G3H8C9_CRIGR
G3IBF4_CRIGR
G3IDD4_CRIGR
AOA0611013
G3IIB1_CRIGR
G3GUV4_CRIGR
G3I1Y9_CRIGR
G3H716_CRIGR
AOA0611JP1
G31216_CRIGR
G3HS88_CRIGR
G3GWQ1 CRIGR

Nucleosia diphosphate kinase

Nucleoside diphosphate kinase

Peptidytprolyl cistrans isomerase
Peptidytprolyl cistrans isomerase A
Peroxiredoxinl

Peroxiredoxin2

Peroxiredoxin6-like protein
Phosphatidylethanolamir@nding protein 1
Phosphoglycerate kinase 1

Plasminogen activator inhibitor 1
Poly(RC)binding protein 1

Polypeptide Nacetylgalactosaminyltransferase
Prostaglandin reductasdike protein

Protein FAM3C

Pyruvate kinase

Ribonuclease T2

Semaphorir3B

Serineprotease HTRAL

Serpin H1

SH3 domairbinding glutamic acidrich-like protein
Sialate Gacetylesterase

Stromelysin2

Sulfated glycoprotein 1

Sulfhydryl oxidase

Triosephosphate isomerase

Triosephosphate isomerase
Ubiquitin-conjugating enzyme E2 N (Fragment)
Vinculin

Species identified as ndyound include highly abundant species i thodelcell culture
harvestsuch as ribonuclease T2;@motif cytokine, bet&-microglobulin, and galectid,
togetherwitha number of k n o wnacrésp all thiegrapsaGroupc! BICPH C P s
(Protein A ceeluting) incluce aldose reductaselated protm 2, alphaenolase, cofilinl,
fructosebisphosphate aldolase, metalloproteinase inhibitor 1, and peptalyl cis-trans

isomeraseGroup Il (mAbdegrading) HCPscludecathepsin D, pyruvate kinase, and serine
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protease HTRAL, and Group Il (highly imumogenic) speciesacludeperoxiredoxinl and
glutathione dransferase Prhisindicates thaadditional stonary phases are needed to more
effectively scrub HCPs from clarified cell culture harvest prior to{aindelute stationary
phases less spedfthan Protein A, or even when Protein A is in use but results in challenging
residual species. More effeat\HCP capture technology would most certainly be required to
enable only flowthrough or continuous unit operations.
2.3  Conclusions

Straightthrough pocessing and improved product polishing in the purification of
biotherapeutics require establishing a ngueification paradigm and robust analytical
approaches. We have established that application of clarified harvest to selected common resins
and degh filters in flow-through mode does not provide sufficient clearance of HCPs,
particularly problematic spegs, to enable a straigtitrough approach to 1gG purification.
Through qualitative comparison of bound and unbound HCP species monitored byua shotg
proteomics approach, in addition to seqnantitative tracking of known problematic HCPs, we
have shown tt using typical commercial technologies for HCP capture, we are unlikely to be
able to achieve the minimum 3 LRV typically for parenteral druget& of 68 unique HCP
species identified in the CHS cell culture harvest used as a model system for méduption
in mammalian cell culture were observed to have no significant decrease in spectral abundance
after adsorption by commercial technologith minimal IgG product binding (i.e. adsorptive
depth filters and IEX resins). If was further shown thatimal benefit was observed in flew
through binding with CEX resins tested, with a small number of HCPs identified as bound. Only

modest improvemenn peptidytprolyl cis-transisomerase was observed from binding with the
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CEX resins, but the differencetleen the spectral abundance psistic binding and that of the
feed was not significanMaterials and Methods
2.3.1 Materials

Chinese hamster ovary IHD) cell lines were selected as our model system to obtain
typical HCP profiles found biotherapeutics proess$CHQGS cell culture harvest was donated
by the Biomanufacturing Training and Education Center (BTEC) at North Carolina State
University, and wasultured according to their standard procedure for expansion and production
of the CHGS wild-type (WT) cellline. Briefly, the CHOcell culture bulk fluid (CCBFjas
fromanull CHGS celllinegr own in CD CHO AGTE medium with 4
pluronic F68. The cultures weréd 5% daily with CD CHO Feed A from daysl8. The
cultures are also supplemted with 0.1% AntClumping Agent to prevent cell aggregatiofhe
cell line, mediun, feed, glutamine, pluronic F68, and atitimping agent were manufactured by
Life Technologies. Antifoam C (Sigmaldrich) wasadded at 10 ppm to prevent foaming in the
bioreactorCD CHO AGTE medium contains no proteins
plant, or synthetic origin, as well as no undefined lysates or hydrolySdtescell culture
process was operated at a set pH of 7.0 + 0.30, 37.0°C, and 50.0 % dissglyen
concentration. Pogiroduction, the CHES harvest was clarified via centrifatgon at 8,000 x g
for 30 min. The supernatant was then 0.2um filtered over a PES membrane using VWR Full
Assembly BottleTop.
2.3.2 Methods
2.3.2.1HCP Clearance by Adsorptive Deffiitration

Millipore Millistak+ pPod 23 cridepth filters were obtained from MillipdBégma

(Darmstadt, Germany) and Cuno Zeta Plus BC25 90ZB, 2% apsule filters were obtained
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from 3M (Maplewood, MN). Depth filters were flushed with deionized watethmser
manufacturerods recommendations (165230miLatwat er
520 LMH for the XOHC filter) CHO-S supernatant wasgpplied o the filters at ~15@00LMH
delivered by aMasterFlex Easy Load peristaltic pump. The void volaheater in the filter
was discarded, then filtrate fractions were collected at aoinfitx at 50 L/n% increments from
01 200 L/n?.
2.3.2.2Static Binding of HCP by Commercial lon Exchange and Multimodal Ligands

Clarified cell culture harvest was concentratgdaldactor of ~4X (~1.6 mg/mL host cell
protein) then diafiltered into 20 mM sodiunihpsphate, 50 mM sodium chloride, pH d€ing
Macrosep Advance 3kDa MWCO Centrifugal Devices (Pall, Ann Arbor, MI). For experiments
requiring the presence of the targatdletule, the resulting diafiltered harvest was then spiked
with 0.6 mg/mL Human IgG (&uitech Bio, Inc., Kerrville, TX). Common commercial
chromatography resins used in protein purification were tested under equilibrium binding
conditions at low conductity, and included: Capto Adhere, Capto MMC, Capto Q, Capto
DEAE, Capto S, and Capto CMhich were generously provided by GE Life Sciences
(Marlborough, MA). Resins were aliquoted into 6mL solid phase extraction (SPE) tubes at 50 or
100 pL settled resin yome, and washed with 5 column volumes (CVs) 25 N&HPQy4, 20
mM NaCl, pH 70. Resinswvere then incubated with tlwencentrated andiafiltered CHOS
harvest for 30 min on a rotator at HCP loads of 10, 20, and 50 mg HCP/mL resin and the
resulting liquid fow-through was collected.
2.3.2.3Host Cell Protein Bulk Characterization

Total protein concentration for samples-med posttreatment were measured by

Bradford assay using a Pierce Coomassie Plus (Bradford) Assay Kit (Thermo Fisher, Rockford,
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IL) at a dilution factor of 4. SDF AGE was performed using20% TGX MinFPROTEAN
Gels run at 200V for 335 min and stained with BiSafe Coomassie Stain prior to imaging
(Bio-Rad, Hercules, CA). Isoelectric focusing (IEF) was performed as recommended using
Novex pH 310 IEF Protein Gels and Buffer Kit (Life Technologies, Carlsbad). SAmples
were concentrated ~5X with Amicon Uk@a5 mL 3kDa spin filters (EMD Millipore,
Darmstadt, Germany) prior to IEF for protein visualization. fétesttrophoresis, gels were fixed
in 12% trichloroacetic acid (BDH, Sanborn, NY) and stained with&ife Coomassie Stain.
2.3.2.4Proteomic Analysis

Concentrated, diafiltered CHO harvest and flothrough samples were prepared for
proteomic analysis by filteaided sample preparation with a difeed trypsin digest adapted
from the met hod d&iersdcaworkemsidn bhef, hosVced prateen was
denaturedn 5mM dithiothreitol at 56°C for 30 min. The samples were theshed twice with 8
M urea, 0.1 M tris HCI solution in 3 kDa MWCO Amicon Ultra 0.5 mL spin filters (EMD
Millipore, Darmstadt, Germany). Samples were then alkylated with 0.05 M iodoacetamide a
room temperature for 20 min. After washing again with 8 M urdalMdtris HCI followed by 50
mM ammonium bicarbonate, samples were trypsinized overnight with 15 pg/mL sequencing
grade modified trypsin at 37°C. Finally, samples were washed again wittd 8@mmonium
bicarbonate prior to LAAS analysisFASP digest samplesere diluted by a factor of 12 in
0.1% formic acid and mixed with 33.3 nM trypsiigested bovine serum albumin used as an
internal standard for quantification.

Chromatographic separatiofithe FASP digested samples was performed using an
EASY-nLC 1000 Thermo Fisher Scientific, San Jose, CA) with a 25 cm x 100 pm PicoTip

emmiter column (New Objective, Woburn, MA) packed with Repr@ail 120 C18AQ, 3 um
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resin (Dr. Maisch GmbHAmmerbuchEntringen Germany. Samples were loaded as 15 pL
injections and mteins were separated by a 120 min linear gradient at 300 nL/min of mobile
phase AQ.1% Formic Acid) andnobile phase B (0.1% Formic Acidn acetonitrilg@ from 571

40% mobile phase B. AnrBitrap Elite (Thermo Scientific, Waltham, MA) was operated as
follows: positive ion mode, acquisitiérfull scan (m/z 400 2000), 60,000 resolution, MS/MS
by top 5 data dependent acquisition mode with 35 normalized collision energy (NCE} higher
energy ollisional dissociation (HCD) acquisition.

Raw LGMS data was prassed using Proteome Discoverer 1.4.1.14. Searching was
performed with a 10 ppm precursor mass tolerance and 0.01 Da fragment tolerance with the
Cricetus griseusubset of the UniProtKB/Swa&Prot database with added sequence data for
bovine albumin (acquisition ID P02769). The search settings were specific for trypsin digesting
with a maximum of 1 missed cleavage. Specified modifications included dynamic meghioni
oxidation and static cysine carbamidomethylation. Identifications were filtered to a strict
protein false detection rate (FDR) of 1% and relaxed false detection rate of 5% using the
Percolator node in Proteome Discoverer.

Relative quantification wasalculated by a normalizedtensitybased absolute
guantification (iBAQ) for each protein, where the total precursor intensity was normalized to the
trypsinized BSA internal standard total precursor intensity, then divided by the theoretical
number of tryptic peptides for the proteiquantified. This method of lab&ke quantification has
previously been shown to be superior to spectral coutisgd methods in a hetwhead
comparison for estimation of protein concentratithté Theoretical isoelectric point (pl) and
grand aveage of hydropathy (GRAVY) are calculated based on the sequence of each identified

protein as a model for empirical isoelectric point and hydrophobicity respectively, in addition to
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calculation of molecular weight (MW). Theoretical pl and MW were caledlasing the
ExPASYy Bioinfomatics Resource Portal Compute pl/Mw t§oGRAVY values were
calculated using the GRAVY Calculatddeveloped by ®phan Fuchs atniversity of
Greifswald

Proteins were considered as identified in the feed stream if the sum total of the spectral
count reported by Proteome Discoverer across three technical replicates was greater than or
equal to 4.For all ANOVA compaisons described below, ANOVAs were performed using JMP
Prol4For qualitative bound protein analysis, pr
filter if one of two criteria was met: (i) the protein species was ideniifi¢e feed stream, but
no spectral count was detected in the feed, or (iisffextral abundance factor (SAF) across
sample replicates (three biological replicates for chromatography resins and three technical
replicates for depth filters) was statistiy lower by ANOVAanalys ( U=0. 05) than t
feed stream. SAF was calculated as showiEqguation 2.1 Venn diagrams of overlapping
bound proteins were created using the Venn Diagramrafist JMP Pro 14.
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Equation 2.1 Spectral Abundane Factor (SAF), where SpC = spectral count of protéatected
by labetfree proteomics experiment, and MW is the molecular weight of protein

Semiguantitative analysis of Aprobl emati co H
performed byANOVA comparisornof spectral abundance of each protein species post
adsorption as a function of load, throughput, or adsorbent. For depth filtration, ANOVA

comparison of Aproblematicd HCPs as a functio
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rather tha for each indiidual sample, to simulate the abundance of the pooled filtrate at 200
L/m?. Cumulative SAF was calculated as showEduation 2.2

i} ... _B®m “Yd}O
00AGO0 0 O——
Bw

Equation 2.2 Cumulative SAFwhere SAFis the sgctral abundance factor of proteji/: is
the filtrate volume at throughput fractibrand SAk is the spectral abundance factor of protein
in throughput fraction.
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CHAPTER 3. DEVELOPMENT OF MULTIPLEXED FLUORESCENT SCREENING

TOOLS TO IDENTIFY PEP TIDE LIGAN D CANDIDATES FOR HCP BINDING

*Excerpts from: (1) Bosari, S. S.; Omary, M.; Lavoie, A.; Prodromou, R.; Day, K.; Menegatti, S.;
SanMiguel, Adriana. Affordable Microfluidic Bea8orting Platform for Automated Selection of
Porous Particles Functioized withBioactive Compounds. Sci. Rgp19 9: 7210%. (2) Lavoie,

R. A.; di Fazio, A.; Dranschak, J.; Kreipke, R.; Miu, P.; Zou, B.; Carbonell, R. G.; Menegatti, S.
Multiplexed Competitive Screening of GBeadOneComponent Combinatorial Peptide
Libraries by ClonePix Zolony SorterIn Preparation.®*

3.1 Introduction

Screening of combinatorial ofadone-component (OBOC) solighase peptide
libraries have found numerous applications in biorecognition applications, including
identification of affinity ligands for purification of biomoleculé$24265 diagnosticiinaging
66,67 and drug discovery applicatioffs due tocompatibility with a broad $ef combinatorial
components (i.e. nenatural amino acids, peptoids, cyclic constructs, €% A number of
approaches and instrumentatimave been introduced to iease throughput and decrease to
occurrence of false positives selected from these screenings, from the development and
improvement of selection criteria for the COPAS Flow Pilot systert?8and the Pickoscreen
confocal nanoscanning and baaidking platform (CONAY’, to bead blot approaché&%
improvements to reduce interference from-specific binding’>’% and development of low
cost automation systems for screening of OBOP libsdry widefield fluorescene microscopy
25 While these efforteave demonstrated drastic impements in throughput and effectiveness
of solid phase screening approaches, current techniques often are intended to screen specifically
for binding affinity without consideration of selectivity in competitive binding cooilét. This
criterionis partcularly important for applications where the target molecule is at low
concentration relative to other species in the starting material. Additionally, development of

negative or flowthrough chromatography ligands, where a rowle is enriched through doe
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binding of the impurities, requires species that both (i) bind to the impurities and (ii) do not bind
to the target molecule to identify ligands that allow for high yield enrichment of the target
molecule.

To address this ®el, this work sought to screéor selective ligands for flosthrough
chromatography applications using a multiplexed fluorescence screening approach to identify
candidates from a limited OBOC library that simultaneously showed binding to a set of protein
impurities and lack of bindoto the molecule to be enrichédsuite of tools was developed to
accomplish this goal, depending on throughput requirem@ntsmodel system comprised host
cell proteins (HCPs) from a null (i.e. ngnoducing) Chinese hamster ovary (CHO) clarified cell
culture harvest that modelled production conditions for therapeutic monoclonal antibodies
labeled collectively with an amireactive fluorescent tag, and polyclonal human IgG labeled
with a separate fluorescent tag with minimal spectral overlap. Wiailegé of this simultaneous
positive/negative pick criteria increases the overall complexity of the system and results in
inability to use multichannel approaches to minimize sigoraloise ratio as discussed by
Hintersteineet al.?8, negative chromatographpplications where the species to be capture are
quiet diverse and there is a stringent criteria for lack of binding to the taayecule forced a
more lenient approach towards the presence of false poskwekwer throughput systems, we
thus designe a strategy for manually sorting beads intend8l plates for subsequent
multiplexed screening, in addition to automated ima@eessing tools to determine key
characteristics for each bead. We then increased throughput via development of a microfluidic
device in collaboration with the Sawtiguel lab to automate image processing and bead sorting

in a one sorted at a time fashidrhese systems allowed high flexibility and implementation of
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this multiplexed sorting approach with existing equipment, anenpial for implementation with
a wide variety of detection methods.

As the wide variability in autofluorescence from OBOC Iri@s has been well
documented, a strategy for bead selection based on the fluorescence distribution of all beads,
where it was Jpothesized that outliers in the average fluorescent bead intensity distribution (i.e.
beads that existed above the geometriampeould be designated as protbound in an
unbiased library screening. While approaches that image and sort one beatedike tihe
COPAS systemmanual screening, and the microfluidic device described akowle not be
suitable for this type ofpproach, ensemble imaging of OBOC libraries and subsequent selection
of beads with increased fluorescent intensity compardtetoeimaining population has been
successfully demonstrated by Heusermeinal.2® This impressive, lowcost system to select
beads using widéeld fluorescence microscopy allows for hiiroughput bead selection,
however bead picking in this system currently requires operator intervention. To further
supp! e meastimagethiicsk i appr oach e mptlaldyteisdworby Heuserr
adapted a ClonePix 2 colony picker (Molecular Devices, Sunnyvale, CA) to fully automate the
bead picking process with minitn@perator intervention. The distinct separation of the beads in
this approach further allowed for individual image characteoraf beads screened with
spatial separation to minimize interference in intensity measurements from near neighbors,
enablingthe establishment of populatidrased sorting criteria that can be imposed after imaging
of the entire data set is complete. Saween the OBOC library, the beads were first incubated
with labeled HCPs and IgG, then washed and cast into a methylcelalesd semsolid

matrix, then imaged and picked based on gate criteria set up for the full population screened.
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This enabled disbution-driven thresholding of the full ensemble of beads that accounts for the
specific library, conditions, and fluoresceags$ in use.
3.1.1 Manual Multiplexed Fluorescence Screening

Initial work to develop the multiplexed fluorescent screening approashpedormed
through manual sorting and imaging of OBOC peptide library beads incubated with a
fluorescently labeled target, anchorroverlapping labeled competitor species. For this work, the
target for binding were HCPs from CHéased monoclonal produeti cultures, so to create a
labeled population to simulate this set of proteins;mauucing CHGS cells were cultured
under onditions similar to a CHO mAb production cultutide resulting harvest was clarified
by centrifugation and 0.22 um filtratiothen the resulting clarified harvest proteins were label
with a red fluorecent label, Alexa Fluor BJAF596-HCP). To simulatethe highly abundant
mADb products, polyclonal human IgG was fluorescently labeled with a green fluorescent label,
Alexa Fluor 48 (AF488-IgG), to act as the competitor species.

To determine whether differences in bead ligands could be distinguished when
multiplexed by fluorescence, HWRGWVGSG and a combinatoriatbeaelonecomponent
peptide librarywith 4 combinatorial positias (XXXXGSG)synthesizean ChemMatrix
HMBA as described by Lavoa al”3was incubated with AF59BICP and A4881gG in
phosphate buffered saline, pH 7.4, 0.1% Tween 20 {PB%he spent protein solution was then
removed, and the library beads washed thoroughly with PERads were then imaged by
fluorescence microscopy 260 nm excitation30nm emissionntensityto image AF596HCP,
and480 nm excitation/510 nm emissioriensity to image AF488G and results shown in

Figure 3.1were compared qualitatively.
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(A) (B) (C)

(D) (E) (F)

Figure 3.1  Fluorescence imaging of HWRGWVGSG beads and OPgfiige library beads
synthesizedm HMBA ChemMatrix resin and incubated with AF4R#5 (green) and AF596G

(red). Panels (A), (B), and (C) show the combinatorial library imaged at 480 nm Ex/510 nm Em
(green) 560 nm Ex/630 nm Erfred) and as an compileaiverlay of both imagegespectiely.

Panels (D), (E), and (F) show the HWRGWVGSG single ligand imaged at 480 nm Ex/ 510 nm
Em (green), 560 nm Ex/630 nm Em (red), and as a compiled overlay of both images, respectively.

From this qualitative analysis, aealr difference in the distributiaf fluorescence of a
single ligand was observed compared to the library. Furthermore, in comparing library imaging
in panels (A) and (B), beadgere observethat appeared to fluoresce in one channel but not the
other, irdicating binding of the target, boot thecompetitor, or vice versa.

To further test this strategy Jimited tetrameric (XXXXGSG)pnebeadonecomponent

peptide library (~300 beads from a biased peptide library comprising ~11,000 possible
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peptide$®) wasincubated with a 4:1 solution of AF488G:AF5%-HCP in phosphate buffered
saline, pH 7.4 with 0.1% Twee® ZPBST) overnight, as detailed iprior work®. The protein

solution was then removed, and the beads wasglgedously with PBST, and beadwere

deposited one bead per well in a2Wéll plateand imaged individually with both

excitation/emission channels. To compare bead fluorescence profiles, images were processed in
MATLAB to determine the average and maximum intensity in each fluorescameh The

MATLAB script used to determine theserpmeters is available lippendix B Maximum
fluorescence for the 480 nm Ex/510 nm Em (IgG) channel compared to the 560 nm Ex/630 nm
Em (HCP) channel, as shownRkigure 3.2 While average fluorescence waported, maximum
fluorescence was used as theestibn criteria for beads based on prior work by Maeamif?,

who determined that false positikesults could be minimized by selection of beads with an
intense fAhal o0 appear anc eThreshalds weregimplementedah i g h

IgG max fluorescence <25@hd Max HCP Fluorescence >5000.
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Figure 3.2  Fluorescence characteristiof XXXXGSG-HMBA ChemMatrix OBOC peptide

library incubated with AF5961CP and AF488gG. The maximum fluorescence for the 480 nm
Ex/510 nm Em fluorescence channel (AF486) is plotted against the 560 nm Ex/630 nm Em
(HCP) maximum fluorescence to allowr felection of beads that bind only HCP (high HCP max
fluorescence) and not IgG (low IgG max fluorescence). Average fluorescence in each channel was
also indicated, wherthe size of the bubble indicates the relative average HCP fluorescence, and
the colorindicates the average IgG fluorescence.

To verify that the selected high maximum intensity beads were a result of a halo
appearance and not an image artefact, images of selected beads were manually inspected, along
with radial intensity plots as shownkigure 3.3to ensure that fluorescence maxima existed at

the outer perimeter of the bead radius.
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Figure 3.3 Example radial fluorescent intensity plot for multiplexed fluorescence screening of
OBOC peptide 1| i br ar ychatadesiglicsforedéctiod & flser pesitivesi h al o 0
shown, where a local maximum occurs at the bead perimeter.

The resulting selected beads from this work were then sequenced by LC/MS/MS and the
peptide candidates evaluated as described in de@Hapter 4°. Successfuidentification of
HCP-selective ligandfrom this small subset of screened beads Vbtaimed as shown below,
indicating that the multiplexed fluorescent screening approach could be successfully
implemented. This preliminary work was the basis of further development of the microfluidic
beadsorting platform and the ClonePix 2 multiplexedoilescence screening apach described

in sections 3.1.2 and 3.1.3.
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3.1.2 Multiplexed Fluorescence Screening by Microfluidic B&adting Platform
3.1.2.1Results and Discussion
3.1.2.1.1 Diverse Fluorescence Patterns for Protein Binding Detection

In prior studies?*%254.7¢ PEGbased ChemMatrix resin has been successfully utilized as a
substrate for the synthesis and screening of-gtlase peptide libraries against target proteins
for theselection of peptidediands. In this context, however, the small pore diameter of
ChemMatrix resin has been shown to limit protein diffusion through the bead, resulting in a
proteinrich corona o r whdsawidthalecreases with the molecular weidhhe proteir?>.
When fluorescently labeled targets are utilized, this translates in-éikeaftuorescence pattern;
in theory,smaller proteins produce a diffuse halo, while larger ones produced a narrow halo. To
replicate this effect, a number of fluorescent bead classes were prepared, either by conjugating
different aminereactive fluorophores.€., Texas Red NHS and FC) onto aminomethyl
ChemMatrix beads or by adsorbing fluorescently labeled streptavidin or strepieomigated
proteins of different molecular weight onto biethemMatrix beadsHigure 3.4). Specifically,
severclasses of bels were prepared, namel@lass 1, homogeneous onld fluorescence,
prepared by conjugating amineactive Texas Red to aminomethyl ChemMatrix beads; Class 2,
homogeneous greamly fluorescence, prepared by reacting Fluorescein isothiocyanate (FITC)
with aminomethyl ChemMatrikeads; Class 3, homogeneous dualgextn fluorescence,
prepared using both Texas Red and Fluorescein; Class 4, broad haledfilyorescence,
prepared by adsorbing r&treptavidin (MW ~ 56 kDa) onto bioti@hemMatrix beads; Idss 5,
medium halo onlyred fluorescence, prepared by adsorfiegas Redabeled StreptavidiBSA
conjugates (MW ~ 118 kDa) onto biotithemMatrix beads; Class 6, narrow halo erdgl

fluorescence, prepared by adsorbirexas Redabeled StreptavidWAD (MW ~ 202 kDa)

55



conjugats onto biotinChemMatrix beads; and Class 7, broad halo-gnéen fluorescence,

prepared by adsorbing gre&itreptavidin (MW ~ 56 kDa) onto bioti@hemMatrix beads.

® NH2 @ Texas Red @ FITC @ Biotin Streptavidin @ Streptavidin+BSA 0 Streptavidin+AD
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Unlabeled Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7
Figure 3.4. Various classes of beads with different flourescence profiles. Beadsse<ks
exhibit homogeneoufluorescencepatterns in green, red, and green/red. Class 4 and 7 were
prepared by adsorbing red and green Streptavidin onto biotin beads producthydicopattern
in red and green channel respectively. Classesvére prepaed by adsorbing re8treptavidin
BSA and reeStreptavidinrAD onto biotin beads producing medium and narrow halo pattern
respectively. The scale bar is 20@1. Contrast has bee mdid in the Unlabeled class image for
visibility.
3.1.2.1.2 Flexible Automated Detgon, Analysis, and Sorting of Beads

To enableautomated bead selection and sorting, we developed customized algorithms to
detect the presence of a bead, to exiraagebased desiptive metrics required for
classification, ando sort the bead according the criteria provided by the operator into a
positive line to the collection receptacle or a negative line to be disc&ead selection was
based orfi) radial distribution dfluorescence, (ii) fluorescence intensity, and (ifferenceof
color lvs.color 2 intensities. Radial distribution of fluorescence depends on the diffusion of the
target biomolecule through the be-bkeradadand t hus

distribution can be utilized as a criterion of choice when screegamst large protein targets,

so that beads showing a homogeneous fluorescence distribution are discarded as false positives.
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Fluorescence intensity correlates to the abilityhef peptides carried by the bead to effectively
capture the target biomoleeyithus, selection of beads carrying high intensity promotes the
selection of peptides with high binding strength. Finally differenceof intensitiesn two
colors,is utilizedfor selection of ligands with high binding selectivikyibrary selections
performed in ficompet i tincubaingdhe lalkledtdargetrpetéin with eh a t
myriad of other protein impuritiessommunallylabeled orthogonally to the tartge.g, using
fluorescence dyes with nasverlapping emission wavelengthagcordingly, the selection of
beads carrying only the desired label ensures capture specificity. To demonstrate the full
potential of our technology, we sorted the beads fronliliheay mimetic according to various
fluorescence patterns and intensit&@sywing that the device is capable of unsupervised bead
sorting with high accuracy in response to criteria set by the user.

Screening the peptide library using the microfluididfplen comprises a series of tasks
performed in a loop. Throughout the pragesn/oftchip valves are utilized twap single beads
in the imagingzoneand sort them as positive or negative based on the selection criteria. The first
step involves loadingraindividual bead to the imagirmpne Eigure 3.5, Top left); in this step,
the beads are withdrawn from the suspension and flown through the device, while keeping the
loadingand positive outlets valves closed, and the negative amteimagingvalve open.
Importantly, the valves used in this system are onlgedqartially, tustrapping beads while
allowing fluid toflow throughclosed valves. As the fluid flows through the imagmoge the
algorithm is constantly acquirirend analyzingrames from the camera to detect the presence of
a bead. Detecting a ket&riggers theecond step, where th@aging, loadingand positive outlet
valves are closed, and the bead is retained in the imaging Figure 35, Top middle) A

second image ithenacquired to ensurhie presencef a beadn the imagingzone This image
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is fed toanimage processing algoriththat segments the bead adracts variouslescriptive

metrics The system then determines whether the bead is positive by comparing these metrics
with the thresholds input by the operator. If the bead issasdeas negatiyéheloadingvalve

opens and allows the bead to be expelled through negative outlet, while flow through positive
outlet is stopped by both on and off cligdves EFigure 3.5, Top right) Off-chip pinch valves

are used in both positive andgative outletso ensure the flow is completely stoppéd.

mentioned earlier, collection of positive beads can be performed in two different modes, either
by transferring individual beads to single wells in a 96 well plate or by collecting them imbulk

a common flak (Figure 3.5, Bottom right and left). When operating in bulk collection mode,

once a positive bead is detected, the negative outlet valves (on agpdfare closed while the
positive outlet valves and the loading valve open, allowhegoead to flowoward the flask. The
incoming fluid from the reservoir containing the bead suspension is sufficient to direct the bead
to the collection flask. When operating in single bead collection mode, once a positive bead is
detected, the systempsogrammed to pese the operation and ask the operator for permission to
continue. As the positive outlet tube is placed in the designated well, upon receiving permission
to continue by the operator, the system opens the positive outlets and the lohgisg va

allowing the bead to travel to the collection well with the flow provided by the flush stream.

With this set up, were able to perform sorting at a speed of up to 125 beads/hr (~3.5 times faster

than a trained operator)
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Loading bead in imaging zone Image acquisition and analysis Discarding negative bead
No

Is any bead ﬁ»
loaded?

Is the bead

positive?
Yes
No BHIK Yes -
separation? i’
Ed = B
Retrieving positive bead Retrieving positive bead

| =» Flow direction 3 No Flow |€= Check valve % Open pinch valve %% Closed pinch vaIveI
Figure 35.  Screening process flowchart. &is are flown through the device while the loading
valve is closed and the imaging valve open. Once a bead is detected in the imaging zone, the
imaging valve closes trapping the bead. If the bead is assessed to be ndgatoaing valve
will open up ad allow the bead to flow through the negative outlet. If the bead is assessed to be
positive, the negative outlet valve closes and the positive outlet valve opens while the loading
valve opens and allows the bead to flowotlgh the positive outlet.

3.1.2.13 Sorting and Detection Validation

Several tests wemgerformedo evaluate théead sortingiccuracy and precision of the
systemusing fluorescently labeled beads of Clags71 Library mimeticdepicting different
screening scemi@s were pepared by mixing kes of one class, considered as positive, with a
combination obeads from other classes. In every experiment, a different library mimetic was
suspended in PBS at a density-@fbeads/mland maintained under gentle agitattorprevent
aggregation. Beadsere fedat a rate of2.5beads/minThe beads conforming to the set
selection criteria were sorted as positive, and subsequently antdyzddulatethe yieldand

accuracyof the sorting process, respectively definedadi® rof positive beads collect®s.
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positive beads fed and ratio of positive beads collectgdtal beads collected in the positive
flask.
3.1.2.1.3.1 Sorting Beads with Homogenous Fluorescence Patterns

We first processed beads with unifohigh-intensityfluorescence patterns eithera
single (redonly or greeronly) or dual (red and greeadlor (Figure 3.4). In the first test, beads
with uniform redonly fluorescence (Class 1) warsed as the positivset andmixed with
untreated ChemMatrix beads and greaity fluorescent beads (Class&®) negativeshe
established the positive selection criterion basethe 98 p er cent i |l e of the bea
the red channelandthe®per cent i |l e of the beadBemdsi ntensity
exhibitingvaluesabove 0.5n normalized reathannel 9t percentile and below 0if
normalized green channel'®percentile were considered positivégure 3.6 a, b. These
threshold values were established based on preliminary images acquired from each bead class
and analyzed to identify distitice features. Using these thresholds, we were able to retrieve 17
out of the 18 positive beads initially present in the reservoir flask (~ 95% yweid§ all 17
beads wereonfirmed as positivendicating 100% accuracy.

The second test aimed to soells with greenly homogeneous fluorescence (Class 2)
from a mixtue of Class 2, Class 1, and unlabeled beads. For this test, beads with norm&lized 90
percentile pixel intensity higher than 0.5 in the green channel and normali2eer@entile
pixel intensity lower than 0.2 in red channel were considered posiigere 3.6 ¢, d). Using
these thresholds, we retrieved 53 out of 57 initial positive beads (~ 93% giekb3 beads were
confirmed as positiv€l00% accuracy)The third test aimed to itaie beads carrying dual red
green fluorescence (Class 3) from atumig of Class 3, Class 2, and unlabeled beads. Beads

were considered positive when thé"g@rcentileof pixel intensity in the red and green channels
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was above 0.5 and 0.4, respectivi@ligure 3.6 e, ). As a result, 48 positive beads and 1 false

positive were retrieved out of 51 positive beads fed to the sorting device (~ 94% yield rate and ~

98% accuracy).
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Figure 3.6: Detection and sorting of beads with homogeneous fluorescencepatie,e) Dot

plot of samples screened with the goabofting class 1,2, and 3 beads respectively. The values

for decision hyperplanes (lines) were established based on preliminary data acquired for each class.

The purple point in figure (c) occurredealto having class 1 and class 2 beads entering the ignagin

zone together. Both beads were sorted as negative. b,d,f) Bar plots of the platform performance

in sorting class 1,2, and 3 beads respectivel

beads added to the fI e tfué’postives coNeeted Rt¢he outlee v e d 0
I he

ask.
AfFal se Positiveo and AFal se Negativeo are t

312132 Sorting Be aedike Fuardsdencé Ratelno o
We then sought to evaluate trepability of this platform to sort beads with more
complexfluorescence patterns. The homogeneous fluorescence distribution initially utilized is

representativef library screening against small protein targets, which can easily diffuse through
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the poreof the library beads and be captured by the ligands gesgtaroughouthe entire
radius of the beadn contrast prior work by theCamperigroup?® on seceening ChemMatrix
based peptide libraries indicates that, due to diffusion limitations, larger target proteins
effectively penetrate only the outokke corona o
fluorescence pattern, potentially accompanied bgréscing spots randomly distributed
throughout the beadrigure 3.4). Accordingly, additional tests were designed to assess the
sorting of beads with beads with hdike fluorescence pattern.
We first sought to separate Class 6 (narrow halo) beads fraimtare of Class 6, Class
4 (broad halo), Class(broad halagreenonly), and unlabeled beads. To distinguish beads with
subtler fluorescence patterns, a more complex set of parameters was. &geafically, to be

accepted as positive, a bead oughteet three criteria:
a>015 ., - & 9, &1

8. = (Mer' 9Og]r)
er Mer

- (Meg' 90{3‘9)

Meg
90, =90" percentile pixel intensity of entibead in green chanr
9agh =90" percentile pixel intensity of entibead inred channel
Meg =Maximum pixel intensity of entire bead green channel
Mer =Maximum pixel intensity of entire bead fed channel

eq

Where@andgmeasure the fluorescence hogogeneit
a n dgnuthbers indicate homogenous distribution of fluorescence within the bead, svherea
|l ar ger wan dyietcatoa widétangebetween the maximum pixefalue and th@o™"
percentile. These threshold values were chosen based on preliminary analyses conducted on

images acquired from beads of Class 4,and 7
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Figure 3.7:  Capability of platform in sorting haliuorescence patterns. a,c) The 3D plot of

samples screened to sort class 6 and 5 beads respeclivelyalues for decision hyperplanes
(surfaces) were established based on preliminary data acquired for each,d)ab® bar plot of

the platform perfamance in sorting class 6 and 5 beads respectiieR.osi t i ve Added?o
known number of positive beads added to the
positives coll ected eat atnilde Ad-wtl Iset .Nef&tadi sryee 0 P @
incorrectly. e) Unsupervised-Kean clustering of data extracted from images taken from class 5

and 6 beads. ~30 beads from each class were imaged and procddsedrdund truth labels for

points used in thainsupervised Knean clustering. Thedabeled data were used to calculate

the accuracy of unsupervised clustering of data points acquired from class 5 and 6 beads.

As a result, 21 positive beads and 3 false positives were retrieved out of 24 posits/e bead
fed to the sorting device B7.3% yield). Considering that 3 beasisrted as false positivere
obtained a 87.%% accuracy)Figure 3.7 a, b).The presence of false positive and false negative
beads is imputed to the variability inherent to profeptide binding. In some instances, beads
of Class 6 did not exhibit a halike pattern, likely due theterogeneousoresizedistribution

throughthe beadFalse positives and falseegatives camlsooccur if two beads enter the
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imagingzonetogether,a result ofaggregation or simple proximity in the flow. When two or

more beads of different classes enter the imagmoge the algorithm inevitablgorts them as

either positive or negative, correspondingly resulting in false positive or false negatiuggsort

However, our data suggests the error caused by these phenomena is only a minor occurrence.
As a final experiment, we aimed to sort Class &dse(medium halo rednly

fluorescence) from a mixture of Class 5, Class 4 (broad halontgl] Clas3 (broad halogreen

only), and unlabeled beads. Similar to the previous test, three criteria were defined to identify

positive beads with nomniform paterns:

anr>0.15 .8 -@ 9 90 &1

- h
oy =M )
2 = (Mog- 90%)

07 Moy

90, =90" percentile pixel intensity of entibead in green channel
90, =90" percentile pixel intensity of beadster ing in green chann

90h =90" percentile pixel intensity of beadwster ring in red channel
Mog =Maximum pixel intensity of bead's outeéng in green channel
Mor =Maximum pixel intensity of bead's @itring in red channel

By applying these thresholds, we were able to retrieve 30 out of 33 positive beads fed to
the sortilg device (~ 91% yield), with 4 false positives and 2 false negativ@®/faccuracy)
(Figure 3.7 c, 0.

We performed a detailed statistical arssdyaiming to find metrics that would enable
sorting of beads from Classes 5 and 6, which exhibit comparaldlehd noruniform
fluorescence patterns. Specifically, Class 5 beads are labeled with a red Streptinvidim
conjugate and exhibit neumifor m f | uor escence pattern through 1
partial halo on the corona; Class 6 beads ardddbwith a red Streptavidialcohol

Dehydrogenase conjugate and exhibit a strong fluorescent halo atattmafluorescence in the
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bead 6 #itiatlyp 3 Hescriptive metrics were extracted frothiBages acquired from Class
5 and 6 beads, and areas clustering was performed using the two metrics that showed the
largest difference between Class 5 and 6 beads, namely the normalfizest@8tile pixel in
the red channel and the normalized' @@rcentile pixel of nofright segment of bedd the ed
channelFigure 3.7 e, ). To extract these metrics, the bead was segmented in regions of high
and low brightness. To detect regions of higlgliness, a local first order statistic threshold was
used with decreased sensitivibyvard the bright foregund (in comparison to that used for
entire bead detection). Regioofslow brightness were detectbyg subtractinghe mask for
bright segments frorthe mask othewhole bead. Based on results of then€ars clustering
analysis, dyperplanevas specifid to differentiate between the Class 5 and 6 beads. The
clusters obtained from unsupervised sorting were compared with thedatzh to assess the
accuracy(Number of beads correctly classified/Total number of beafd$le K-meansbased
clustering. Thé comparison indicated that these groups can be discerned with a ~ 87% accuracy,
which accounted for the ndromogeneities assiated with fluorescence patterns emerging
within the samples prepared. There were instances where distinguishing these ®godass
not possible even by visual inspection performed by a trained operator.

Collectively, these tests demonstrated the lfllexcapabilities of this platform in
detecting and sorting beads based in various fluorescence intensities and patterngripglisc
populations with either uniform or more complex fluorescence patterns, this system proved fit
for automategdunbiased seening of peptide libraries against different protein targets for the

identification of synthetic bioactive compounds.
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3.1.2.2Conclusims

Screening combinatorial peptide libraries using fluorescdrased readouts is a powerful
approach for theentificationof proteinbinding peptides. With solighase libraries, in
particular, which feature peptides conjugated on porous beads, flexocedetectionof the
beads following capture of thabeledprotein target i successful approach for higiroughput
screenng of combinatorial solighhase libraried®>?4 Despite its succesmanual seening is
extremely labotintensive and commercial devices for automated screening are likely
unaffordable to academic labs.this work, we developedlaw-cost accessiblplatform for
automatedscreening of soligphase peptide libraries that integrdtdsscale microfluidics and
microscopy with usefriendly software that enables unsupervised bead imaging and sorting. The
device, which can process 1080 beadger hour, was tested to evaluate yield and accuracy of
automated bead sortinghis setup ws successfully able to handle beads of various size {~100
300) and flexible enough to detect and sort beads with differeneficence patterito this end,
we utilizedsevenclasses of beads featuring different patterns of fluorescence labeling that mimi
the appearance of library beads screened against protein targets with different sxerdge
yield and accuracwyf positve beads recovered by the device from mixtures of different classes
was found to b&2% and 94% respectivelyarticularly encaaging was the recovery of beads
with complex fluorescence patterns, which affordé28% yield and ~88% accuracy. Notably,
theacquisition of the metrics needed to perform the bead sortingnsapervisedspecifically,
two bead patterns.€., nonhomayeneous and halike) were produced using labeled proteins of
different molecular weight, automatically acquired, and sucdgsstilized to recover positive
beads from both classes. This demonstrates that the device provides an unbiaséieost

andaccessiblalternativewith high sensitivity and specificityp commercial equipment for
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fluorescencébased screeninghis platform achieved high accuracy and yields in sorting beads
without the need for images to be acquired using confocal miggsitoaddition, as a

microfluidic platform, multiple devices and setups can be assembled in a relatively short period
of time.

This platform can be integrated with other analytical instruments as well as systems that
enhance the decisiamaking algorithms. Nonfluorescence readouts include radioactivity and
Raman spectroscopy; the latter is particularly attractive, for it ddegquire labeling of the
target, which can interfere with binding specificity. Further, image processing and pattern
recognition can be carried out using machiearning algorithms that woulchprovethe
accuracy of the decisions made during sortingegreting these supervised machiearning
algorithms would lead to detecting more subtle and complicated patterns occurring throughout
screening a library of peptideBhe throughput of this platforiwan also be improved by
implementing parallel devicegsultaneously or by increasing the concentration of beads in the
suspension flown through the device.
3.1.2.3Methods
3.1.23.1 Device Fabrication

The microfluidic platform was fabricated by traditional photolithography followed by
soft lithography. Negative photoresist 82150 was spun at 1460 rpm to achieve a feature
height of 400mm (Figure 3.8d). Soft bake was carried diair 10and 90 minuteat 65°C and
95°C, respectively. The wafer was then exposed to UV faght4 seconds using a UXUB 3
mask aligner. The moldas then further baked at 65°C and 95°C for 5 and 30 minutes
respectively to ensure complete criaking of exposed regions. 8dithography was

performed in two steps since-chip valves require a more flexible material for proper
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operation. First, ¢hin PDMS layer at a 20:1 ratio of polymer to crisker was poured and
cured for 20 minutes at 80°C. A second thick PDMS layer10:1 ratio of polymer to cress

linker was then poured on the mold and cured for 2 hours at 80°C.

a)

Bead inlet Imaging valve

Pressure box «— Imaging zone )
Negative

outlet valve

Positive
outlet valve

Negative outlet
Loading valve

Positive outlet

Figure 3.8:  Microfluidic device for automated screening of bioactive compounds. a) Schematic
of experimental setup. b) Photograph of the microfluidatfprm. c) Device schematic. Beads
enter the device through the bead inlet and are trapped in the imaging zonely vaves.

Beads are then directed to positive or negative outlets depending on their fluorescence profile. d)
The width and length ofmaging zone is 350 um while the height is 400 um. The PDMS membrane
separating flow and valve channels is 140 um. The scalis hacm.

3.1.2.3.2 Preparation of Fluorescently Labeled Beads

Beads were prepared to feature two different fluorescence profiles, nasnsbgéneous
and flikeadistdbations, as described by Marani et®aBeads with homogeneous
fluorescence were prepared by labeling ChemMatrix aminomethyl beads with Texas Red NHS
ester, fluorescein isothiocyante (FIT©},both; to this end, 50 mg ChemMatrix dry resin was
swollen in 1 ml 0.1 M sodium bicarbonate, pH 83,1 hour at room temperature and incubated
with 50 pl of 2 mg/mL fluorescent dye solution in dimethyl sulfoxide (DMSO) in dark, for 1
hour at room teiperature under gentle agitation. After incubation, the dye solution was removed
and the beads were wastoroughly with 0.1% Tween 20 in phosphate buffered saline (PBS),
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pH 7.4 (PBST) for storage and to remove unreacted fluorescent dye. Beads fehtiohige
beads were produced using proteins with a range of molecular weights. To this end, biotin was
initially conjugated onto ChemMatrix aminomethyl beads by incubating the resin with a 1
mg/mL solution of biotin and 2mg/mL-Ethyl-3-(3-dimethylaminopopyl)carbodiimide (EDC)
in 0.1 M MES, pH 4.6, to achieve a ratio of 1 mg biotin:2 mg EDC:100 mg resig,Hours
under gentle agitation at room temperature. Meanwhile, high purity bovine serum albumin (BSA,
66 kDa) and alcohol dehydrogenase (AD, 150 kibee dissolved at 2 mg/ml in phosphate
buffered saline and conjugated to streptavidin (53kDa) using\NXLRapid Streptavidin
conjugation kit. The streptavidiconjugated proteins were then fluorescently labeled with Texas
Red NHS ester. Briefly, 10 uL streptavidinconjugated protein was dissolved at 2 mg/ml in
0.1 M sodium bicarbonate, pH 8.3, and mixath 1 puL of 10 mg/mL solution of Texas Red
NHS dye in DMSO under gentle agitation for 1 hour, lighdtected at room temperature. The
unreacted dye as removed by diafiltration against PBSFor labeled proteHvead interactions,
20 pL of the labeledtseptavidin and protein conjugates was incubated whhuPsettled
volume of biotinylated beads for at least 1 hour-8tQ@.
3.1.2.3.3 Experimental Setup

In this study, beads are sorted based on their fluorescence intensity or pattern in both red
and green chamts. Simultaneous dual color fluorescence microscopy was performed using a
LEICA DMi8 inverted microscope connected to a Hamamatsu-O&eamera equipgd with
two chargecoupled devices (CCDs) enabling simultaneous microscopy in wavelengths of
interest. he ChemMatrix beads used in this study tend to aggregate in solution, leading to
clogging of the microfluidic platform and sorting errors (false passiinegatives). To prevent

aggregation, beads were maintained in a diluted suspension in PBS buffee&§tisQoer 80 ml)

69



and gently stirred on an orbital shaker throughout the duration of the sorting cydkipOn
valves were filled and degassed with &bflycerol solution with a similar refractive index as
PDMS, which improves image quality the vicinity of the valvesA custombuilt pressure box
equipped with pressuregulators was used to drive fluid flow in the tubing and device. Valve
operations s controlled by a custeaeveloped MATLAB Graphical User Interface (GUI).
3.1.2.34 Image Processing

To automatehe sorting process in an unbiased and quantitative manner, covigidar
algorithms were implemented to detect bead presence in the imaging za&saifd it as
negative or positive based on the criteria provided by the operator. Bead detectianrigds c
out by a custom developed MATLAB algorithm that identifies the presence of beads in the
channel independently of bead size or fluorescence ityeBgad detection begins by
converting the raw grayscale image to a binarized image using a lotaldies statistic
threshold. The background noise detected in the binarized image is eliminated by removing
objects smaller than 100 pixels. The imagéhien dilated and filled to 4®onstruct the bead
structure. To further refine the mask, the imagepsned, eroded, and dilated to smooth the bead
shape. We integrated this algorithm with the live image acquisition setup where the presence of
each incormg bead was detected. Once the bead is detected and isolated in the imaging zone, a
second image procgiag algorithm extracts the image intensity profile using the mask previously
generated. Various metrics such as mean intensity, max intensity, yietisgercentile, and
different combinations of these metrics are extracted. The values extractethissaigorithm
are normalized by converting the-b pixel value range from 0 (black095(white) to O
(black)1 (white). Positive beads are detecéed isolated based on the values of these metrics.

In this study, more than 20 metrics were extracte@éch bead. Depending on the pattern of
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interest, a combination of two or three metrics is used as criteria for the identification and sorting
of positve beads.
3.1.3 Multiplexed Fluorescence Screening by ClonePix 2 Colony Sorter
3.1.3.1Results and Discussion

To denonstrate a multiplexed approach for identifying ligands with selective binding in
competitive conditions from a combinatorial library, Chinese hamstely{CHO) host cell
proteins (HCPs) were used as a model set of target proteins in the presence-&dld éxcess
of polyclonal IgG binding competitor, as evaluated in previous Wofkhis model system
allowed for the identification species of peptides that selectively bind HCP impurities as
compared to IgG for design of stationary phases that enablecptiafi of therapeutic
monoclonal antibodies by flothrough chromatography. Peptide candidates for H&inding
ligands were screening from a nonameric combinatorial OBOP library with six combinatorial
positionsand a GlycineSerineGlycine Gterminal spacer (XX2-X3-Xs-Xs5-Xe-G-S-G), where
X represents an equal probability of any of the following amino acidsoleucine (1), alanine
(A), glycine (G), tyrosine (Y), aspartate (D), histidine (H), arginine (Rjnby (K), serine (S),
and Glutamine (Q). A limited library (~400,000 beads with 1,000,000 possible sequences) was
synthesized as previously descriBé# using a splitcouplerecombine approachi on
ChemMatrix HMBA to enable uncoupled sidkain deprotection and peptide cleavage, allowing
for on-bead screening as described byrataet al. 23 After deprotection of the amino acid side
chains and thorough washing of the librand equilibation in 50 mM sodium phosphate, 150
mM sodium chloride, pH 7.4 with 0.1% Tween 20 to minimize-apecific binding, a mixture
of the following was incubated with a small fraction of beads (~24000 beads, 0.1 mL settled

volume) overnight to abw saturation CHO HCPs fluorescently labeled with Alexa Fluor 546
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NHS Ester amingeactive label and polyclonal human IgG labeled with Alexa Fluor 488 NHS
Ester amingeactive label in the equilibration buffer. After incubation, the beads were washed
with the equilibbation buffer to remove residual and weakly bound proteins, then the wash buffer
was removed and the beads were gently suspended in 1X CloneMatHsddieihmnedia w/ 50

mM sodium phosphate, 150 mM sodium chloride, pH 7.4 + 0.1% Tween 20aseim 6well
polystyrene plates at a volume of ~3 mL per well for plLGettled volume per plate, resulting

in 20-25 beads deposited per well. The plates were incubated@tf@&73-12 hours to cure the
semisolid matrix, then imaged by fluorescencermscopy ontte ClonePix 2 instrument using

the FITC and Rhodamine filter lines to detect Alexa Fluor 488 and Alexa Fluor 546 respectively
as shown irFigure 3.9. The ClonePix 2 colony picker was developed by Molecular Devices to
facilitate highthroughputscreening omammalian cells podtansfection as a replacement for
resourceantensive limiting dilution screening, where a population of transfected cells are diluted
heavily such that there is reasonable assurance that when aliquoted into cultu(®lates
384well), cells would be deposited one bead per well, ensuring a subsequent population of cells
derived from a single transfection clone (i.e. clonal population). On the ClonePix 2 system, cells
are diluted and then cast into cell culture mediargo a serasolid state through combination

with concentrated, methylcellulof@ased semsolid matrix. The result of incubating these plates

in growth-promoting conditions are clonal, immobilized colonies of cells that can be imaged and
picked by ClonPix 2. The deision to adapt this instrument for OBOC screening was based on
(1) ability to fully automate imaging and bead picking, (ii) minimal required modifications to the
standard ClonePix 2 system, as the size of the screened beads 800Q0n diameter) is

within the typical size range of picked colonies, (iii) casting the beads in CloneMatrix solution is

intended to immobilize the beads while simulating solution conditions in the storage buffer. The
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imaging processing software for the ClonePix&wlevelopetb identify key features for
colonies of cells that form in the CloneMatrix sesoniid matrix, many of which overlap with
features sought for identifying beads, including morphological features such as axis ratio and
compactness to describedagiate imagéeatures based on circularity in addition to fluorescence
features such as maximum and average fluorescent intensities.

To ensure the CloneMatrix did not interfere with peptide sequencing by LC/MS/MS,
beads carrying a known sequence (HWRGW\B}#ere sequeced preand posicasting in
CloneMatrix, with no substantial differences observed (see Supplemental Information). In
addition to the library beads, a negative control sequence (GSGSGSGSG), known to our lab to
have minimal interaction with ghproteins irthis work, was also synthesized on ChemMatrix

HMBA and incubated with the fluorescent proteins as a negative control.

- (8)

Figure 39: Fluorescence imaging by ClonePix 2 of unbiased combinatorial linear peptide
library on ChemMatrix HMBA resinfger incubaton with fluorescently tagged IgG and CF8O

HCP. In panel (A) library is imaged with ClonePix 2 FITC filter to visualize beads bound to IgG
tagged with AlexaFluor 488, and panel (B) is the same plate imaged with ClonePix 2 Rhodamine
filter to visualize beasl bound to CHO HCP tagged with AlexaFluor 546

To select for HCPpecific peptide species, we established gates for maximum allowable

Alexa Fluor 488 intensity and minimum Alexa Fluor 546 intensity detected, a measure of IgG
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and HCP bound, resptively. Thee pick gates were based on the distribution of interior mean
fluorescent intensity, shown Figure 3.10(A), using the ClonePix 2 imaging software, where

interior mean intensity is defined as the arithmetic mean within the detected bead\\&liu

initially beads were excluded when they exceeded the interior mean intensity gate for Alexa

Fluor 488 (i.e. were identified as lgi@nding) at the geometric mean of all beads imaged

(geometric mean = 2417.7, rounded to 2500). ChemMatrix HMBA residsb&how intnsic
fluorescence in this range (arithmetic mean of GSGSGSGSG negative control beads was
measured at 755.6 + 380.0), leading togher exclusion gate criteridan distinguish IgGound

beads from bare beads. Of the beads remaining aftebilgfing gathg, asecondary criterion

was set based on the bead radius to exclude visible features on the plates that were unlikely to be

beads oincluded multiple but undistinguished beads.

150 (A) M (B)

{hﬂﬂ”ﬂhﬂﬂ%{ﬂﬁkﬂﬂ%ﬁ — - UTHHEUH%E o0 w0

0 5000 10000 15000 20000 25000
Interior Mean Intensity - AlexaFluor 488 Interior Mean Intensity - AlexaFluor 546

Figure 3.10: Distribution of interior mean intensities for a onéeadonecompound
combinatorial peptide library incubated with Alexa Fluor 4&8eled polyclonal human IgG and
Alexa Fluor 546labeled CHGS host cell proteins. Panel (A) shows interior mean fluorescent
intensity with the ClonePix BITC filter at 800 ms exposute detect the labeled IgG, while Panel

(B) shows detected distribution from the ClonePix 2 Rhodamine filter at 500 ms exposure for HCP
detection. Interior mean intensities were calculated from imaging data collected byntief &l

2 software for all imagéeatures not excluded as irregular by the software algorithm.

For detection of HCBound beads, the geometric mean for interior mean intensity from
imaging with the ClonePix 2 Rhodamine filter (detection of Alexa Fluorl&héled HCPs) was

measured at @21 (sed-igure 3.10(B)) with an arithmetic mean of 40749158.1 for
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GSGSGSGSG negative control bedaswever in this case the gate criteria was set loosely at
exclusion of beads withnanterior mean intensity < 100 for emmated bead picking. This

ensued prioritization of sequencing based on fluorescent intensity features with minimal loss of
potentially valuable beads, with further gating using the geometric mean of HCP intensity from
the library at 620 imposed peatitanated bead picking. All beadslscted for automated

picking by the ClonePix 2 system were transferred one bead per well #telQ@lates pre

loaded with phosphate buffered saline.

Plate transfer efficiency (% occupied wells of the total number of beads deposited) was
measured by ieging the resulting 9@ell plates postlepositing with a Molecular Devices GSI
FL fluorescent imager to determine whether each well used during beatypias occupied,
and additionally percentage of occupied wells that had more than one bead deparsited
monitored. The plate transfer efficiency was calculated at# 5%9% with 14%t 16% of
occupied wells carrying more than one bead, however thesens for improvement in bead
transfer through further optimization of procedures for curing the-selidimatrix to generate a
more rigid support during picking, or by further optimizing the bead aspiration and depositing
parameters.

The resulting lead calidate beads for specific binding of HCPs compared to the full
limited library screened are shownhkigure 3.11, where the highlighted upper left quadrant
indicate beads that met both the HCP intensity criteria (> 620) and 1gG intensity criteria (< 2500)
resulting in 79 positive beads of 1189 total békel features detected (6.6% positive hits). The
lead beads from this work were subsequently sequenced and HCP specificity further
characterized as described in prior w6tkwhere it was observed that groups of peptides with

consensus characteristics (multipolar sequences and hydrophobic positive sequences) as
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determined from sequences from these beads showed specific host cell protein capture with

minimal captue of IgG.
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Figure 3.11: 1gG Interior Mean Intensity vs. HCP Interior Mean Intensity of limited library of
X1-X2-X3-X4-X5-Xe-G-S-G OBOC peptidelibrary incubated with Alexa Fluor 488beled
polyclonal IgG and Alexa Fluor 54lébeled CHGS clarified harvet host cell proteins. The pick
gates at < 2500 FITC interior mean intensity for IgG and > 620 Rhodamine interior mean intensity
for HCP, are repesented by the green and red reference lines, respectively. The highlighted region
in the top left quadrant peesents lead HGBpecific bead candidates.

Throughput-infagepi the &Stmategy i s heavily 1|in

for selecthg positive beads, where in this workflow, the bottleneck for throughput is total
number of beads to pick aspmsed to total number of beads in the library screened. While the
ClonePix 2 instrument is capable of picking beads on the order of 200 pbsitisie picked per
hour’®, the gate cteria applied to our system (resulting in 6.6% positive beads picked) would
allow for > 3,000 total beads screened per hour when considerimggalé imaged rather than
individual beads picked.
3.1.3.2Materials and Methods
3.13.21 Materials

For peptide synthesis and defection, Toyopearl AFRmino-650M resin for secondary

screening synthesis, triisopropylsilane (TIPS), aneethanedithiol (EDT) were obtainém
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MilliporeSigma ( St .-dimMethwfarnsamideMOMF), dicBlg&xgmethaNed , N O
(DCM), methanol, and Nnethyl2-pyrrolidone (NMP) were obtained from Fisher Chemical
(Hampton, NH, USA). Fluorenylmethoxycarbonfffmoc) protected amino acids Fm&ay -

OH, FmoeSer(But}OH, Fmoelle-OH, FmocAla-OH, FmoePheOH, FmoeTyr(But)-OH,
FmocAsp(OtBu}OH, FmoeHis(Trt)-OH, FmoeArg(Pbf)}OH, FmoeLys(Boc)OH, Fmoe
Asn(TrtrOH, and FmoeGlu(OtBu)}OH in addition to 7Azabenzotriazoll-yloxy)tripyrrolidino-
phosmonium hexafluorophosphate (HATU), diisopropylethylamine (DIPEA), piperidine, and
trifluoroacetic acid (TFA) wee obtained from Chesimpex International (Wood Dale, IL,

USA).

3.1.3.2.2 Methods
3.1.3.2.2.1 Solid Phase Peptide Synthesis and Deprotection

Solid phase peptide syntiie was used for generation of both the solid phase peptide
libraries and the solid phase HWRGWVGSG and GSGS&SCGontrols. The synthesis and
sequencing procedures were performed according to a protocol from Meaeghtti and
adapted for the construction of linear peptides. OBOP libraries fbead fluorescence
screening were synthesized GhemMatrix HMBA resin (loading = 0.6 mmol amine/g resin) for
the peptide libraries. Synthesis for all resins was performed on a Syro Il automated parallel
peptide synthesizer (Biotage). Aliquots of 100 mg of resin were swelled for 20 min in DMF at
40°C with intermediate vortexing. Couplings were performed atta 3-fold molar excess of
Fmocprotected amino acids and HATU, and-Bolsl molar excess of DIPEA solubilized in
NMP relative to reactive sites on the resin. The coupling reaction was perfardt&€dor 20
min with agitation by intermediate vortexing. Each coupling reaction was performed 3 to 4 times
per cycle prior to Fmoc deprotection to maximize reaction completion. For deprotection, resins
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were first washed four times with DMF, then incuddiain 20% piperidine for 20 min at room
temperature with agitation by intermediate vortexing, followed by an additional wash step as
described above. All sequences were synthesized witteen@inal glycineserineglycine
(GSQG) tall to act as a nereactive spacer between the peptide sequence and the base matrix.
Combinatorial hexameric (xXX2-X3-X4-X5-X6-G-S-G) peptide libraries were synthesized as
OBOC libraries using the spiitouplerecombine method. Combinatorial positions were
composed of equal ratios of isoleucing @lanine (A), glycine (G), tyrosine (), aspartate (D),
histidine (H), arginine (R), lysine (K), serine (S), and glutamine (Q).-&wdé deprotection for
both combinatorial libraries and controls was performed by washing resins five times with ~10
mL DMF, then washing the resins with ~10 mL DCM and drying the resin with compressed
nitrogen until the resin dried to a fine powdei5(8mes). A cocktail of 94% TFA, 1% EDT, 3%
TIPS, and 2% deionized water was then incubated with the resin (6 ml deprotecttail per
100 mg resin) on a rotator at room temperature for 2 h. Resins were washed three to five times
first with DMF then 20% methanol and stored in 20% methanciBat2
3.1.3.2.2.2 Fluorescent Labeling of IgG and CH®HCPs

The deprotected library and caoltresins were washed three times in 50 mM sodium
phosphate, 150 mM sodium chloride, pH 7.4 (PBS) at 5X the settled resin volume to equilibrate.
HCP-AF596 or HCPAF546 and IgGAF488 were diluted in 50 mM sodium phosphate, 150 mM
sodium chloride, 0.2% TweepH 7.4 for a final concentration of ~1.3 mg/ml %488, ~0.58
mg/ml HCRAF546 or HCPAF596, 50 mM sodium phosphate, 150 mM sodium chloride, 0.1%
Tween 20 and mixed with the washed, equilibrated library and incubategf@t @ ernight.
After incubation the excess protein solution was removed and the resin beads were washed with

50 mM sodium phosphate, 150 mM sodium chloride, 0.1% Tween 20, pH 7.4T(PBS
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3.1.3.2.2.3 Fluorescence Screening of Solid Phase Peptide Libraries Against IgG aneéSCHO
HCPs

The deprotectetibrary and control resins were washed three times in 50 mM sodium
phosphate, 150 mM sodium chloride, pH 7.4 (PBS) at 5X the settled resin volume to equilibrate.
HCP-AF596 or HCPAF546 and IgGAF488 were diluted in 50 mM sodium phosphate, 150 mM
sodium cloride, 0.2% Tween, pH 7.4 for a final concentration of ~1.3 mg/miA§@88, ~0.58
mg/ml HCRAF546 or HCPAF596, 50 mM sodium phosphate, 150 mM sodium chloride, 0.1%
Tween 20 and mixed with the washed, equilibrated library and incubate®f@ @ ernight
After incubation, the excess protein solution was removed and the resin beads were washed with

50 mM sodium phosphate, 150 mM sodium chloride, 0.1% Tween 20, pH 7.4T(PBS

A ClonePix 2 colony picker was used for fluorescent imaging of incubated dig@nd
controls in collaboration with Molecular Devices in Sunnyvale, CA. After library incubation
with fluorescently tagged proteins and washed as described above, they were suspended in a
semisolid matrix to accommodate imaging and picking. The sstid matrix was prepared
from two parts Molecular Devices CloneMatrix and three parts 83.3 mM sodium phosphate, 250
mM NacCl, 0.17% Tween 20 to generate a matrix with buffer conditions similar to the protein
binding condition used with 1X CloneMatrix. Appioxately 5 to 10 pL settled volume of
incubated library was gently incorporated into the matrix solution, then evenly aliquoted across a
6-well plate. The plates were then incubated at 37°C-fil8 Bours to cure the matrix. Plates
were imaged using the GlePix FITC (800 ms exposure, 128 LED intensity) and Rhod (500 ms,
128 LED intensity) laser lines to monitor the presence of Alexa Fluor 488 and Alexa Fluor 546,
respectively. Due to slight autofluorescence of the ChemMatrix beads under the FITC fitter, bea
|l ocation (i . e. ClonePix 2 run APrime Configur
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intensity from the FITC filter. Beads were picked for further processing based on the following
characteristics using the ClonePix 2: FITC interior mean intensig08,Rhod interior mean
intensity > 100, 0.0%5 0.25 mm radius. Picking was performed in suspension mode, with 20 pL
aspiration volume to pick up the bead, and a 60 pL expel volume, where excess volume above
the aspirated liquid was water. Picked beadeWweather gated at > 620 Rhod interior mean

intensity for subsequent sequencing.
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CHAPTER 4. TARGETED CA PTURE OF CHINESE HAMSTER OVARY HOST CELL

PROTEINS: PEPTIDE LIGAND DISCOVERY

*Excerpt fromLavoie, R.A.; di Fazio, A.; Blackburn, R.K.; Goshe, M.B.; Carbonell, R.G,;
Menegatti, S. Targeted Capture of Chinese Hamster Ovary Host Cell ProteinglePeigiand
Discovery. Int. J. Mol. Sci. 2019, 20, 1729

4.1  Introduction

The effective removal of host cell peins (HCP¥from mammalian cell culture
supernatants is a crucial issue in the manufacturing of biopharmaceuticals for human therapy.
While general guidelines point to a maximum allowable HCP content in the final formulation of
a biotherapeutic at <100 pp™, this measure does not fully capture the complexity of the
resi dual HCP profile and its potenti al i mpact
impurities stem frona varietyof risk factors, including (i) an immunogenic response from
repeated exposure to low concentration HCPs present in drugs administered o{®(iiime
reduced therapeutic efficacy caused by prothecind impurities’, and (iii) low shekHlife of the
therapeutic product caused by l@ancentration proteolytic enzyes presernh the final
formulation’®. Current biomanufacturing practicegugres theemoval of 3 to 5 logs of HCP for
antibody production, where the initial HCP content in the cell culture fluid is on the order of 100
mg HCP/g product. The wide variety in composition, abundance, structure, and function of
HCPs, together with thvariabilty between cell lines, processes, and production batches, makes
their capture a critical challeng&?982,

In the manufacturing of therapeutic monoclonal antibodies (mAbs), the majority of HCP
impurities (>90%Y is removed at the product capture step, which currently relies on either
affinity chromatography, mainly Protein%, or alternatively ion exchand&or multimodal

chromatography®. This step is performed in birahd-elute mode, where the mAb product is
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retained and nebinding impurities flow through, thus achieving both impurity removal and
concentration of the target product. Process and product impurities not remtvedapture
step are typically cleared in subsequent polishing steps, operdedieibindandelute or flow
through modes. In flovthrough mode, the adsorbent features a broad specificity to allow for the
capture of not only the HCP species, but atb@ioimpurities and contaminants such as DNA,
leached Protein A, and mediacomportes . A number of HAprobl emat i c
identified in the context of mADb polishing, including (i) prodbciund species (e.g., nidogén
secreted protein acidic andstginerich (SPARC) protein, clusteriif>3*42 (ii) species that co
elute with mAb from protein A (e.g., histon€)®3 (iii) proteins that affect product stability (e.g.,
lipoprotein lipase}*84 and (iv) species that stimulate an immunogenic response (e.g.,
phospholipase #ike protein)3788> Demonstrated stability concerns generated by lipoprotein
lipase®* and observed imunogenic responses in final formulations linked to the presence of
phospholipas@-like protein in final formulations® indicate that HCPs caand dofail to be
cleared from mAb products in typical platform processes. Increasing the ability to clear these
high-risk species will result in safer biotherapeutic products and more robust processes.

A promising strategy to achieve these goals is tgetaitese haredo-remove, problematic
HCPs using affinity or pseueffinity methods. This paper describes the development of an
ensemble of ligands capable of targeted capture of HCPs ifttifmwgh mode to be utilized as
nextgeneration polishing media mAb manufacturing. While challenging, the specific capture
of targets as diverse as HCPs has a precedent in etinjk®@ immunosorbent assays (ELISA)
for HCP quantification, wherein HCH®EP are col |l
polyclonal anbodies®. Wh i | e pHCP gntibbdies axd not Bconomically feasible for

the largescale capture of HCPs, extensive studies have shown that peptide ligands can serve as
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suitable synthetic alternatives for affindike and multimodal binding interactior$"#2 As a

result, ensemblespe pt i de | i gands with

var.i

ed

s e-l

ecti vi

HCP polyclonal antibodies={gure 4.1) and serve as negeneration multimodal ligands for

mADb polishing. Single ligands may either limit overall capture due to a lack of promiscuous

binding, or alternatively provide such a low specificity that the product also binds. As a result, it

was decided to identify multiple ligands with varied available interaction mechanisms to balance

between yield and breadth of HCP capture. Broad captulieerse HCPs, particularly at low

concentrations, with multiple peptide ligands has previously been demonstrated for the

enrichment of extremely low concentration proteins for liquid chromatogregptiem mass

spectrometry (LC/MS/MS) detection in proteios applications by Guerriet al.8% These

results provide confidence that a similar strategy to capture this diverse group of low

concentration HCPs using multiple peptide ligands can be successful.
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capture is not only possible, but standard practice for HCP quantification using HCP ELISA via
p ol y c IHEmamtibodids, as depicted on the left. We propose the generation of a set of diverse
ligands to mimic the broadapture of varid HCP species with low binding of IgG, as shown on

the right, to allow for targeted capture without the expense and variability introduced by antibody

based ligands.
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The sections that follow describe the design, construction, and screésoigl@hase,
combinatorial libraries of linear peptides to identify an ensemble of peptide ligands that bind
specifically to Chinese hamster ovary (CHO) HCPs, while showing minimal binding to human
IgG. The ligands were selected from a-twe@adonecompament (OBOC) pejide library
synthesized on HMBAChemMatrix (hydroxymethylbenzoic aeabnjugated version of
ChemMatrix) resin using a multiplexed fluorescebesed screening method, using CHO HCPs
and human IgG labeled respectively with a red (Alexa F3@dror Alexa Ruor 546) and a green
(Alexa Fluor 488) fluorescent dye. For primary screening, human polyclonal IgG was chosen
over monoclonal antibodies to negatively select against a broad pool of IgGs, ensuring this
technology would be applied as a pdatn for multide mAb products. The HCPs were generated
from a nonproducing CHO culture harvest under simulated production conditions. The library
beads displaying only red fluorescence (HCP binders) were sorted either manually or by
selection using a ChePix 2 colonypicker. The sequencing of the peptides was performed as
described in prior worR>" The identified ligands were synthesized on ToyopearAfino-
650M resin, andhe resulting asbrbents challenged with clarified harvest from a GKIOMADb
production run to evaluate HCP removal in flitwough mode. The values of HCP targeted
binding ratio (TBR), defined as the percent of host cell protein captured divided byc¢aetdr
IgG log, for the various peptide adsorbents were compared to reference anion exchange (Capto
Q) and multimodal (Capto Adhere) resins. It was found that multipolar peptide ligands have
improved HCP targeted binding compared to reference commepdtisthing resis, that the
performance of hydrophobic/positive resins was similar to that of the tested anion exchange resin

Capto Q, and significantly more selective to HCPs than Capto Adhere. These results indicate that

84



resins with peptide ligands may bsed for HCP learance, either in a flothrough mode or
weak partitioning mode.
4.2 Results
4.2.1 Library Design, Synthesis, and Screening

Theonebeadonepeptide OBOP libraries used for this work were synthesized using
the splitcouplerecombine method pionest by Lamet al "> to discover synthetic ligands that
bind target proteins. Libraries were synthesizetHMBA -ChemMadrix resin, whch affords
high peptide purity and can be used to probe protein bin@ilmeyChemMatrix resin was
selected to allow for fluorescent screening with a strategy adapted from the Camperi research
group?to minimize false positives as a result of fluoroplipeptide interactionsGiven that
the majority of HCPs present in the CHO harvesteniatare hydrphilic and negatively
chargedunderphysiological conditions (se€gupplemental InformatioRigureAl), the amino
acid composition was limited to 12 out of the 20 natural amino acids for library construction,
namely histidine, arginine, angsine (positivey charged); isoleucine, alanine, and glycine
(aliphatic); phenylalanine and/or tyrosine (aromatic), aspartate (negatively charged), serine, and
asparagine or glutamine (polar). Notably, narrowing the pool of amino acids rédeltiesary
size and screamy time, and aislsequencing. Two libraries were constructed, namely a
tetramerig(X1-X2-X3-X4-G-S-G) and a hexameri@X1-X2-X3-X4-X5-Xe-G-S-G), wherein X
represerga combinatorial position that can be occupied by any of the chosen amino acids, and
G-S-G is aglycine-serine-glycine C-terminal spacer. Hexamers have been previously
demonstrated as effective small synthetic ligands for psatfiohity and low concentrain
applications by our group and othé#§#°% in addition, shorter tetrapeptides were utilized to

determine whether comparable capacity tangeted bindingould be obtained at a lower cost
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of-goods.Given that the majority of HCPs observed in production harvest is negatieetyech
N-terminal amines were left uncapped to allow for ionic interactions with the free arhme.

GSG spacer included in the library sequence was used as arpacat arm to promote the

display of the combinatorial segmeand was used as a trackisgguence in LC/MS/MS

peptide sequencing due to frequent occurrence of botG®E& andSG yion fragments

observed. The HMBA linker allows for enesin deprotectioof the side chain functional groups

on the amino acid residues prior to library scregnihe linker is also alkalin@bile, and

enables posscreening cleavage of the peptides from the selected ChemMatrix beads to be
finally sequencedsingLC/MS/MS. Libraries were screened via incubation with HCPs labeled
with Alexa Fluor 594 or Alexa Flur 546 NHS Esters and IgGs labeled with Alexa Fluor 488

NHS Ester to enable simultaneous screening for ligands that both bind to HCPs and do not bind
to IgG. Alexa Flwr fluorescent tags were selected for brightness and high photostability, and to
minimizeoverlap in emission. A volume @b L of settled ChemMatrix library resin beads was
combined with 10 pL fluorescent protein and incubated overnight82to ensw saturation

of the resin beads. For manual screening, beads were selected by applyaliguwhng criteria:

(1) lgG maximum fluorescence 5Q0relative fluorescence units (RFWased on obseng the
fluorescent intensity range from negative contemdds; (i) HCP maximum fluorescence >
10,000RFU, to include the upper 50% of beads byMH@ax intensity (onsided upper

tolerance intervah1 3, 50 0, U = 0.95). |l nspection of the
of radius in addition to manuegview of the fluorescent images were also implemented for
positive beads to ensure the maximum fluorescence signal was not a result ajamitifact or

bead defect. For the ClonePix 2 system, bead selection was based on the interior mean intensity

parameter developed for the ClonePix system, which is approximately equivalkeat@®rage
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fluorescent intensity within the bounds of thedseaBeads were selected based on the following
gates: (ifluorescein isothiocyana(&ITC) interior mean intensity 2,500RFU; (ii) Rhodamine
(red) interior mean intensity > 5FU, representing a similar ratio of picked beads to the total
beads screedga20%). While the threshold for bead selection for the HCP fluorescence in this
instance may appeaubstantially lower than observed with the manual screening, differences
were expected given that a different Alexa Fluor dye was required for this Sydexa Fluor
5469, which has dower reported initial brightness compared to Alexa Fluor$g4n addition
to the differences in imaging exposure and intensity required to visualize the beads.
4.2.2 Sequencing of HGBinding Ligand Candidates

The selected beads were sequenced following the method developed in priét fork
First, the isolated beads were copiously rinsed a@?2 M acetate biér (pH 3.7 to remove all
bound proteins. Particular care was taken with the beads selected with the ClonePix 2 device to
remove the CloneMatrix utilized to immobilize the beads for imaging and picking. The beads
were then individually treated with 38 m#éddium hydroxide, 10%/v acetonitrile to cleave the
ester bond between the GSG spacer and the HMBA linker; to prevent alkaline degradation of the
peptide, the exposure to the alkaline solution was limited to 10 min, after which the cleavage
solutions waseutralized with an equal volume of 100 mM citrate buffd# 3.0,10%v/v
acetonitrile. The cleaved peptides were then reconstituted in aqueous 0.1% formic acid and
sequencedsingLC/MS/MS. The peptide sequences were obtained by searching the acquired
MS data against the corresponding tetramer and hexamer peptide FASTA databases using
MASCOT (Matrix Science).

The resulting sequences, listedTliable 4.1, were grouped in three classes based on

consensus in amino acid composition, namely (i) hydropholsitigdy charged peptides (HP),
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which compriséd25% 35% of positively-charged residues (R, K, H) and%575%

hydrophobic (I, A, F, Y) residues; (imultipolarpeptides {1P), which comprise oner more

positive (R, K, H) and one negative residue (D); amdunclassified residues. Previous work on
proteomic identification and quantification of CHO HCPs in both the null harvest and the harvest
used herein (se8upplemental Information Figure Ahas shown that the majority of the HCPs
have sequenelasedsoelectric points 4 andare likely negativelyharged under physiological
conditions. Thus, thpersistentdentification of peptides featuring positive amino acids is
consistent with capture of these species viad@mge ionic interactions.

Table 4.1: Lead HCPbinding peptide candidates. The sewes specified here were

determined via comparison of LC/MS/MS spectra to a FASTA sequence library of all possible
peptide sequences in the combinatorial library from the combinatorial library beads that we

identified as HCHpositive and Ig@hegative satl phase fluorescent screening studies
Library Positive/ Hydrophobic Multipolar Unclassified
AAHIYY -GSG ADRYGH -GSG
GSRYRY.GSG DKQRII-GSG glAD'gJY'%SSGG
Hexameric HSKIYK-GSG DRIYYY-GSG HOASSQ-GSG
IYRIGR-GSG RYYDYG-GSG QOYIII-GSG
RYYYAI-GSG YRIDRY-GSG
AFNA -GSG
KFFF-GSG
AFYH-GSG AIYF-GSG
KYGY-GSG
NYRS-GSG
FRYY-GSG
KYEF-GSG DFNY-GSG
HEFA-GSG DKSI-GSG GSIG-GSG
Tetrameric HFIF-GSG DRNI-GSG GSSr-GSG
RYFEGSG HYFD-GSG GFYG-GSG
YRFD-GSG IAFG-GSG
HNFI-GSG
IYYA-GSG
YRFFGSG
SYIY-GSG
YYFR-GSG VAEG.GSG
HYAI -GSG
HYFR-GSG
HRRY-GSG
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The distribution of the amino acids by combinatorial position, shawv#gure 4.2
(tetrameric) andrigure 4.3 (hexameric), reveal preferential placement of hydrophobic,
particularly aromatic, amb acids towards the-@rminus. This phenomenon, which is
especially apparent with hexameric sequences, can be attributed to a sdzpsstcpeptide
HCP affinity across multiple HCP species, or to an unexpected bias in the libraries related to a
higher gnthetic yield of the observed sequences. The consensusedsathin each library
and between the two libraries, however, indicates limited bias in either bead selection or
sequencing introduced between the two screening methods (manual sorting @BiClon

sorting) used for this work.
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Figure 4.2  Distribution of amino acid residues for lead tetrameric H@fling peptide
candidates identified via manually sorted sqilthse fluorescent screening by combinatorial
position.
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Figure 4.3  Distribution of amino acid residues for lead hexameric H@Rling peptide
candidates identified by ClonePix 2 sorted splithse fluorescent screening by combinatorial
position.

4.2.3 Secondary Screening of H&Binding Ligand Groups by Static Binding Evaluation

An ensemblef 18 peptides, selected from the groups listebable 4.1, were
individually synthesized on Toyope#&F-Amino-650M resin and mixed into a single
heterogeneous adsorbent as follows: (i) 6HP, including sequences GSRYRYGSG,
RYYYAIGSG, AAHIYYGSG, IYRIGRGSG, andHSKIYKGSG,; (i) 6MP, including sequences
ADRYGHGSG, DRIYYYGSG, DKQRIIGSG, RYYDYGGS@GndYRIDRYGSG; (iii) 4HP,
including HYAIGSG, FRYYGSG, HRRYGS@ndRYFFGSG; and (iv) WP, including
DKSIGSG, DRNIGSG, HYFDGSG, and YRFDGS@®hile the initial peptié identification was
performed on HMBAChemMatrix,this resin was not suitable for subsequent confirmatory
studies due to very low binding capacity and resin compressibility. ToyopeaxhMRo-650M
was selected for secondary screening due to its alaldggnve as both an efficient resin for selid
phasepeptide synthesis and as a rigid, chromatograjgmypatible resin with reasonable
capacity for protein adsorption applications. To ensure that the behavior of these peypidel
resins was not a resuf the base matrix alone, a preliminary comparisbtne peptidecoupled
resins to uncoupled Toyopearl A4&mino-650M and Toyopearl HW5F (polymethacrylate
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resin with no amine conjugation) was performed, showing statistically different binding of host
cel protein, IgG, and total protefjdata availablén Appendix C).The adsorbents were

evaluated to verify binding capacity and selectivity via equilibrium binding studies at different
values of pH (6, 7, and 8) and salt concentration (20 mM and 150 milg bfnding buffer,

using a representative lg@oducing CHOK1 clarified cell culture harvest; commercial resins
Capto Adhere (CA) and Capto Q (CQ) were utilized as convastablish the threshold for

HCP and IgG binding required for flethirough purication stepsPercent protein removal for
HCPusng HCP ELISA,IgG using Easyliter assay, and total protein using Bradford assay are

presented ifrigure 4.4 (data tabulated iAppendix D Table D.1).
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In evaluating protein capture across the four pegiaed adsorbents, we consistently
observedsignificantly higher bindingp < 0.05)of total proteinfor low salt conditions when
compared to high salt conditisat pH 6 and 7 (exceptions were 6MP, pH 7 and 6 HP, pH 6,
with p = 0.4832 and 0.7832, respectively, indicating no significant difference) for both load
conditions suggesting that, as with Capto Q angtGaAdhere, ionic interactions play a central
role in the binding mechanism. The relevance of electrostatic interactipeptideHCP
binding was anticipated given that the majority of HCPs have theoretical isoelectric points well
below neutral pH (pl € 346%, pl < 7a66%, pl < 8471% based on proteomic analysis of the
feed stream). Additionally, all species tested in the secondary screening included at least one
positively charged amino acid residue and were sedarbis-tris ortris buffer, where ta
positive buffer ion would interfere minimally with any ionic interactions from positively charged
residuesThat being said, we observed an increase in total protein bir@sg.021, 0.077,

0.0012, and 0.0003 for 4HP, 6HP, 4MP, and 6MP, respectiarty)gG bindingg = 0.016,

0.010, 0.0005, and 0.088 for 4HP, 6HP, 4MP, and 6MP, respectively) for high salt conditions at
pH 8 for peptide resins, where Capto Q maintained significantly higher binding with loyw salt (

= 0.0041 for total proteirg = 0.02% for 1gG). This suggests greater influence of other

interaction mechanisms outside of strictly ionic interactions from the peptide resins, with the
potential for hydrophobic interactions becoming more dominant under these conditions given
operation closeto the isoelectric point of the highly abundant IgG.

At the same time, the dependence of total protein (HCP + IgG) binding upon p#li varie
significantly between Capto Q and the peptide ligands, suggesting that binding on the peptide
resinswas more sequerdbased in nature than for CaptoAE might be expected, Capto Q and

Capto Adhere showed statistically significant changes in binding of IgG as a function&pH (
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0.0296 and 0.0002 for Capto Q and Capto Adhere, respectively) for low salt and low load
conditions, where maximum binding occurred at pH 8. In contrast, we observed weaker
correlation between pH and binding to the hydrophobic positive rgsm.4922 and 0.5353
for 4HP and 6HP, respectively) and statistically significant correlation wiginmogn binding at
pH 6 for the multipolar resingp & 0.0073 angb = 0.0819).The differences in mAb binding
suggest a distinct binding selectivity of the peptides, under the conditions tested, compared to the
Capto Adhere multimodal adsorbent. With bR and HP resins, we identified binding
conditions under which observed HCP removal was comparable to the values given by Capto Q
and Capto Adhere resins, while the percentage of mAb loss was equal or lower than that of
Capto Q. Moreover, Capto Adhere waarid to remove substantially more mAb compared to all
other resins, causing a loss of mAb product consistently > 70% across all binding conditions.
This indicates that the library screenivig multiplexed fluorescence directed peptide selection
toward seqances that target HCPs with a degree of affinity higherttiamixed-mode level.
Interestingly, HCP capture was more robust for the tetrameric ligands as compared to the
hexameric ligands in the higher pH regime (pH 7 and pH 8), where as much as 40PAGQRore
was captured by the tetrameric ligands than the corresponding hexameric peptides. This effect
was arguably the result of higher binding selectivity displayed by peptide ligands with longer
sequences, which narrows the interaction range to fewer H&&Resp

As expectedareduced percent removal was observed with increased protein load across
all tested adsorbentghis helged toidentify the range in which HCP binding is observable under
static binding conditions. As both load conditions were incubfmesufficient time to allow
binding equilibrium, we screened at a range of load conditions to ensure that the fraction of

HCPs aptured was measurable in the static binding supernatant.
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4.2.4 Resin Targeted Binding

The peptide adsorbents were ranked by HBR, herein defined as ratio of host cell
protein removed and amount of mAb lost, wherein HBIR < 1 indicates preferential binding
to mAb, and HCH'BR > 1 indicates preferential binding to CHO HCPs. The values of HCP
TBR by resin and buffer condition asemmarized for the low load condition (5 mmdy/) in
Figure 4.5. We observed preferential HCP binding by all four peptide adsonaghtsnost of
the binding buffers tested, with the exception of the pH 8, 150 mM NaCl condition. Given that
the mAb concentrain in the cell culture harvest is at minimum two orders of magnitude higher
than any single host cell protein species, as measutkd clarified harvest, the identified
peptides exhib&da much stronger binding for HCPs compared to mAb. The prefarémding
to IgG observed with peptide resins and Capto Q at the pH 8, under high salt (150 mM)
conditions, in addition to the leewv HCPTBR observed at pH 7, 150 mbbdium chloridewere
likely a result of buffer pH conditions close to or above the étigt point of the mAb
(measured ad7.6 usingisoelectric focusing gel) coupled with higher salt concentration, which

minimized te contribution of ionic interactions to binding.
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20 mM NacCl 150 mM NacCl

Targeted
Binding
Resin pH 6 pH 7 pH 8 pH 6 pH 7 pH 8 Ratio Key
2
4
HA 1.7 1.6 1.9 1.8 1.3 0.8 d
HE e | 16 | 13 | 18 | os -
Capto Q 1.7 2.2 1.2 1.9 1.3 0.7
Capto Adhere 0.8 0.7 0.8 1.1 0.8 -

Figure 4.5 Resin HCP targeted binding ratio (TBR) by resin and buffer condition (N = 3).
Resin HCP TBR is &fined as the percent of HCP removed compared to the feed stream divided
by the percent omAb removed compared to the feed stream in static binding mode. In this
analysis, HCP TBR > 1 indicates preferential binding to HCP as compared to IgG, and HCP TBR
< 1 indicates preferential binding to I1gG.

Multipolar peptides showed a supertargeted mdingfor HCPs compared to
hydrophobic positive peptides, indicating that they may provide useful alternatives to current
mixed-mode ligands for mAb polishing. In gigular, the tetramericMP resin offered the
highest level of HCRargeted bindingf 4.9at pH 7, 20 mM NacCl, more than double the value
afforded by commercial Capto Q (2.2). This result was somewhat unexpected given the lack of
multipolar and zwitterinic adsorbents used in the context of biopharmaceutical purification to
our knowledge. Orhe other hand, zwitterionic ligands are utilized in highly specific
chromatographic applications, such as enantiosele¥thand stereoisomeselective®™
separations. We hypothesize a mechanism of binding fontittgolarligands that is quite
similar to the double ion pairing mechanisms proposed in eramibstereoisomeselective

zwitterionic ligands, wherein strong ionitteraction with the positively charged amino acids on

96



the ligandswith negatively charged patches on the taagetpaired via a weaker ionic
interaction with the negatively charged residuth the targetn order for the protein target to
remain boundThis mechanism could also apply to the hydrophobic/positive ligands and
commercial multimodal resins such as Capto Adhere, with the exception that theidauble
pairing interaction mechanism {is boeywtdaged by
Waals nteraction, hydrogen bonding, etc.). Should the proposed binding mechanisms proposed
be confirmed, the combination of these |igand
capture of a more diverse set of HCPs than each set alone.
4.3  Discussion

Multipolar and hydrophobic positive peptides show promise asgengration mixed
mode ligands for CHO HCP capture in IgG purification applications. The 4MP resin in particular
was observed to bind approximately-éofl higher fraction of soluble HCP impugs @mpared
to mAb from a clarified, diafiltered CH®J1 cell culture harvest. It was additionally observed
that the hexameric multipolar (6MP) peptides and both hexameric and tetrameric hydrophobic
positive (6HP and 4HP, respectively) peptides identibiederentially bound host cell protein
consistently, particularly for low salt (20 mM NaCl) conditions. Taken together, these novel
synthetic peptide ligands may offer interesting alternatives to commercial stationary phases for
flow-through mode purificadn of IgG from a clarified cell culture harvest. This, in turn, could
enable more efficient process alternatives, for example, by (i) extending the life of protein A
resin due to reduced HCP load in the feed stream, or (ii) enabling replacement of4protein
cgpture steps with a less specific, more agfé¢ctive product capture stationary phase such as
cation exchange, multimodal, or Protein A mimetic ligatd8°6°7 This wok demonstrates the

potential of a combination of peptide ligands to purify IgG under conditions that are close to
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physiological pH, providing an option for HCP capture prior to product capture steps, allowing
more flexibility in process applications.

Future work aims to further characterize these F&pEcific ligands by identifying HCP
species that are specifically targeted by each resin group. This will help identify potential
opportunities for increasing the ability to capture the full range of H€PBies, including the
problematic HCPs. Additionally, we will search for gaps where none of the currently identified
ligands bind particular problematic HCP species. As the work demonstrated here was performed
under static binding conditions, and ligandsrev€reened without optimization of the resin base
matrix, linker composition, linker density, or ligand density, future work will focus on
optimization of these resin conditions and range finding under dynamic binding conditions. With
this further optimzation, there is an opportunity for highly selective, scalable HCP capture for
the purification of IgG from CHO production harvest. If successful, identifying-si@feific
ligands would significantly lower the manufacturing costs of mAbs by providingexisup
technology for HCP capture before the product capture step. Alternatively, polyclonal stationary
phases could enable fully flethrough downstream processing by substantially reducing the
complexity of the process stream pbkIP capture.

4.4  Materials and Mehods
4.4.1 Materials

For synthesis and deprotection, the HMBAemMatrix resin used for library synthesis
was obtained from PCAS BioMatrix (Said¢anrsurRichelieu, Canada). Toyopearl A&mino-
650M resin for secondary screening synthesis, ToyopearbBW/Kaiser test kit,
triisopropylsilane (TIPS), and E&hanedithiol (EDT) were obtained from MilliporeSigma (St.

Loui s, MO, -dihsthylformarmide (DWE&), dichloromethane (DCM), methanol, and
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N-methyt2-pyrrolidone (NMP) were obtained from Fisher @heal (Hampton, NH, USA).
Fluorenylmethoxycarbony(Fmoc) protected amino acids Fm&ily-OH, FmoeSer(But)}OH,
Fmoclle-OH, FmoecAla-OH, FmoePheOH, FmoeTyr(But)-OH, FmoecAsp(OtBu)}OH,
FmocHis(Trt)-OH, FmoecArg(PbfrOH, FmoeLys(Boc}OH, FmoeAsn(Trt}OH, and Fmoe
Glu(OtBu)}OH in addition to 7Azabenzotriazell-yloxy)tripyrrolidino-phosphonium
hexafluorophosphate (HATU), diisopropylethylamine (DIPEA), piperidine, and trifluoroacetic
acid (TFA) were obtained from Chelmpex International (Wood Dale, ILJSA). For peptide
sequencing, citric acid, acetonitrile, and formic acid were obtained from Fisher Chemical (St.
Louis, MO, USA), ReproSiPur 120 C18AQ, 3-um resin was obtained from Dr. Maisch GmbH
(AmmerbuchEntringen, Germany), and 25 cm x 100 pum Fipoor IntegraFrit emmiter
columns were obtained from New Objective (Woburn, MA, USA).

TheCHGS cell I|line, CD CHO AGTE medium, CD
F68, and AntiClumping Agent used to generate HE#htaining harvest for fluorescence
taggingwereprovided by Life Technologies (Carlsbad, CA, USA). Antifoam C, sodium
phosphate (monobasic), and Tween 20 were obtained from MilliporeSigma (St. Louis, MO,
USA). Alexa Fluor 488, 594, and 546 NHStivated Esters were obtained from ThermoFisher,
andsodiun chloride, sodium phosphate (dibasic), sodium hydroxide, hydrochloric actdsbis
and tris were obtained from Fisher Chemical (Hampton, NH, USA). Macrosep Adw&ieze 3
MWCO Centrifugal Devices were supplied by Pall Corporation (Ann Arbor, MR)J&d
Amicon Ultra 0.5mL Centrifugal Filter Unit with &Da MWCO filters were made using EMD
Millipore (St. Louis, MO, USA). Lyophilized polyclonal human IgG was obtained from Athens
Research (Athens, GA, USA). CloneMatrix for ClonePix 2 screening aer@sly provided

by Molecular Devices (Sunnyvale, CA, USA). The model mAb production -®H@ell culture
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harvest used for secondary screening was donated by a local biomanufacturing company. Capto
Q and Capto Adhere chromatography resins were genenmasigled by GE Life Sciences
(Marlborough, MA, USA). For protein quantification, Pierce Coomassie Plus (Bradford) Assay
Kits and EasyTiter human IgG (H+L) Assay kits were obtained from ThermoFisher (Rockford,
IL, USA). CHO HCP ELISA, 3G kits were obtainéedm Cygnus Technologies (Southport, NC,
USA).
4.4.2 Methods
4.4.2.1Solid Phase Peptide Synthesis and Deprotection

Solid phase peptide synthesis (SPPS) was used for the generation of both the solid phase
peptide libraries and the identified ligands screened for thik.Whe synthesis and sequencing
procedures were performed according to a protocol from Menegatti taatl adapted for the
construction of linear peptides. OBOP libraries foib@ad fluorescence screening were
synthesized on ChemMatrix HMBA resin (loading = 0.6 mmol amine/g resin) for the peptide
libraries. Lead ligand candidates for chraoggphic screening were synthesized on Toyopearl
Amino-650M resin (loading = 0.1 mmol amine/mL resin). Synthesis for all resins was performed
on a Syro Il automated parallel peptide synthesizer (Biotage). Aliquots of 100 mg of
ChemMatrix resin or 0.6 mLdyoper! resin were swelled for 20 min in DMF at 40 °C with
intermediate vortexing. Couplings were performed atta 3-fold molar excess of Fmec
protected amino acids and HATU, and-BoRl molar excess of DIPEA solubilized in NMP
relative to reactivei@son the resin. The coupling reaction was performed at 45 °C for 20 min
with agitation via intermediate vortexing. Each coupling reaction was performed three to four
times per cycle prior to Fmoc deprotection to maximize the reaction completion. For

deprotedion, resins were first washed four times with DMF, then incubated in 20% piperidine
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for 20 min at room temperature with agitation via intermediate vortexing, followed by an
additional wash step as described above. All sequences were synthesize@-tatminal
glycine-serineglycine (GSG) tail to act as a noeactive spacer between the peptide sequence
and the base matrix. Combinatorial tetrameric-gEX3-X4-G-S-G) and hexameric (xX2-
X3-X4-X5-X6-G-S-G) peptide libraries were synthesized as OBiOfries using the split
couplerecombine method [30]. While coupling efficiency was not directly monitored for each
synthesized sequence, this coupling procedure was monitored using a Kaiser test for both
Toyopearl AFAmMino-650M and ChemMatrix HMBA fothe eterminal glycine coupling prior
to Fmoc deprotection, resulting in negligible observed uncoupled amines on the base resin. For
the tetrameric library, combinatorial positions were composed of equal ratios of isoleucine (I),
alanine (A), glycine (G)phenyalanine (F), tyrosine (), aspartate (D), histidine (H), arginine
(R), lysine (K), serine (S), and asparagine (N). The residues selected for the hexameric library
were slightly modified by removal of F and N, and inclusion of glutamine (Q) for éase o
syrthesis and sequencing. Sideain deprotection for both combinatorial libraries and single
|l igand resins was performed by washing resi
resins with 410 mL DCM and dr yunththe resihdeiedtoas i n
fine powder (85 times). A cocktail of 94% TFA, 1% EDT, 3% TIPS, and 2% deionized water
was then incubated with the resin (6 mL deprotection cocktail per 100 mg resin) on a rotator at
room temperature for 2 h. Resins were washed tbréee times first with DMF then 20%
methanol and stored in 20% methanoli8°Z.
4.4.2.2CHO-S Culture and Harvest for Host Cell Protein Production

CHO cell lines were selected as our model system to obtain typical HCP profiles found in

biotherapeutics process. CHQGS cell culture harvest was provided by the Biomanufacturing
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Training and Education Center (BTEC) at North Carolina State University and was cultured
according to their standard procedure for expansion and production of th&@K®type
(WT) cellline. Briefly, the CHO cell culture bulk fluid (CCBF) was from a null Ci$ell line
grown in CD CHO AGTE medi um RlrohidF684ThercMturgsl ut a mi
were fed 5% daily with CD CHO Feed A from dayd8. The cultures were also supplertesl
with 0.1% AntiClumping Agent to prevent cell aggregation. Antifoam C was added at 10 ppm
to prevent foaming in the bioreactor. CD CHO
components of animal, plant, or synthetic origin, as well as no unddfisates or hydrolysates.
The cell culture process was operated at a set pH of 7.0 £ 0.30, 37.0 °C, and 50.0% dissolved
oxygen concentration. Pegtoduction, the CHES harvest was clarified via centrifugation at
8000x g for 30 min. The supernatant waantfiltered with a 0.2 um polyethersulfone (PES)
membrane using VWR Full Assembly Botifep vacuum filters.
4.4.2.3Fluorescent Labeling of IgG and CH®HCPs

HCPs and IgG were fluorescently labeled with Alexa Fluor NHS esters as guided by the
manuf act mmendatioss®. Briefly,aild-type CHOS clarified harvest was
concentrated t-fold)2andgdliafijereginte®30 enM sodilim phosphate, 20 mM
sodium chlorié, pH 8.3 using Macrosep Advanc&Ba MWCO Centrifugal Devices.
Lyophilized polyclonal human IgG thens Research) was dissolved in 50 mM sodium
phosphate, 20 mM NaCl, pH 8.3 at a concentration of 5 g/l. 1 mg Alexa Fluor 596 NHS Ester
(AF596) or Alexa Flor 546 NHS Ester (AF546) for the HCP solution (based on the instrument
to be used for fluorescencersening) and 1 mg Alexa Fluor 488 NHS Ester (AF488) for the IgG
solution were each dissolved in 100 pL extra dry DMF, which was immediately combined with 1

mL of the diafiltered harvest (HGRF596 or HCPAF546) or IgG (IgGAF488) and incubated
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at room terperature on a rotator for 1 h. After incubation, the samples were diafiltered into 50
mM sodium phosphate, 150 mM sodium chloride, pH 7.4 using Amicon @W&naL
Centrifugal Filter Unit with &kDa MWCO filters to remove unreacted Alexa Fluor dye.
4.4.2.4Fluoresent Screening of Solid Phase Peptide Libraries Against IgG andEHGPs

The hexameric or tetrameric deprotected libraries were washed three timesih 50 m
sodium phosphate, 150 mM sodium chloride, pH 7.4 (PBS) at 5x the settled resin volume to
equilibrae. HCRAF596 or HCRPAF546 and IgGAF488 were diluted in 50 mM sodium
phosphat e, 150 mM sodium chloride, 032% Tween
mg/mLIgGAF 488, &a0. 5 8Fsagjof HCIPAFERE, BO mM sodium phosphate, 150
mM sodium chlorié, 0.1% Tween 20, and mixed with the washed, equilibrated libraries and
incubated at 28°C overnight After incubation, the excess protein solution was rexda@nd the
resin beads were washed with 50 mM sodium phosphate, 150 mM sodium chloride, 0.1% Tween
20, pH 7.4 (PBS). For manual fluorescence screening, the resin was deposited 1 bead per well
in a 96well plate in 40 uL PBST, then imaged at 10x magmétion using fluorescence
microscopy using a Leica DMi8 inverted microscope with a Hamamatsu Ctlgsi#) camera
and equipped with a Lumencor spectra light engine in theViBgimel Lab at NC State
University. Lead candidate beads were selected baségt drighest observed emission intensity
at 630 nm with excitation at 560 nm for Alexa Fluor 594 #soence measurement after
thresholding based on 510 nm emission intensity at 480 nm excitation for Alexa Fluor 488
fluorescence measurement.

To increase tloughput, a ClonePix 2 colony picker was used for fluorescent imaging and
higher throughput sortingf t1CP positive and IgG negative beads in collaboration with

Molecular Devices in Sunnyvale, CA, USA. The colony picker was identified as a possible
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option b increase throughput due to (1) its ability to quickly image and quantify intensity of
large quanties of beads, and (2) the size range of the ChemMatrix beads, which are similar to
colonies traditionally picked using the ClonePix 2 instrument. Afteahbincubation with
fluorescently tagged proteins and washed as described above, they were slisparseent
solid matrix to accommodate imaging and picking. The s®id matrix was prepared from two
parts Molecular Devices CloneMatrix and three p@88 mM sodium phosphate, 250 mM
NaCl, 0.17% Tween 20 to generate a matrix with buffer conditioméas to the protein binding
condition used. Approximately 5 to 10 pL settled volume of incubated library was gently
incorporated into the matrix solutiotihen evenly aliquoted across-avell plate to obtain a
target be adi2600beads pergi. The platesiw@re then incubated at 37 °C for 2
18 h to cure the matrix. Plates were imaged using the ClonePix FITC (800 ms exposure, 128
LED intensity)and Rhod (500 ms, 128 LED intensity) laser lines to monitor the presence of
Alexa Fluor 488 and AlexFluor 546, respectively. Due to slight autofluorescence of the
ChemMatri x beads under the FITC filter, bead
Configuat i ono) was assigned based on fluorescence
picked for futher processing based on the following characteristics using the ClonePix 2: FITC
interior mean intensity < 2500, Rhod interior mean intensity > 100, 8500025 mm radius.
Picking was performed in suspension mode, with 20 L aspiration volume to pilck bpad,
and a 60 pL expel volume, where excess volume above the aspirated liquid was water.
4.4.2.5Lead Peptide Sequencing by LC/MS/MS

Beads selected based dumorescence were sequenced using an LC/MS/MS approach to
determine lead peptide candidates for H@dRling. Cleavage was performed as described by

Kish et al.?2 Briefly, beads that were positive for HCP fluorescence and negative for IgG
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fluorescence were first treated with 20 pL 0.2 M acetate, pH 3.7, for 1 h ¢éobelund protein.
Beads were then washed three times with deionized water, then incubated wit38 onL
sodium hydroxide, 10% v/v acetonitrile to cleave the peptide from the resin. The cleavage
solution was then neutralized with 100 mM citrate buffe®oMv acetonitrile, then filtered
through a fritted pipette tip to remove particulate before drihegesulting solute by speed
vacuum. The powder was then resuspended in 0.1% formic acid for injection onto LC/MS/MS.
A Waters QToF Premierequipped with a nanoAcquity UPLC system with a nanoflow
ESI source in the Department of Molecular and Structu@2mistry at NC State University
was used for manually screened, tetrameric candidates, while a Thermo Orbitrap Elite with a
Thermo EASY¥nLC 1000 was used for hexameric peptide sequences from ClonePix2 screening.
Chromatographic separation of the pepsdmples was performed with a with a 25 cm x 100
pm PicoTip or IntegraFrit emmiter column packed with Repr@ail 120 C18AQ, 3-um resin.
Sanples were loaded asilTb pL injections and separated by arBh linear gradient at 300
nL/min of mobile phase A0.1% formic acid) and mobile phase B (0.1% formic acid in
acetonitrile) from 540% mobile phase B.
For samples sequenced by the OrbitrapeEMS/MS sequencing was performed as
follows: positive ion mode, acquisitiédnfull scan (m/z 3501250), 60,000 re$ang power,
MS/MS using a top 5 data dependent acquisition mode with two fragmentation events at settings
of 27 and 35 normalized collisiomergy (NCE) for higheenergy collisional dissociation
(HCD) acquisition for each interrogated precursor. Raw L&ME data were processed using
Proteome Discoverer 1.4.1.14 provided through the Department of Molecular and Structural
Biochemistry at NC Sta University. Database searching was performed using MASCOT with a

50-ppm precursor mass tolerance anepptn fragment tolerance against a FASTA formatted
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database of all possible peptide species in the combinatorial library. Specified modifications
included a dynamic modification of each amino acid residue that included-ehsioleprotecting
group during synthest® account for incomplete sidiain deprotection of the library.

For samples sequenced using WateiBaB Premier, MS/MS sequencing was penied
as follows: positive ion mode, acquisitidriull scan (m/z 4001990), MS/MS using a top 8
acquisition with dta dependent acquisition disabled. The default collision energy setting for the
instrument based on charge state recognition was used. RMSINS data was processed
using ProteinLynx Global Server 2.4. Searching was performed using MASCOT wipparb0
precursor mass tolerance andggim fragment tolerance against a FASTA formatted database of
all possible peptide species in the combinatdibahry. In cases where more than one peptide
match was found for a particular bead, peptides were assigneddvaetbedlowest expectation
value. Cases where this occurred generally consisted of multiple peptides identified with
identical composition, bu different order of amino acid residues, which was likely a result of
the difficulty in distinguishing flippedambinatorial positions in a degenerate library,
particularly in cases where there was a low probability of fragmentation at particularnzositio
4.4.2.6Secondary Screening Static Binding Studies

For secondary screening, a mAb production clarified cell cultureebiaderived from a
CHO-K1 wild-type cell line was graciously provided by Fujifilm Diosynth (RTP, NC) for use as
feed material. Clarifiedcel cul t ure harvest was concentrated
host cell protein) to model the expected HCHifg@fter initial concentration using singpass
tangential flow filtration (SPTFF). This was done using Macrosep Advak&a3viwCO
Centrifugal Devices. Concentrated harvest was then diafiltered into the appropridiesRis

Tris buffer as per loadondition. For pH 6 and 7 conditions, 10 mM Hiss buffer solutions
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were used, and 10 mM Tris was uisghlo foal tp Hb 8f fce
composed of 20 mM NaCl and 150 mM NacCl, respectively. Lead candidate Toyopearl resins
(6HP, 6MP 4HP, 4MP) were tested alongside commercially available resins common in flow
through polishing steps for mammalian 1gG production, Capto@Capto Adhere. Resins
were aliquoted into-InL solid-phase extraction (SPE) tubes at 25 L settled resin vadunahe
washed with 3 x 500 pL of the appropriate load buffer. Resins were then incubated with the
diafiltered CHGS harvestfor1honarotatart HCP | oads of a5 and 10 n
the resulting supernatant was collected. The resins were then wagin&00 pL load buffer,
and the wash and flothrough samples were pooled for analysis.
4.4.2.7Quantification of Total Protein, Host Cell Prote&nd IgG Removal
Total protein concentrations for samples-aned postreatment were measured using a
Bradford asay with a Pierce Coomassie Plus (Bradford) Assay Kit (Thermo Fisher, Rockford,
IL, USA). IgG concentration for the monoclonal IgG was deteeaiusing Thermo Scientific
EasyTiter Human IgG (H+L) Assay Kit. Relative CHO HCP abundance was monitored using a
Cygnus CHO HCP ELISA Kit, 3G. Absolute values for HCP concentration were not determined
using this assay due to the use of a manufaepuerded reference standard that did not
account for the specific cell line or buffer condition used. To approxirhi@t concentration, a
correction factor was used per buffer condition to scale the observed concentrations based on the
known HCP content in thfeed stream. Percent removal for HCP, IgG, and total protein was

calculated as describedEguation 4.1:

0AOBRANIT T OAH - z prTb

Equation 4.1 Percent removal, where C is thetein concentration and V is the volume of the
relevant fraction.
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Resin HCP TBR, a metric to describe relasedectivity of the stationary phases

developed towards HCP, was calculated as descrildeguation 4.2

b 06 (¥Qda ¢ 1L 'QQ

YQi % §YS 'Y — —
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Equation 4.2: Resin HCP targeted binding ratio (TBR)
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CHAPTER 5. HCP DEPLETION IN STATIC BINDING MODE USING PEPTIDE

RESINS BY PROTEOMIC ANALYSIS

*Excerpt fromLavoie, R.A.; di Fazio, A.lslam Williams, T.Menegatti, S.Carbonel, R.G,;
Targetedcapture of Chineshamsterovaryhostcell proteins: Peptidéigandbinding by proteomic
andysis Biotech. Bioeng2019 TBD (In review)*°.

5.1 Introduction

Recent advances in monitoring and control capabilitiésapharmaceutical
manufacturing are reshaping our understanding of the production processes. The manufacture of
monoclonal antibodie@nAbs) in particular, owing to its reliance on widely used platform
processes, has enabled a more detailed understaridivegocess parameters that determine
more robust processes and safer products. The application of protéasecsapproaches at
different stages of mAb production has revealed new challenges related to the removal of the
host cell protein (HCP) impurés secreted by the mAdxpressing cells. In a recent review of
HCP removal strategies, Goey, Alhuthali, and Kontordyatiesented a thorough overview of
HCPs that pose a significant risk to patient 05
manufacturers face in ensogirigorous HCP clearance. The authors recommend that upstream
process conditions be controlled to minimize downstream bottleneclchalteihges, including
high product titers as well as high HCP levels that accompany them. The importance of this
approactwas also highlighted by Lee and coworkers, where the HCP content can be reduced at
the start through the development of Hdckoutcell line$?, and the opthization of cell
culture parameters, such as cell age and cell viability, to minimize HCP*¥els
Complementary to these approaches in upstream processing is the effort towards improving the
downstream capture of HCPs by developing robust purification processes that are tolerant to the

inherent variability in ell culture. In this regard, much attention has recently been focused on
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Aprobl emati co HCPs, -eluthwithmAbssaltheproteirt Aecaptuse stéph a t

37:4380.9%r associate with most mAB&323443 (ii) cause degradation of the pratlof interest
through enzymatic digestidfior degradatiomf the excipients during stora§ or (iii) present
high immunogenicity risk at trace concentrati6hdt is important to accurately monitor the
residual levels of these HCPs through the various stages of upstnelashownstream
processing.

This work seeks to enhance current HCP clearance strategies by identifying synthetic
ligands hat specifically capture HCPs commonly present in ra@btaining fluids, with
particular focus on the targeting of problematic HCRsrlor work”3, we described the
identification of HCPspecific peptide ligands and the evaluation of th&iPHand IgG product
binding activities compared to benchmark commercial re&Sapgo Q(anion exchangegnd
Capto Adherémixed-mode)’3. These peptides include multipolar (MP) and
hydrophobic/positive (HP) sequences. The formeufesd combination of positively and

negatively charged amino acids (Lys, Arg, His, and Asp) and a minor presence of aromatic

residuegPhe and Tyr), while the later are distinctively rich in positively charged, aromatic, and

aliphatic (Ala and lle) residge In this study, we present andepth evaluation of binding of

specific HCPs by the peptide ligands, compared to commercial ibieye and mixedthode

media. A bottorrup proteomic analysis of the feed sample and supernatant fractions from static

binding studies described in the prior wdfkvas conducted using nano liquid chromatography
coupled to tandem maspectrometry (nanoL-MS/MS). This methodology allowed for
identification and serAjuantitative measure of individual HCP capturelisy peptide ligands.

The values of bound HCPs were then be correlated with binding conditions (loading ratio and

buffer canposition and pH), and this enabled a determination of whether combinations of resins
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may be beneficial in improving HCP removal, partarly for difficult-to-clear HCPs in current
mADb platform processes. Previous work by Kornecki and cowotReesitlines the difficulty in
clearance of HCPs with existing commercial options, and as a result this work aimdde prov
further options for more selective removal of this highly diverse and complex population.

This work focuses on problematic HCPghnee primary categories based on risk factors
described above: (i) HCPs-etuting with mADbs in the capture step, hensferred to as Group |
17323443 including IgGassociated and proteinBinding HCPs, (ii) HCPs that cause product
degradation, or Group I+}:3246:8088an( (iii) HCPs with high immunogenicity risk, or Group lIl
13144748 In typical mAb platform processes, the large majority of HCPs are removed at the
protein A product capture step; thus, the design of the subseqiezntediate and final
polishing steps is highly dependent on their ability to remove the species #lateavith 1IgG
from Protein A. Numerous studies in recent years have focused on identifying the mechanism
behind ceelution, and selecting process cdiafis that prevent persesice of these species post
protein A. For a number of species;@&ation is a result of direct association with the mAb
17323443 thus, the capture of this subset of impurities without dissociation from the mAb product
can result in decreased product yield, thoughetkient of mAb bound bé¢se HCPs is, as of
yet, debated. Novel polishing strategies that target this family of HCPs are required to lower
product loss through diligent selection of wash steps or modifiers that induce dissociation if the
capture of prodect-bound species results substantial product loss. Outside of product
associated HCPs, species thattae with mAbs may result from interaction with protein A, as
has been determined for chromdfinChromatin has also been shown to causelgtion of
fihitchhi X ahchassbdles with HCPs that bind mAbs or Protein A, thus effectively

behaving as celuting species.
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Group Il HCPsor mAb-degrading HCPs, comprise enzymaticalbtive species that
induce product degradation. This work focuses on species that are known to cleave or alter the
mADb product directly, including cathepsins, metalloproteinasesesprotease HTRA1, and
sialidaseg*3246.89 Additionally, this group includes species that cause degradation due to
conformational changes in the mAD, such as protein disulfide isomerase, 78 kDa-glucose
regulated protein (also knovas binding immunoglobuliprotein or BiP), and heat shock
proteint4. This subset also includes species that are thought to cause product degradation
indirectly; lipoprotein lipase, for example, is thought to degrade polysorbate excipients in final
formulations, resulting in ckiced shelf life of the dg product*.

Group Il HCPs includes species that have high risk of immunogenicity. Because any
foreign protein can stimulate an immunogenic response, this work considered species that have
previously been shown to stimulate an immunogenic responseasytiospholipse Blike
protein®® and species that are indied to have aigjh risk of immunogenicity based amsilico
modeling!44748

The results of this work shoefficient and selectiveapture of these three groups of
problematic by the multipolar (MP) and hydrophobic/positive (HP) peptide ligands iderntif
prior efforts 3. Furthermore, they demonstrate improved-ga¢irance of our novel ligands,
enablingthe developmerd f HCP Ascrubbingd applications pri
diafiltration steps.

5.2 Results
5.2.1 HCP Distribution in Load Material
To determine the HCP composition in the GIHO IgG-producing clarified harvest,

proteomic analysis was performed be feed material before diafiltration. The isoelectric point
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(pl, x-axis),the grand average of hydropatBRAVY (y-axis), and estimated @ein abundance
(data point diameter) were determined computationally based on the amino acid sequence of
each protai identified by nanoLEMS/MS. GRAVY is a metric for hydrophobicity determined

as the sum of the contributions of each amino acid in theipreequence based on the water

vapor transfer free energies and integaterior distribution of amino acid sidbains®.

Negative GRAVY value indicates hydrophilic character, whereas positive indicates
hydrophobicity.Theoretical pl and MW were calculated using the ExPASy Bioinformatics
Resource Portal Compute pl/Mw ta8] while GRAVY values were calcuied using the

GRAVY Calculator®®. Being sequenebased, theoretical GRAVY and pl values aa n

rigorously represent the relative hydrophobicity and isoelectric point of large proteins, which are
also determined by the tertiary amdaternary structures. It was decided to use this sequence
based parameterization to offer a global picture of the Hi@cies diversity and gain a species
by-specieshased understanding of important considerations for identifying ligands for HCP
capture Calculated protein molecular weights are represented by the color of the data point. This
analysis resulted in theedtification and relative quantification of 427 unique protein species,

the majority of which were hydrophilic (GRAVY < 0), acidic (pl < @nd had a molecular

weight less than 100 kD&igure 5.1summarizeshe properties and estimated abundance of

eachprotein identified in the harvest.
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Figure 5.1:  Bubble plot distribution of CHO HCP species in mAb production harvest used as
load materiaby theoretical molecular weight (MW), isoelectric point (pl), Grand Average of
Hydropathy (GRAVY), and calculatedeprent molar abundance. Each data point represents a
unique protein identified in the GRAVY values were determined using the GRAVY Calculat
developed by Stephen FuciisAll data with the exception of GRAVY values were obtaireairf
Thermo Proteome Discoverer.

It was desirable to quantitatively define the average properties of the global HCP
population in order to better select the conditions for HCP capture. To this end, protein
frequency was determined over the range of eaateiprmetric Figure 5.2). While not
accounting for protein structure, the GRAVY values reportdélgnre 5.2B) areuseful in
establishing the overall character of a protein population as a set of predominantly hydrophilic or
hydrophobic species. The calations returned negative GRAVY values for the large majority
(92%) of the CHGES HCPs. This result is reasonablieg that hydrophobic species are less
likely to exist among proteins secreted by G8BQells in the aqueous extracellular space. Thus,
clarification procedures without cell lysis steps result in harvest material that is likely to be rich
in extracellulamproteins with low abundance of membrane and intracellular components. With
respect to the observed pl values showhigure 5.2A), a typical bimodal isoelectric point

distribution for eukaryotic organisms was observed, aligning with expected distridaspie
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the use of theoretical rather than empirical pl values, with a majority of proteins (74%) identified

as acidic species (pl < 7)e, negatively charged at neutral pH.
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Figure 52:  Distribution of CHO HCPs measured in the CHO harvest load rabtsriprotein
characteristic: (A) theoretical molecular weight, (B) theoretical isoelectric point, (C) theoretical

grand average dfydropathy (GRAVY), a measure of relative hydrophobicity, and (D) calculated
relative molar abundance.

5.2.2 Analysis of HCP Bindg

The CHO HCPargeting peptide ligands discovered in prior work by screening
tetrameric (XX2X3X4GSG) and hexameric (X2X3X4X5XeGSG) peptide libraries comprise
multipolar (MP) and hydrophobic/positive (HP) peptid&avIP ligands includsequences with
one positively charged (Arg, His, Lys) and one negatively charged (Asp) amino acid residue,
with the remainig combinatorial positions filled with aliphatic or aromatic residues. HP ligands
include sequences containing one or two positigbBrged residue(s), with the remainder
primarily aromatic residues. The initial characterization of these pelptisied adsbents led to

the identification of buffer conditions that maximize binding specificity for CHO HCPs over the
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IgG product. To thatred, the peptiddased resins were compared to commercial resins Capto Q,
a strong anion exchange resin featuring a quatgearmame ligand, and Capto Adheranaed

mode resin featuring a combination of strong anion exchange, hydrogen bonding, and
hydroplobic functionalities. The binding studies were conduatestatic binding mode using a

set of different binding buffers (N4 concentration of 20 or 150 mM; pH 6, 7, or 8). The salt
concentration and pH of buffers were selected to evaluate the perforafdaheegesins at
Aharlvieksed conditions (150 mM NaCl) and fAconver
NacCl). The pH rangwas limited to 6 8 to prevent protein instability in the clarified harvest.

The feed samples were prepared by diafiltration efcill culture fluid against the different

buffers, incubated for 1 hour with the equilibrated adsorbents, and the suptsr{atdound and
wash fraction) were collected and pooled prior to analysis. The resulting performance of each
resin as a functionfdouffer condition by total HCP and IgG bound as reported in Lastog,

2019 is summarized ihable 5.1.
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Table 5.1: Percent bound mAb and HCP in addition to resin selectivity by resin and buffer
condition at 5 mg HCP/mL resin load. This table is adapted from Lava@ie2019 Table B.1.

20 mM NaCl 150 mM NacCl

Resin Output pH 6 pH 7 pH 8 pH 6 pH 7 pH 8

Percent H® | 69.5% +| 79.3% +| 61.8% +| 86.4% % | 429% + | 9.4% +
bound 4.8% 2.0% 5.1% 5.5% 5.0% 5.9%

6HP Percent | 48.4% +| 48.7% +| 46.2% + | 48.9% + | 52.8% + | 61.8% *
mAb bound | 4.4% 1.9% 0.5% 6.0% 5.5% 3.0%

Resin HCP | 1.441+| 1.630+| 1.336% 1.783 0.813+ | 0.151
Selectivity 0.114 0.034 0.098 0.199 0.030 0.093

Percent HCH 71.9% +| 73.5% +| 59.4% + | 92.8% + | 53.9% + | 14.0% *
bound 6.0% 6.5% 2.3% 3.8% 7.3% 8.8%

6MP Percent | 51.0% +| 33.4% +| 40.0% +| 33.0% * | 50.9% + | 52.3% *
mAb bound [ 5.4% 11.9% 3.3% 10.0% 10.9% 7.5%

Resin HCP | 1.428 + | 2.445+| 1.488+ 2.961 + 1.109+ | 0.269 +
Selectvity 0.256 1.083 0.086 0.742 0.373 0.166

Percent HCH 64.4% +| 75.4% +| 79.2% | 87.0% * | 72.0% + | 48.6% *
bound 11.1% 4.2% 1.8% 1.3% 2.3% 3.4%

AHP Percent | 38.6% +| 46.6% +| 42.7% + | 47.4%z=* 55.3% £ | 62.0% +
mADb bound [ 9.4% 9.5% 1.0% 8.1% 4.3% 4.7%

Resin HCP | 1.670+ | 1.620+| 1.855% 1.836 + 1301+ | 0.784+
Selectivity 0.298 0.212 0.032 0.172 0.084 0.103

Percent HCH 58.0% | 76.9% +| 76.9% + | 87.7%+ | 67.8% + | 35.3%
bound 7.3% 5.1% 3.6% 5.1% 1.8% 8.4%

AMP Percent | 31.1% +| 15.8% +| 23.5% + | 43.2% % | 55.9% = | 56.6% +
mAbbound [ 3.1% 4.1% 4.0% 7.8% 3.6% 3.0%

Resin HCP | 1.863+ | 4.868+| 3.279% 2.029 + 1214+ | 0.625%
Selectivity 0.162 0.266 0.177 0.190 0.069 0.244

Percent HCH 68.6% | 70.3% +| 74.0% + | 771%+ | 70.6% + | 33.1% *
bound 13.0% 5.9% 4.0% 9.9% 1.5% 3.3%

CA Percent | 81.0% +| 94.7% x| 97.7% x| 72.3% * | 84.5% * | 93.1% +
mADb bound [ 3.0% 1.0% 2.2% 1.8% 1.5% 1.1%

Resin HCP | 0.847 + | 0.743+| 0.758 1.067 + 0.835+ | 0.355+
Selectivity 0.193 0.085 0.058 0.130 0.028 0.100

Percent ICP | 62.7% | 83.7% +| 76.0% + | 84.7% + | 61.1% + | 40.2% *
bound 2.9% 3.4% 2.6% 6.8% 6.4% 7.5%

co Percent | 37.7% +| 37.6% +| 64.8% | 458%* | 48.1% %+ | 57.0% +
mAb bound [ 13.7% | 11.7% 2.6% 8.9% 7.5% 2.9%

Resin HCP | 1.664 + | 2.226+| 1.174+ 1.852 + 1270+ | 0.705%
Selectivity 0.365 0.313 0.052 0.210 0.187 0.193

The majority of the resins yielded the highest selectivity (where resin HCP selectivity
was defined as the percent of HCP bound over the percent of IgG bound) at 20 mM NaCl, pH 7;
based on global quantification BICPs by ELISA, it was found that MP resimsd equivalent or
increased selectivity for HCPs compared to Capto Q and Capto Adhei resins, while

slightly less selective than Capto Q, still exhibited preferential binding to HCPs and were found
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to be superior to Capto Adhere under the smeautral pH conditions tested. The peptixised
resins also proved mosffective than commercial resins in HCRding studies performed at
Aharlvieksed condition (150 mM NaRdtenAHGBRIggesti ng
scrubbers. These conditions were not specifically optimized forthoaugh operation of
commerciakesins; Capto Q is in fact normally opea@iatiow salt conditionswhereas Capto
Adhereis utilized at fairly low pH values to prevent binding of the mAb prodLice scope of
this work, however, is to directly compare peptiesed and commercial resunsder equivalent
buffer conditiongo highlight the ability of peptide ligands to capture HCPs efficiently and
selectively without requiring the level of process optimization.

To further interrogate the observed differences in binding selectivity abmggble
panel of resins, the present stddcuses on the identification and relative quantification of
individual HCPs. In this study, the HCPs in the supernatant samples from the static binding
experiments were identified and quantified via botigm labelfree proteomics, and the
resulting véues were used to evaluate differences in binding of the various HCP @nothpes
peptidebased resins in comparison with the benchmark commercial resins. In this work, a
Abound HCPO was de(iis deteated ia the feed giream byeL(SMISt h a t
analysis andii) is either not detected in the supernatant (unbound + wash) or has a significantly
lower SAF compared to the feed sample (p < 0.05 by ANOVA). SAF and ANOVA results are
tabulated iMppendix E (Table E.1T7 Table E.6)
5.2.2.1Profile of BoundProteins vs. pH of the Binding Buffer

The numbeof unique HCP$®ound by the peptideased and the commercial benchmark
resins at different pH conditions are presentefigure 5.3 The analysis obverlapping bond

HCPs for the various resins as a function of buffer conditidicates thaboth 4HP and 6HP
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resinsfeaturea higher tolerance to differences in pH compared to the benchmark and MP resins
at bothsalt concentration®0 mM and 150 mM)As shown inFigure 5.3, of all unique bound
HCPsacross the three values pifl, 4HP and 6HRespectively boun86.2 % (198 of 299 unique
proteins) and 69.4% (207 of 298) at 20 mM Naile 58.3% (147 of 199) and 54.1% (151 of
279)at150 mMNacCl. In conparison, benchnrk anion exchange resin Captoy@lded60.7%
(179 of 295) at 20 mM and 33.6% (71 of 211) at 150.rhdver HCPs binding byCapto Qat
high salt concentration was anticipated, given that this resin relies solelgabrostatidinding;
further, increasedinding of the mAb product (isoelectric point ~ 7.6) by Capto Q at pH 8
(64.8%= 2.6% at 20 mM and 57.0%2.9% at 150 mM) also reduces the number of binding
sites available for HCP capture as shown in Tabfe Themixed-moderesin Capto Adhere
showeda high overlapn bound HCPs711.4% 220 of 308)atlow salt concentratiorhowever
promiscuos binding of HCBwasalsoaccompanied bgignificantloss of mAb product> 80%
for all pH conditionsY?. The analysis gbroteinbindingat 150 mM NaClshowed a decrease in
overlapof bound HCP$o 48.2% (133 of 276 bound proteinmdicating poor tolerance to pH
variations Theability of HP resins to maintain HCP binding almost constant under diffgkent
conditions suggestthat the peptidigandsfeature a strongeffinity-like binding activitythan
commerciaimixedmodeligands, which often requiextensiveoptimization ofthe process
conditionsto grant sufficient produgtield and purity. Robustness HCP capture wihin a

design space of buffer conditions pgptideligandsmakes them more apt towards platform

processefor mAD purification.
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Overlapping HCPs bound at 20 mM NaCl and 150 mM NacCl by peptaded
resins (4HP, 6HP, 4MP, and 6MP) and benalk resins (Capto Q and Capto Adhere) at pH 6

(pink), pH 7 (green), and pH 8 (blue). Bound proteins weterchined as proteins that either were

identified by LC/MS/MS in the feed but not in the supernatant samples with wash after static
binding with eachresin, or alternatively where the resulting spectral abundance factor was

significantly lower by ANOVA U= 0.
species of proteins that were bound at more than one pH condition for the range tested (pH 6, 7,
and 8) are shown in the overlapping regions of the Venn diagrams.
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Turning to multipolar ligandstMP and 6MP resins showed rather conspicuous

differences in HCP binding. The 6MP resin compared well with its HP counterparts in terms of

The

robustness of HCP capture against different pH conditions, with overlaps of bound HCPs of

61.2% (180 of 294 bound pems) and 51.9% (122 of 235 bound proteins) at 20 mM and 150

mM, respectively. The 4MP ligand, on the other hand, demonstrated poor tolerance to pH
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differences at both 20mM and 150 mM NacCl, with overlaps of bound HCPs of 40.8% (111 of
272 bound proteins)na 22.0% (41 of 186), respectively. A unique feature of the 4MP resin was
its inverse relationship between HCP binding and buffer pH. As the net charge of the proteins in
solution is shifted towards negative values as the pH of the binding buffer inctbagaesence

of negatively charged amino acids in the 4MP peptide ligands explains the loss of HCP binding
at higher pH.

A comparison of the distributions of pl values among the HCPs bound at different pH
conditions was also performed using the Kruskialllis H test to evaluate the shift in the charge
profile of the proteins in the supernatastfeed samples. The Kruskdlallis H test, as shown
in Table 5.1, was adopted given the norrmal distribution of the pl values. If HCP binding by
the peptideébased resin were dominated by electrostatic interactions, the pl profiles of bound
HCPs would differ significantly among défent pH conditions; in particular, the median pl
would increase at higher pH of binding, since HCPs with higher pl values woulthbec
negatively charged and be captured by the positively charged amino acid residues on the HP
ligands. No significant shift the isoelectric point profile of bound proteins was observed for
the 4HP resing=0.171 ang = 0.355 for 20 mM and 150 mM N§Cespectively), whereas the
6HP resin showed a statistically significant shift only for the 150 mM NaCl condgier®) (32
andp = 0.0086 for 20 mM and 150 mM NacCl, respectively). The lack of significance in the
distribution of pl values among the HCBsund at different pH suggests that HCP:peptide
interactions for 4HP and 6HP are not entirely dependent on electrostataciion; for
comparison, the traditional anion exchange resin Capto Q shows a significant increase in pl as a
function of pH at bth salt conditionsg= 0.0969 angb = 0.0434 at 20 mM and 150 mM,

respectively). Capto AdhegPehywhoszsegeet hghnadméwh
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ammonioethyl) has a strong similarity with the HP peptides, showed insignificant response in
terms of pl distribution of bound HCRs.pH at lov salt and | = 0.240 at 20 mM), but

significant at high saltp(= 0.0130 at 150 mM). Wh multipolar ligands, a significant correlation
between pH of binding and pl profile of bound HCPs was observed only with the 4MP resin at
the high salt conditiorp(= 0.002§.

Table5.1:  KruskatWallis H test for bound protein isoelectric point as afiom of buffer pH

using JMP Pro 14. The distribution of isoelectric points for each unique bound protein were plotted
by frequency of isoelectrigoint butare not wgghted based on abundance.

20 mM NacCl 150 mM NacCl
Resin | pH | Mean Median | Mean | Median |
Rank | pl j? p |Rank| pl j2 p
Score Score

6 357.7 | 6.28 300.0 | 6.25

AHP |7 |393.3|6.62 353 |0.171 |293.0(6.2 207 |0.355
8 |371.7|6.47 317.5 | 6.52
6 |372.6|6.37 302.0 | 6.16

6HP |7 |398.46.61 1.88 |0.392 |301.8|6.09 9.51 | 0.0086
8 |379.9|6.46 348.3 | 6.64
6 |292.8|6.33 148.8 | ©-88

4AMP |7 |305.8]|6.54 0.839| 0.658 | 164.1 | 6.23 11.8 | 0.0028
8 |306.6|6.52 196.4 | 6.82
6 |348.5]|6.28 257.4 | 6.16

6MP |7 |378.5]|6.62 2.79 | 0.248 |251.8|6.12 3.89 |0.143
8 |356.8|6.43 282.2 | 6.53
6 |335.9|6.12 189.8 | ©.71

gapto 7 |375.4|654 |467 |00969)197.9|574 |6.28 |0.0434
8 |369.7|6.54 223.4 | 6.13
6 |386.6|6.42 290.2 | 6.18

Xgﬁge 7 |4175|6.67 2.858| 0.240 | 295.8 | 6.23 8.69 | 0.0130
8 |416.6|6.65 335.9 | 6.65
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5.2.2.2Profile of BoundProteins vs. lonic Strength of the Binding Buffer

Overlap in bound HCPs as a function of ionic strength was additionally assessed to
compare the tolerance of the different ligands to salt coratemt. The comparison of HCP
binding at 20 mMs.150 mM NaQ concentration is reported Figure 5.4 for all resins and
binding pH. The proteomic analysis of the supernatant samples obtained with the-paptide
resins showed a strong tolerance to 8@, a typical salt concentration in clarified cell culture
harvests. 4HP and 6HP ligands in particat@intained the binding of significant fraction (60.1
82.7%) of the HCPs bound at 20 mM NaCl when tested at 150 mM NaCl. As anticipated for an
ion exchage resin, Capto Q showed a significant reduction in the number of proteins bound as
the salt concerdition increased, and consequently a decrease in the number of overlapping
bound proteins. Percent overlapping of bound HCPs by Capto Adhere was ctbserdes
obtained with HP resins (69.0947.3%), but was also associated with significantly higher
binding of the mAb product, as previously repoffethd summarized ifiable 5.1 Multipolar
resins 4MP and 6M showed substantially different binding behavior as a function of salt
concentration. Good salt tolerance, comparable to that of HP resins, was olstnéP
resin, which provided an overlap in bound HCPs of 52.8%8%. On the contrary, 4MP resin
showed low tolerance to salt concentration, similarly to what observed in response to pH
conditions, corroborating the hypothesis that the binding actitlgis family of ligands has a

predominantly electrostatic character.
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resulting spectral abundance factor was sigmtfiygadower by ANOVA U= O .
speciesf proteins that were bound at both salt concentrations (20 mM and 150 mM) for the range tested (pH 6, 7, and 8) are shown in
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The presence of both positive and negatively charged residues on MP ligands makes their interaction with HCPs more
complex; the softening of electrostatic repulsions at high ionic strength allows the 4MP ligands to behave more similarly to
conventioml ionexchangers. Collectively, our results indicate a stronger correlation between binding pH and pl profile of bound
HCPs at higher ionic strength of the binding buffer (150 wsM20 NaCl,Table 5.2. This result may result not only from a shift in
HCP.peptide binding strength at different salt concentrati8h®ut also from a decrease in remecific adsorption of the highly
abundant mAb product, which furthers the availability of binding sitesl@P capture.

Table 5.2:  KruskalWallis H test for lound protein isoelectric point as a function of buffer pH using JMP Pro 14. The distribution

of isoelectric points for each unique bound protein were plotted by frequency of isogleattidout are rot weighted based on
abundance.

pH 6 pH7 8
Resin Salt Mean | Median Mean | Median Mean | Median
Concentration | Rank pl j? p Rank pl j? p Rank pl j? p
Score Score Score
20 mM 2255 6.25 216.7 6.2 218.9 6.52
AHP 150 mM 598.3 .28 0.0525| 0.819 246.5 6.62 5.53 | 0.0187 517 2 647 0.020 | 0.887
20 mM 225.4 6.16 208.5 6.09 252.9 6.64
6HP 150 mM 240.4 6.37 1.43 0.232 236.9 6.61 516 0.0231 237.2 6.46 151 1 0.219
20 mM 174.4 5.88 164.2 6.23 112.0 6.82
4mP 150 mM 198.2 6.33 4.29 | 0.0383 176.6 6.54 119 0.276 100.1 6.52 179 | 0181
20 mM 209.4 6.16 191.1 6.12 200.9 6.53
6MP 150 mM 5213 628 0.967 | 0.325 5237 6.62 7.10 | 0.0077 1975 6.43 0.0875| 0.767
20 mM 141.2 5.71 168.9 5.74 202.7 6.13
Capto Q 150 mM 1658 612 5.16 | 0.0231 5121 654 12.6 | 0.0004 5217 654 2.42 | 0.120
Capto 20 mM 209.4 6.18 211.8 6.23 269.8 6.65
Adhere | 150 mM 225.8 6.42 1.81 0.178 241.6 6.67 550 0.0190 270.2 6.65 0.0007 0.979
5.2.2.3
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5.2.2.4Profile of Bound Proteins byeptidebased Resins vs. Commercial Resins

A comparison of the HCP species bound by the various resins at given binding conditions
(pH and salt corentration) was then performed to identify proteins uniquely bound by a single
or a set of resins. Our anally$ocused on the optimal binding conditions identified in prior work
3 namely pH 7 at 20 mM NaCl and pH 61850 mM NaCl, whose results of overlap of protein
binding by the various resins are presented as Venn diagrdfiggine 5.5 andFigure 5.6.

Analogous plots for the other binding conditions are availabRpipendix F (Figure F.17

Figure F.4).
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Figure 55: Overlapping bound proteins by peptide resins at pH 7, 20 mM NaCl. Bound
proteins were determined as proteins that either were identified B§3/@VS in the feed but not

in the supernatant samples with wash after static binding with eachaesiternatively where

the resulting dilutioradjusted spectral count was significantly lower by ANOWA=(0.05) than

the spectral count in the feed. Panel (A) compares the number of unique species bound to the novel
peptide resins (4HP, 6HP, 4MP, and MB the Capto Q benchmark resin, and panel (B)
compares the peptide resins to the Capto Adhere benkhesan.

Proteomic analysis of the fractions generate20atnM NaCl, pH 7 indicates substantial overlap

in unique proteins bound between the peptidgnseand the benchmark resins. Capto Q, in
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particular, afforded significant binding of 261 unique pregeof which only 2 were not bound by
any of the peptide resins, namely-BRAND 2 containing protein and fatty aelnding protein
(adipocyte), neitheof which has been reported as a problematic HCP to our knowledge. On the
other hand, peptide resins sfed significant binding of additional 20 unique HCP species,
including problematic HCPs from Group | (peptigyblyl cis-trans isomerase, fructose
bisphosphate aldolase, sulfated glycoprotein 1, glyceraldehypt@sphate dehydrogenase, and
biglycan). Fron the perspective of overall product purity, Group | Protein &lating HCPs are
the most challenging to address, as a langgrity of these proteins are indicated teatote as a
result of association to the proddéf*or association to histones thean in turn norspecifically
bind to multiple entities’. The effigent capture of produdiound species in this group may
explain to some degree the loss of IgG observed in prior Wpds some IgG molecules may
associate with the HCPs retained by the HP ligértP showed significant binding of 15 the
20 additional species, but failed to bind fructbsgphosphate aldolase, which was captured only
by 4MP, in addition to am form of peptidyprolyl cis-transisomerase. It was further noted that
in addition to the nearly 80% HCP bound by 4MP by HEIPSA and high number of unique
proteins bound, the 4MP ligand had the lowest observed percent mAb bound from the entire study
at15.8%z= 4.1% as shown ifiable 5.17%,

In comparison to the benchmark multimodal resin, the peptide resinsl 280 of the
285 unique species bound by Capto Adhere, while also showing a significantly lower binding (>
2-fold) of the mAbproduct® as shown ifrable 5.1 Four HCP species, including problematic
HCP sulfated glycoprotein 1, in atidn to tenascifX, copper transport protein ATOX1, and
procollagen Gendopeptidase enhancer 1, were captured by one or moigdedegsed resins, but

did not show binding to Capto Adhere under these conditions. A large majority of the species
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bound by Cam Adhere (270 of 285) was also captured by the 6HP resin; this was expected,
given similarities in the potential binding intetians between the two resins, despite significant

differences in mAb product binding.

(A) (B)
4HP 4HP
7 7
6MP
6MP 6HP
6HP
0 0 1 0
13170905 2 90, > i 1
2 R g T 1 0
4 91 0 1 140 0
18 . 4 31 00
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4MP 4MP
Capto Q Capto Adhere

Figure 5.6. Overlapping boungroteins by peptide resins at pH 6, 150 mM NaCl. Bound

proteins were determined as proteins that either were identified by LC/MS/Mé& feeetth but

not in the supernatant samples with wash after static binding with each resin, or alternatively

where the reulting dilutionadj ust ed spectral count was signif
0.05) than the spectral count in the feed. Panel (A) coesihe number of unique species bound

to the novel peptide resins (4HP, 6HP, 4MP, and 6MP) to the Capto Q benchsirgramd

panel (B) compares the peptide resins to the Capto Adhere benchmark resin

A parallel analysis of the fractions generated atrh®NaCl, pH 6, summarized in
Figure 5.6, indicates considerable differences in the capture of host cell proteins pgptide
resinsvs.the benchmark resins. As showrHigure 5.6 (A), the peptide resins bound 128
unique proteins in addition to 100 thle 106 proteins bound by Capto Q, including problematic
HCPs fromall three problematic HCP groups. Problematic sggebound by peptide resins, but
not Capto Q are summarizedTiable 5.3

A large majority (117 of 128) of the spectbsat do not bindd CaptoQ butdo bind to at

least one peptide ressmowed binding to the 6HP resin. Notable exceptions include pkptidy
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prolyl cis-transisomerase, which was bound by 4HP and both MP resins, as well as biglycan,
glutathione dransferase P, alpkenolaseandglyceraldehyde3-phosphate dehydrogenase,

which were only bound by 4HP. In comparison, of the 6 HCPs bound exclusively by Capto Q,
only one has been reported as a problematic, namely 60S acidic ribosomal protein P2. The
overlap of bound HCPs shownhigure 5.6(B) indicatesabroader binding by Capto Adhere
compared to Capto @s well asa largergroupof sharedbound proteins between the peptide
resins and Capto Adherdonetheless, theeptide resins bound 40oreunique speciethan

Capto Adheravhile showingsignificantly lower mAb product bindings shown ifmable 5.1
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Table 5.3: Problematic HCPs at pH 6, 150 mM by bound novel peptide resins that do not bind

Capto Q
Problematic HCP Group | HCP Species
Group | (Protein A co Heat shoclcognate protein
eluting) Pyruvate kinase

60S acidic ribosomal protein PO
Elongation factor 2

Nidogenl

Elongation factor dalpha
Cofilin-1

Out-atfirst proteintlike protein
Aldose reductaseelated protein 2
Peroxiredoxinl

Biglycan

Glutathione dransferase
Alpha-enolase
Glyceraldehyde3-phosphate dehydrogenase
Cathepsin B

Matrix metalloproteinas®

Matrix metalloproteinas&9
Protein disulfidesomerase
Serine protease HTRAL
Glutathione dransferase

Group Il (product Cathepsin B
degradatiorassociated) | Matrix mealloproteinase
Matrix metalloproteinas&9
Protein disulfidesomerase
Serine protease HTRA1

Group Il (highly Glutathione dransferase
immunogenic) Phospholipase #ke protein
Procollagerysine,2oxoglutarate 5dioxygenase 1
Peroxiredoxinl

523 SemiQuantitative Evaluation of the Bindi
vs. Benchmark Resins

To gather a quantitative measure of the differences in-bi@dng activities of the
peptidebased resins, labélee relative quantification based on pmtecs analysis of the
collected fractions was conducted by LC/MS/MS. Specifically, data dependgmsidon

(DDA) methods were adopted to compare the relative SAF of every HCPs species in the
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supernatant samples obtained from static binding tests imeptidebased resins and
benchmark resins Capto Q and Capto Adhere.

This study was limited to thsupernatant samples obtained at the conditions that proved
most effective for HCP binding, namely 20 mM NaCl at pH 7, and 150 mM NaCl at'pHige
resulting values of SAF for problematic HCP species identified in the supernatants produced at
20 mM NaCl at pH are listed inTable 5.4. These values of SAF were compared by an
ANOVA (N=3) between the peptideased resins and both benchmark resins to evaluate the
advantage of using peptide ligands for HCP removal. Significantly higher binding was observed
for severaproblematic HCP spees by the peptidbased resins compared to Capto Q: cathepsin
B, serine protease HTRAL, peptigylolyl cis-transisomerase, peroxiredoxth 6HP resin was
particularly effective compared to Capto Q in binding Group I/ll HCP serotegse HTRAL
and Groug/lll HCP peroxiredoxinl, and outperformed Capto Adhere, its small molecule
cognate, in binding serine protease HTRAL. 4HP showed improved binding of Group I/ll HCP
cathepsin B compared to both Capto Adhere and Capto Q. Notablyintting of peptidyl
prolyl cis-transisomerase by both MP resins was significantly higher compared to Capto Q and
on par with Capto Adhere; it should be noted, however, that the capture of this-obrar
species by Capto Adhere comes with a muchdrigbst in terms of mAlbss compared to MP
resins. it was also observed that fructbsphosphate aldolase was depleted to levels below the
limit of detection by 4MP alone amongst the peptide resins, although the difference in mean
spectral counts was hstatistically signiftant, matched only by the higher product binding
Capto Adhere.

The development of satblerant stationary phases for mAb purification is much sought

after, as they provide flexibility in process implementation. As a result, tdenginf HCP
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species in50 mM NacCl at pH 6, was analyzed. The values of total HCP clearance andsHCP
lgG binding determined by ELISA tests indicated that, at this condition, all four pdyatsel

resins performed equivalently or better than Capté. Q
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Table54:  Tabulatedspectral abundance factor and ANOWA CHO problematicHCPs by Capto Q, Capto AdheradaHCR
binding peptide resinst pH 7, 20 mM sodium chlorid&ean and standard deviation of spectral abundance factor (N=3) are reported
for each species. Calculateedr@lues for ANOVA comparisons of each peptide resin compared to both benchmark raptos@@nd

Capb Adhere) are provided.p8cies identified by shotgun proteomics in this work e nt i f i e d &asedfop priortalt e ma t i
13,14,17,3234,43,47,48,8_4

_ Capto Q Comparison Capto Adhere Comparison ANOVA p-
= |3 |2 Mean Spectral Abundance Factor ANOVA p-value value
RERE
= o o
O |® ¢
Protein © 4HP 6HP 4MP 6MP 4HP 6HP 4MP 6MP
Biglycan X 0.3739 | 0.3739 | 0.3739| 0.3739 1 1 1 1
Heat shock X 0.0093 +
cognate protein 0.016 1 1 0.0006*| 0.3739 1 1 0.0006*| 0.3739
E{:;ﬁ%sszhm N 0.0081 + | 0.0084 +
aldolase A I 05314 | 0.5484 | 0.1163| 0.9114 | 03739 | 03739 | 1 | 0.1196
Heat shock
protein 0.3739 | 0.3739 1 1 0.3739 | 0.3739
Lipoproteinlipase] X 1 1 1 1 1 1
Pyruvate kinase 0.3739 1 0.1163 | 0.1163 | 0.9973| 0.1163
Sialidase | X 1 1 1 1 1
Actin,
cytoplasmic 1 X 1 1 1 0.3739 | 0.1163 | 0.1163 | 0.1163| 0.9873
Phosphoglycerat X
mutase 1 1 1 1 1 1 1 1 1
x | x 0.010+ | 0.0093 £ 0.019 £
Cathepsin B 0.017 0.016 0.016 0.0476* | 0.0707 | 0.0692| 0.0928 | 0.0112* | 0.0167* [0.0163*] 0.0210*
Peptidytprolyl
cistrans X 0.17 + 0.052
isomerase 0.4219 | 0.6407 [0.0025% 0.0130* | 0.0321*| 0.0076* | 0.07 0.8867
Actin, dpha X
cardiac muscle 1 1 1 1 1 1 1 1 1
Matrix
metalloproteinas§ X | X
9 1 1 1 1 1 1 1 1
Protein disulfide X
isomerase A6
Vimentin
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Table 5.4(continued).

Capto Q Comparison Capto Adhere Comparison ANOVA p-
a i_ = Mean Spectral Abundance Factor ANOVA p-value value
RERE
RERE
Protein © |0 4HP 6HP 4AMP 6MP 4HP 6HP AMP 6MP
Thrombospondin
1 X 0.3739 | 0.3739 | 0.6816| 0.3739 1 1 0.3739 1
60S acidic
ribosomal protein X
PO 1 1 1 1 1 1 1 1
Clusterin X 0.1159 | 0.1095 | 0.9006| 0.2003 | 0.0314* | 0.0639 | 0.5109| 0.2378
Matrix
metalloproteinas§ X | X
19 1 1 1 1 1 1 1 1
Elongation factor X 0.0036 +
2 0.0063 1 1 0.3739| 0.3739 | 0.1163 | 0.1163 | 0.5163| 0.5076
X 0.0044 +
Nidogenl 0.0077 1 0.3739 | 0.3739| 0.3739 | 0.3739 | 0.9712 | 0.669 | 0.6639
Legumain X 1 1 0.3739 1 1 1 0.3739 1
Glyceraldehyde
3-phosphate X
dehydrogenase 1 1 1 1 1 1 1 1
glycoprotein 1 0.079 0.060 0.0815 | 0.0815 | 0.0689| 0.1564 | 0.0415*| 0.0415* | 0.0407*| 0.0968
Glutathione S X X
transferase P 1 1 1 0.3739 1 1 1 0.3739
Cathepsin D 0.021 1 1 0.056 | 0.1399 1 1 0.056 | 0.1399
Phospholipase B
like protein X 1 1 |o3739| 1 1 1 |o3739| 1
Endoplasmic X
reticulum BiP 1 1 1 1 1 1 1 1
X 0.023 + 0.037% | 0.015+
Alpha-enolase 0.00031 0.015 0.026 0.013 0.618 0.7033 |0.0209*| 0.2846 | 0.3337 | 0.565 |0.0032* 0.1333
Serine protease % | x 0.013 +
HTRA1 0.022 0.022 0.020 0.1179 | <0001*| 0.1197| 0.2334 | 0.1374 | <.0001*| 0.1395| 0.2791
Metalloproteinasg 0.23 % 0.28 =
inhibitor 1 X 0030 0,23 2002 0.4688 | 0.9954 | 0.5224| 0.4459 | 0.0078* | 0.0395* |0.0037+ 0.0025*
0.098 + ]
Cofilin-1 X 0.034 012 + 0.1 0.2033 | 0.1831 | 0.1238| 0.3422 | 0.8924 | 0.7579 |0.0073*| 0.6978
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Table 5.4(continued).

Capto Q Comparison Capto Adhere Comparison ANOVA p-

= |5 E_ Mean Spectral Abundance Factor ANOVA p-value value

5 |3 (3

0 |o 3 Capto

Protein Adhere 4HP 6HP 4MP 6MP 4HP 6HP 4AMP 6MP

Out at first X
proteinlike 1 1 1 1 1 1 1 1
Procollagen
lysine,2 X
oxoglutarate 5
dioxygenase 1 1 1 1 1 1 1 1 1
Aldose reductase X
related protein 2 1 1 1 1 1 1 1 1
Elongation factor X
l-alpha 1 1 1 1 1 0.7522 1 1
Peroxiredoxinl X X 0.0227* | 0.0226* | 0.3746] 0.0355* | 0.3739 | 0.3739 | 0.2165| 0.1444
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Calaulated SAF for HCP species at 150 mM NaCl by both pejiiteched and benchmark
resins are reported ifable 5.5. While increasing salt concentration resulted in an overall
reduction in HCP binding, a marked improvement in capture by the peptide ligandisavas
observed compared to Capto Q. The HP resins were the most versatile in HCP capture, showing
significantly hgher binding for a large majority of the species in this subset compared to other
resins. In particular, 4HP showed significantly lower spéatvandance (higher binding) for 21
of the 37 problematic HCPs, including 19 Group | HCPs and 6 Group || HCReWp IlI
HCPs (note that some HCPs are described by more than one group) compared to Capto Q.
Furthermore, 5 of the 37 species tracked wereeratfectively bound to 4HP compared to Capto
Adhere (pyruvate kinase, vimentin, clusterin, sulfated glycoprdteand serine protease
HTRAL). The remaining species in both cases showed no significant difference in spectral
abundance, and, as a resutt,problematic HCPs were found to be captured more effectively by
Capto Q than 4HP. The 6HP resin was also sgbaeis binding these HCPs compared to Capto
Q, showing significantly lower spectral abundance for 22 of the 37 investigated species,

including 19 Group | HCPs, 8 Group I, and 3 Group 11l HCPs.
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Table 55:  Tabulatedspectral abundance factor aAlOVA of CHO problematicHCPs by Capto Q, Capto Adhere, and HCP
binding peptide resinat pH 6, 150 mM sodium chlorid®lean and standard deviationggfectral abundance factor (N=3) are reported
for each species. Calculategd/alues for ANOVA comparisonsf each peptide resin compared to both benchmark resins (Capto Q and

Capto Adhere) are providedpé&cies identified by shotgun proteomics in this work e nt i f i e d &asedfop priortalt e ma t i
13,14,17,3234,43,47,48,8_4

Capto Q Comparison Capto Adhere Comparison

= g_ = Mean SpectralAbundance Factor ANOVA p-value ANOVA p-value

3 2|2

o |3 g Capto

Protein 6HP 4MP 6MP Capto Q | Adhere 4HP 6HP AMP 6MP 4HP 6HP AMP 6MP

X 0.018 +| 0.018+| 0.018+| 0.017
Biglycan 0.016 0.015 0.016 0.029 0.374 0.9463 0.9721 | 0.9623 | 0.1163 | 0.9781 0.9387 0.9538
Heat shoc| X
cognate protein 0.0005* | 0.0003* 0.1366 | 0.0008*] 0.0697 | 0.0092* | 0.0058* 0.7251
Fructose
bisphosphate X
aldolase 0.5008 | 0.7037 0.6246 | 0.9747 | 0.8078 1 0.467 0.80&
Heat shock prote XX ‘ 0.1197 | 0.1362 0.6596 | 0.1819 | 0.7513 | 0.6868 0.1699 0.9484
Lipoprotein lipasq XX 0.039 ‘ 0.0993 | 0.0015* | 0.7506 | 0.4613 | 0.4773 | 0.2581 0.0625 0.2235
Pyruvate kinase 0.0077 0.029 0.0115*| 0.0087* | 0.0457* | 0.0517 | 0.0332* | 0.0230* 0.2254 0.183
Sialidase | X ‘ 0.0002* | 0.0002* [ 0.0002* | 0.0002* 1 1 1 1
Actin, X ‘
cytoplasmic 1 0.0012* | 0.0012* 0.1049 | 0.0012*| 0.1632 0.1632 0.823 0.1632
Phosphoglycerat{ ‘
mutase 1 0.0042* | 0.0042* 0.3049 | 0.0042*| 0.3739 0.3739 0.4766 0.3739
Cathepsin B X X ‘ <.0001*| <.0001* | <.0001* | <0001*] 0.1151 0.1934 0.0004* 0.91%
Peptidytprolyl
cis-trans X 15+ 0.42
isomerase ) 0.8166 | 0.1933 0.9509 | 0.6013 | 0.1779 | 0.0378* | 0.1589 0.2079
Actin, alphq ‘ ‘ ‘
cardiac muscle 1 1 1 1 1 1 1 1 1
Matrix
metalloproteinasq X | X 0603.321
9 . 0.0234* | 0.0234* | 0.5983 | 0.0234* 1 1 0.2081 1
Protein disulfide] | ‘ ‘
isomerase A6 0.023 0.1165 | 0.1165 0.4227 | 0.1165 1 1 0.1162 1

: ]
Vimentin 0.031 0.020 0.0017*] 0.0017* | 0.0246* | 0.0087*] 0.0134* [ 0.0134* 0.9709 0.584
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Table 5.5(continued).

Mean Spectral Abundance Factor

2 | a
g |8 |8
: © |0 |6
Protein 4HP
Thrombospondin X 0.043 £
1 0.021
60S acidi
ribosomal protei| X
PO
Clusterin X
Matrix
metalloproteinasg X | X
19
Elongation factq X
2
Nidogenl X
X 0.66 =
Legumain 0.060
Glyceraldehyde
3-phosphate X
dehydrogenase
Sulfated
. X
glycoprotein 1
Glutathione  § X X
transferase P
0.25+
Cathepsin D XX 0.064
Phospholipase 4 X
like protein
Endoplasmic X
reticulum BiP
Alpha-enolase X
Serine  proteas
HTRA1 X X
Metalloproteinass X 0.80 =
inhibitor 1 0.048

6HP | 4MP
0.037 =

0.018

0.37 £
0.049

0.0080 £| 0.019 +
0.0069 | 0.018
0.010 + | 0.0093 +

0.0085 | 0.0081
0.73 £
0.15
030+ | 0.69=
0.11 0.069
0.031
0.027
0.10 £
0.016
0.011 + | 0.098 +
0.019 0.025
0.17 £
0.021

0.040 £ | 0.039 =
0.0009 | 0.00076
0.83+
0.25

6MP
0.037 =
0.017

Capto

0.17 =
0.050

0.012 +
0.012

0.73
0.059

041+
0.047
0.029 =
0.050
0.23
0.063
0.029 =
0.010

0.17
0.018
0.038 =
0.038
0.84 +

0.20 0.84+0.1

Capto Q Comparison Capto Adhere Comparison
ANOVA p-value ANOVA p-value
Capto
Adhere 4HP 6HP 4MP 6MP 4HP 6HP 4MP 6MP
0.2465 | 0.2227 0.3539 | 0.3327 | 0.2383 | 0.2038 0.3261 0.3122
0.3739 | 0.3739 0.3739 | 0.3739 1 1 1
0.28 £
0.074 | 0.0021*| 0.0018* | 0.0169* | 0.0085* | 0.0189* | 0.0105* | 0.1544 0.0845
0.0227*| 0.0227* | 0.6687 | 0.0227* 1 1 0.161
0.016 +
0.014 | 0.0012*| 0.0015* | 0.0065* | 0.0026*| 0.2445 | 0.4161 0.8165 0.6962
0.010 £
0.0085 | <.0001*| <.0001* | <.0001* | <.0001*| 0.4737 0.991 0.946 0.4758
0.67 +
0.078 | 0.2518 | 0.1904 0.9327 0.053 | 0.9014 | 0.1133 0.5393 0.2295
0.3739 | 0.3739 0.3739 | 0.3739 1 1 1
0.45 +
0.10 <.0001*| 0.0005* | 0.0030* | 0.0001*| 0.0179*| 0.1518 0.0274* 0.5946
0.030 £
0.026 | 0.0083*| 0.1234 0.9723 0.239 | 0.1161 | 0.9666 0.1072 0.9643
0.4527 | 0.0695 | 0.0441* | 0.7554 | 0.4552 | 0.1491 0.1122 0.7057
0.018 +
0.00055| 0.0068* | 0.0062* | 0.0295* | 0.0092*| 0.101 <.0001* | 0.0009* 0.1194
0.0006* | 0.0014* | 0.0302* | 0.0006* 1 0.3739 0.0026*
0.22 +
0.12 | 0.0275*| 0.125 0.8895 | 0.1135| 0.1086 | 0.4912 0.3966 0.4572
0.12 +
0.044 | 0.0025* | 0.0019* | 0.0018* [ 0.0069* | 0.0282* | 0.0324* | 0.0306* 0.0671
0.6755 | 0.4588 0.9611 | 0.9899 | 0.1325 | 0.0549 0.5022 0.398

138



Table 5.5 (continued).

Mean Spectral Abundance Factor

Capto Q Comparison
ANOVA p-value

Capto Adhere Comparison

ANOVA p-value

2 | a
2 |3 (2
o) 2
Protein ©|°
Cofilin-1 X
Out at frst X
proteinlike
Procolagen
lysine,2 X
oxoglutarate 5§
dioxygenase 1
Aldose reductas X
related protein 2
Elongation factq X
1-alpha
X X

Peroxiredoxinl

4HP 6HP 4MP 6MP | 4HP 6HP 4MP 6MP
0.0012*| 0.0005* | 0.0517 | 0.0021*| 0.0754 | 0.0129* | 0.0926 | 0.1023
0.3739 | 0.3739 | 0.8756 | 0.3739 1 1 0.3739 1
0.0014* | 0.0014* | 0.0014* | 0.0014*| 1 1 1 1
0.0119%| 0.0304* | 0.4879 | 0.0119*| 0.3739 | 0.9842 | 0.0694 | 0.3739
0.0352*| 0.0007* | 0.0007* | 0.0007*| 0.9015 | 0.3739 | 0.3739 | 0.3739
0.4817 | 0.0098* | 0.5542 | 0.0210*| 0.5982 | 0.8649 | 0.1423 | 0.5654
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In comparison to Capto Adhere, 7 of the 37 species were bound more effectively by 6HP.
Only 1 HCP, Group | HCP peptidgirolyl cis-transisomerase, showed statisticaligher
binding to Capto Adhere. Species more effectively captured by 4HP and 6HPredntga
benchmark resins showed good agreement, as expected given similarities in peptide functional
groups.

Among the peptidéased resins, 4AMP showed the lowest improvenmeHCP binding
compared to Capto Q and Capto Adhere; nonetheless, improved patbleiGP capture was
observedand was noted to be associated with the lowest mAb product binding as detailed in
prior work 3. 13 of the 37 considered species showed significantly lower spectral abundance
(higher binding) compared to Capto Q, including 9 Group | HCPs f4 GrddMs, and 2
Group Il HCPs. One HCP, Group I/l HCP Cathepsin D, was bound moreieéfgdy Capto
Q than 4MP, but overall, improved binding performance was obseDagdoAdhere binding of
problematic HCPs outperformed 4MP only for 5 species, namalysheck cognate protein,
cathepsin B, sulfated glycoprotein 1, phospholipasi&dprotein, and endoplasmic reticulum
BiP; however, the high mAb product binding observed with this (ssi&lrable 5.1 would
reduce the likelihood of its implementatioMB outperformed Capto Adhere with a single
protein, Group I/ll HCP serine protease RA1. While 4MP resin returned the lowest HCP
binding performance, it should be noted that by both quantitative and qualitative measures, it
outperforms quaternary amingdinds (Capto Q), which are currently employed on depth
filtration media for clearingdCPs in harvest fluids that feature comparable salt concentration to
that considered hefé1%2

Finally, 6MP behaved similarly to 6HP in improving the clearance@® Bpecies

compared to Capto Q, with the only excepsi@f pyruvate kinase and lipoprotein lipase.
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Compared to Capto Adhere, no statidtycaignificant difference was observed in the binding of
the 37 species of problematic HCPs; however, a significantly lower binding of the mAb product
was reported, confining previous findings of enhanced selectivity compared to Capto Athere
5.3 Conclusions

After identifying lea peptide ligand candidates for selective overall CHO HCP capture
3 qualitative evaluation of total numberdCPs bound by each resin was performed, and
problematic HCP species were identifibdt were more effectively bound by these novel
ligands based on semuantitative comparison of spectral abundance in static binding
supernatants. The capture of thesgRs coupled with improved specificity for HCP over
product IgG indicate that incorpron of these ligands in stationary phases for mAb purification
could improve HCP clearance and robustness in mAb purification processes. The ability of these
ligands tobind low percentages of IgG indicate that they are good candidates for weak
partitionng mode chromatography to achieve the high HCP clearance needed for
biotherapeutics. Additionally, when used for capture in high salt conditions, the peptide resins,
paricularly hydrophobic positive resins, were observed to be more tolerant of physabkeaji
conditions, as tested at 150 mM NaCl. Improved binding of lipoprotein lipase, cathepsin B,
matrix metalloproteinas®, matrix metalloproteinastd, endoplasmic teeulum BIiP, serine
protease HTRAL and sialidageat high salt were particularly prosing, as this shows evidence
that use of these ligands early in the purification process may help to limit product degradation
by proteolytic cleavage. Additionally, tleaintained HCP capture despite increase salt
concentration expands the possibiliiesthese ligands above and beyond what is possible with
traditional anion exchange | igands by all owin

either through tradibnal FT chromatography immediately pasrification, or by modification
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of depth fiters with these ligands to enable enhanced capture of HCPs during clarification.
Further work will focus on characterizing species removal when operated nthiloughor
weak partitioning mode in dynamic binding applications to determine achievabldddC
reduction values possible with these novel stationary phases.

5.4  Materials and Methods

5.4.1 Materials

For peptide synthesis and deprotection, ToyopeatPAATN0-650M resin br secondary
screening synthesis, triisopropylsilane (TIPS), ay&ethanedithiol (EDT) were obtained from
MilliporeSigma ( St .-dimethwfarnsamideM@MF), dicBlg&xgmethaNed , N 0
(DCM), methanol, and Nnethyl2-pyrrolidone (NMP) were obtainddom Fisher Chemical
(Hampton, NH, USA). Fluorenylmethoxycarbon{ffmoc) protected amino acids Fm&aly-

OH, FmoeSer(But}OH, Fmoelle-OH, FmoeAla-OH, FmoePheOH, FmoeTyr(But)-OH,
FmocAsp(OtBu}OH, FmoeHis(Trt)-OH, FmoeArg(Pbf)}OH, FmoeLys(Boc)OH, Fmoc
Asn(TrtrOH, and FmodGlu(OtBu)}OH in addition to 7Azaberzotriazot1-yloxy)tripyrrolidino-
phosphonium hexafluorophosphate (HATU), diisopropylethylamine (DIPEA), piperidine, and
trifluoroacetic acid (TFA) were obtained from Chdémpex Internationa{\WWood Dale, IL,

USA).

For proteomic analysis, acetonitrile, urgas, iodoacetamine, and formic acid were
obtained from Fisher Chemical (St. Louis, MO, USA), Repr&8il 12R C18AQ, 3 um resin
was obtained from Dr. Maisch GmbH (AmmerbtEhtringen, Ganany), and a 25 cm x 75 ym
PicoFrit analytical column was obtath&rom New Objective (Woburn, MA, USA). The
analytical nanoLC column was pressyecked irhouse with C18 stationary phase. Sequencing

grade modified trypsin was obtained from Promega Catjmor. Amicon 10kD MWCO
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centrifugal filters were obtained from MporeSigma. Biotechnology grade dithiothreitol was
obtained from VWR.

For static binding studies, sodium chloride, sodium phosphate (dibasic), sodium
hydroxide, hydrochloric acid, bisis, and tris were obtained from Fisher Chemical (Hampton,
NH, USA). Macrosep Advance 3kDa MWCO Centrifugal Devices were supplied by the Pall
Corporation (Ann Arbor, MI, USA). The model mAb production GIH® cell culture harvest
used for secondary screeningsyaovided by Fujifilm Diosynth (RTP, NC). Capto Q and Capto
Adhere chromatography resins were generously provided by GE Life Sciences (Marlborough,
MA, USA).

5.4.2 Toyopearl Peptide Resin Synthesis and Deprotection

The synthesis procedure was performed accgrtdira protocol adapted from Menegatti
et al.1®and is described in detail in prior wofk Individual ligand candidates previously
identified were synthesized and pooled as described in previous wBriefly, the peptides
were individually synthesized directly on Toyopearl-Amino-650M resin, and the resulting
adsorbents were pooled as follows: (i) hexameric hydrophobic positive (6HP )csjrising
of the peptide sequences GSRYRYGSG, RYYYAIGSG, AAH¥SG, IYRIGRGSG,
HSKIYKGSG; (ii) hexameric multipolar (6MP) resin, comprising ADRYGHGSG,
DRIYYYGSG, DKQRIIGSG, RYYDYGGSG, YRIDRYGSG,; (iii) tetrameric hydrophobic
positive (4HP) resin, comprisj HYAIGSG, FRYYGSG, HRRYGSG, RYFFGSG; and (iv)
tetrameric multiplar (4MP) resin, comprising DKSIGSG, DRNIGSG, HYFDGSG, and
YRFDGSG. All ligands were synthesized using standard Fanaioo acid coupling chemistry
and deprotection procedures as describgmtior work 3. Resins were washed three to five

times first with DMF then 20% methanol and stored in 20% armethat 28°C.
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5.4.3 Static Binding of HCPs to Peptide and Control Rsesi

The procedure for the static binding study performed to evaluate the peptide and
commercially available control resins (Capto Q and Capto Adhere) is described in detail in prior
work "3, Briefly, a mAb production clarified cell culture harvest derived from a @&Quild-
type cell line was obtainddr use as feed material. Clarified cell culture harvest was
corcentrated by a factor of ~4X (~1.2 mg/mL host cell protein) and diafiltered to the appropriate
buffer condition using Macrosep Advance 3kDa MWCO Centrifugal Devices. For pH 6 and 7
conditions 10 mM BisTris buffer solutions were used, and 10mM Tris wasduer pH 8
conditions, with Al owo and fAhigho salt buffer
respectively. The Toyopeadbased peptide resins (6HP, 6MP, 4HP, 4MP) were tested alongside
commercially available resins common in mAb purification witleiattion capabilities similar
to those of the peptide resins, Capto Q and Capto Adhere. Fresh resins were aliquoted into 1 mL
solid phase extraction (SPE) tubes at 25 pL settled resin vaathequilibrated with 3 x 500
pL of the appropriate load buffedResins were then incubated with the diafiltered CEl@arvest
for 1 hour on a rotator at HCP loads of ~5 mg HCP/mL resin and the resulting supernatant was
collected. The resins were then wadlwith 500uL load buffer, and the supernatant samples
(combinaton of the unbound fraction from static binding and the following wash) were pooled
for analysis. No elution was performed for this work, as the resins were used as-asengle
system.
5.4.4 Proteomic Analysis

Unbound fraction samples were prepared for prote@mnalysis by filteraided sample
preparation (FASP) with a modified trypsin digest adapted from the method described by

Wi Sni ews ki &.rBdeflyg 3®m doacksample or 16QL pooled static binding
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supernatant and wash samples were denatured in 5mM dithiothreitol at 56°C for 30 min. The
samples were then washed twice with 8 M urea, 0.1 M Tris HCI solution in 3 kDa MWCO
Amicon Ultra 0.5 mL spin filters (EMD Millipore, Darmstadt, Germany). Samples were then
alkylated with 0.05 M iodoacetamide at room temperature for 20 min. After washing again with
8 M urea, 0.1 M tris HCI followed by 50 mM ammonium bicarbonate, samplestwygsinized
overnight at 37°C with 15 pg/mL sequencing grade modified trypsin for a targeted
trypsin:protein ratio of ~1:100. Finally, samples were washed again with 50mM ammonium
bicarbonate prior to nanol-@S/MS analysis. Samples were then evaportaiettyness by
speedvac, reconstituted in 10Q€. aqueous 2% acetonitrile, 0.1% formic acid (mobile phase

A), and then further diluted 1:5 in mobile phase A prior to injection.

For nanoLCMS/MS-based proteomic analysis, all measurements were made in
the Molecular Education, Technology, and Research Innovation Center (METRIC) at NC State
University. Samples were loaded as 2 pL injections and proteins were separated by a 60 min
linear gradient at 300 nL/min of mobile phase A and mobile phase B (0.1% farichio a
acetonitrile) from 0 40% mobile phase B. The orbitrap was operated as follows: positive ion
mode, acquisitioii full scan (m/z 400 1400) with 120,000 resolving power in MS mode,
MS/MS acquisition using top 20 data dependent acquisition implemgdmgherenergy
collisional dissociation (HCD) with a normalized collision energy (NCE) setting of 27%.
Dynamic exclusion was utilized to maximize depth of proteome coverage by minimizing re
interrogation of previously sampled precursor ions.

Raw nanolC-MS/MS data were processed using Proteome Discoverer 2.2 (Thermo
Fisher, San Jose, CA). Searching was performed with a 5 ppm precursor mass tolerance and 0.02

Da fragment tolerance with ti@&ricetulus griseugChinese hamster) subset of the
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UniProtKB/Swis-Prot database. The database search settings were specific for trypsin digestion.
Specified modifications included dynamic Met oxidation and static Cys carbamidomethylation.
Identifications were filtered to a strict protein false discovery rate (FDRYocdrid relaxed FDR
of 5% using the Percolator node in Proteome Discoverer.
5.4.5 Relative Quantification of Individual HCPs and Bound Protein Analysis

Relative quantity of each protein across samples was calculated based on the spectral
count (SpC) for each prote!®in individual samples multiplied by the sample volume. The
spectral abundance factor (SAF) of individual proteins in the collected supernatant samples
(combination of the unbound fraction from the static binding anébtleving wash) was
calculated as shown HBquation 5.1

o
Yoo 6O

Equation 5.1: Calculated Spectral Abundance Factor, wHefdsj = spectral abundance factor
for proteini in samplg (kDa'), SpG = spectral cont of proteini in samplg, DF; = Dilution factor
for samplg, andLi = length of protein (kDa).

The relative abundance of every HCP in the feed sample was calculated based on

normalized spectral abundance factor (NS®Ejor each identified protein as shown in

Equation 5.2

YO O
B"Y0 'O
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Equation 5.2: Normalized Spectral Abundance Factor

A comparison of the relative quantities of individual HCPs in the supernetdeéed
samples was calucted by Analysis of Variance (ANOVA) of the SAF for every protein in the
corresponding samples using JMP Pro 14. For the analysis of bound HCPs, the protein SAF
values were used to compare the supernatants obtained by static binding of their corrgspondin

feed samples. fiBound HCPs o0 diywere ldentifiedinthedef i ned
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majority of feed samples.€., had a sum of spectral count greater than 4 across all replicates,
N=3) and(ii) were either not found in the supernatant sammlehowed significantly lower
spectral count(< 0.05 by ANOVA) compared to the feed sample. Venn diagrams of bound
proteins across peptidmsed and benchmark resins were constructed using the Venn Diagram
addin for IMP Pro 14. The nenormal distribubns for isoelectric points of depleted proteins

were compared by Krusk&Vallis H test with a 90% confidence interval using JMP Pro 14.
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CHAPTER 6. RESIN PERFORMANCE IN DYNAMIC BINDING MODE

6.1 Introduction

Monoclonal antibodies (mAbs) are the core of current cahegapy®. Since the
commercialization of the first therapeutic mAb in 1986, this family has grown to nearly 50
products approved in the U.S. and Europe, produe®tR5billion in combined sales by
2020 The wrrent manfacturing processes supplyingonoclonal antibodies (mAbs) to clinics
for human therapy rely on the established platform train of product capture fenmdeidiate and
final polishing.Product capture relies on Protein A affinity chromatograpiyle praduct
polishing comprises a combination of ion exchange and hydrophobic irdarar mixedmode
chromatograpmy?198110 While having proven effective for decades in supplying clingralde
mADbs, this platform may not to be up to the challenges thatgemdration biomanufacturing
faces First, tre high cost of these processes, particularly diRrdtein Abased adsorberits?!
limits substantiallythe access of patients worldwide to therdpayrther, the large footprint and
complexityassociated to the inherently batch nature of the capture and polishing steps, makes
process validation burdensome, reduces the number of products that can be processed at every
manufacturing site, and increases time to market. Further, a grbwaaygof literature is
focusing orthe identity and properties @fp r o lti | ceost aell proteins (HCPS)1417.18:3441,112
namelyspeciesecretedy the production cadltogether with the mAb prodyt¢hat pose a threat
to product safety and patient health.

In traditional bigrocessingthe validation of a batch of therapeutic mAb required the
certification of residual impurities (EP and DNA) to be below the FBitnposed limits. Today,
with the growinguseof advanced analytical techniques for protein identification and

guantificationatt he bi omanuf acturi ng s ipmematioc i€Psdanee
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effectively removeds crucial. Unfortunately, a number pfoblematicHCPs have been shown
to resist clearance Wrotein A and polishing adsorbetft®112113problematicHCPshave been
reported to cause delays in FDA clinical triatsd regulatory approvaf mAbs213114 with
severe financial impact on manufacturers.

To overcome these issues,prior workwe have developed an ensemble of peptide
ligands(multipolar peptide ligand mixtures 4MP and 6MP, and hydrophobic positivelpept
ligand mixtures 4HP and 6HR)hd demonstrated their applicabilityreesxtgeneration
multimodal ligands for the clearance of HCPs in flow through rff'deThese peptides have
been identified by screening combinatorididsghase libraries of linear peptides using a dual
fluorescence selection method that enabled the isolation of selectiv®iAdRy sequencés®?,
The buffer conditions tested prior workshowed optimal performance for the peptide ligands in
low salt concentrations.@. 20 mM NaCl), but direct application of harvest without required
buffer exchange would allow for immense benefit throughsprabbing of HCPsThis reduces
burden on the product capture step, enallomgier lifetime for Protein A resin, or alternatiye
implementation of less specific product capture resins such as cation exchange or HWRGWV
peptide resingd 118

Initial characterizatin of these peptides in static binding mode with a model CHO
harvest containing a therapeutic mAb indicated thapémngtioning coefficient (K, defined as
the rdio of the concentration of bourns.the concentration of nebbound proteinyvas shown to
bean order of magnitude higher for HCPs compared to nslbh a differencan K, for HCPs
vs.mAb demonstratethe potentialof these peptides to cleAICPsfrom cdl culture harvesby
weak partitioning mode chromatography (WP€ WPC relies orthe higher affinity ofthe

ligands forone componenthereinHCP impurties- compared to anothé&rherein the mAb
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product. As the harvest flliis contacted with the adsorbent, together with HCP binding, a
fraction of mADb is initially captured; however, as the loading progresses, the bounds mAbs are
displaced by the higheffanity HCPs.WPC, when successfully appliedAEX polishing steps,
is often associated with higher purity as compared to strictly-ffloaugh mode operation, and
is particularly effective in high yield and purity polishing for mAbs with a higi°®pWPC with
commercial ion extange and mixedhode adsorbents, however, is typically affected byla la
of robustness to variations in impurity profiles, and has been shown to provide insufficient purity
or yield with mAbs with lower than typical isoelectric pdffit On the other hand, our HEP
targeting peptids,with their high binding selectivity resulting from the design & library
screening methdd, show greapotential to improve HCP capture by WPC compared to
benchmark commeia resins €é.g, Capto Q).

In this study, the performance of selected peptide resins (4Miyopear] 6HP
Toyopear] and & equivolume mixture of thaine peptideswas evaluated inyshamic binding
conditions tadeterminethe ability of these resins to clear HABsWPCupondirect application
of theharvesffluid. Resins 4MP and 6HP were selected due to the diversity in their ability to
capture of HCPs from prior wotk Prior wok has shown that the clearance of HCPsadtt
conditions close to the values of typical hatviuids (150 mM NacCl) is improved when binding
is performed under slightly acidic (pH 6.0) conditions. In particular, 4MP ligands afforded a
Kp,mab=0.75 at pH 6150 mM. and overall possessing thghest HCP binding selectivity
among all tested peptide resifigResin6HP, whileretaining a higher amounf mAb product
(Kp.mab= 0.96 for the pH 6, 150 mM conditidi)featurecthe broadest binding of HCPs,
namely215 of 304 species identified in the feedmpared to 211 by 4HP, 193 by 6MP, and 145

by 4MP°. Accordingly, the clarified cell culture harvest was titrated to pH 6.0 and fed to
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columns pack with the abovisted pepides at differat values of residenaeme (0.5, 1, 2, and 5
min) and up to ¥70 mg protein/mL resinThe column effluent was continuously collected and
apportioned in fractions at increasing load in 1 mL incremerdigrftg/mL loaded at each
consecutivdraction). The resultingractions were analyzed by size exclusion chromatography
(SEC) to evaluate the profile of residual HCP impurities, and by analytical Protein A
chromatography (PrAC) to determine the mAb yield. The analysis of residual HCPs in the
effluent indicates that hb 6HP and 4MP ligands are useful to secure excellent dynamic capture
of impurities. 4MP was shown to capture more selectively high molecular weight impurities,
while 6HP was more effective in binding low molecular weight impw;itierthermore, the
combned 6HP4MP-Workbeads resin was as effective in clearing both high and low molecular
weight impurities as the individual resins.
6.2 Resultsand Discussion
6.2.1 HCP-Selective Peptide Resins in Dynamic Binding Mode

The HCP-targeting peptide6HP (GSRYRYGSG, HSKIYKGS, IYRIGRGSG,
AAHIYYGSG, and RYYYAIGSG) and 4MP (YRFDGSG, DKSIGSG, DRNIGSG, and
RYFDGSG) were individually synthesized on ToyopeartARino-650M resin as previously
described’. The resulting resins were mixed in equal volumes to generate the ads(ijbents
6HP-Toyopearl resin, comprising the five 6HP peptides AMP-Toyopearl resin,@mprising
the four 4MP pptides, andii) 6HP+4MRToyopearl resins, comprising all nine peptides. The
three adsorbents were packed in 0.1 mL columns, and equilibrated with 10 RIM$BE50
mM sodium chloride, pH 6.0. A volume of 10 mL of clarified CHQ IgG1 productiorharves

(~ 1.7 g total protein /Lwith ~1.4 mg/mL mAbresulting in a total protein load oft70 mg of

151



protein per mL resin) was loaded onto the columns at different residence times (0.5, 1, 2, and 5
min), and the effluent was constanthonitored at 280 nm

As anticipated, the resulting chromatograifigre 6.1) did not show any conspicuous
difference; given the low abundance of the HCP species relative to the mAb pr@dsét (~
HCPs), the mADb is in fact responsible for the UV sign@8&t nm.Noneheless, alight shift in
the shouldewas observed at the early stagéoafding with the shouldr becoming more
pronouncedvhenincreasingheresidence time. The cause of this shoulder and its associated

shift with increasing residencarte is, as of gt, unknown.
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Figure 6.  Mean chromatogram (N=3) for 4AMP, 6HP, and 6HP+4MP rfésmthroughbinding at 280 nm absorbance as a function
of residence time.
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6.2.1 Binding of mAb and mAb Product Yield

The capture of the mAb product by gheptide esins was monitored to evaluate the
extent of product loss. To this end, the mAb concentration in each fraction and in the feed was
measured by analytical Protein A chromatograghgure 6.2). The profiles of effluent mAb
concentration as a funah of cdumn volume(mL loadedper mL of resin) show a higher
concentration of mAD relative to the feed concentration (red line) within the range of load
beginning at-30 CVfor most resinsThis effect is particularly pronounced with the 6HP and
6HP+4MPresins, vinere the peaks in the mAb concentration profiles become more pronounced
at higher residence time. This indicates that mAb separation from HCPs is achieved by weak
partitioning,whereinmAb molecules weakly bound by 6HP peptides during the isitzaje of
loading are later displaced by incoming HCPs. During the later stage of loading, in fact, HCPs
outcompete mAb molecules for the peptide binding sites. The combination of mAb displacement
and continuous feeding results in the observed profile df sohcentation in the effluent above
the feed level at higher values of loading.

This conclusion is supported by the previous characterization of the pbptidd
adsorbents in static binding mode. First, the mAK6HP (K mabn= 0.96) was found to be
higher han that on 4MP (Kpmab= 0.75) at pH 6 and 150 mM sodium chloride; the higher
affinity of 6HP ligands for he mAb product implies that a larger fraction of mAb is bound-6HP
Toyopearl resins as compared to 4Vi&yopearl resins at the early stage of loading.
Furthermore, the peptide ligands have a stronger affinity for HCRsf= 7.3 and 6.1 for
4AMP and 6HPyespectively), which drives the displacement of the bound mAbs by the incoming

HCPs as additional harvest is loaded.
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Figure 6.2  Concentration of mAb iflow-throughfractions (N=3) by residence time and HCP
binding resin. The shaded red region indésahe mean mAb concentration = 1 standard deviation
in the titrated cell culture harvest feed.

To assesthe recovery of mAb producthevalues ofpooled yield as a fiction of CV
werecalculatedusingEquation 6.1 The results are reported kigure 6.3for different resins

and residence times.
e BO w
W QQuQ—m—
(Ol w

Equation 6.1 Calculated pooled yield, whel@ mab is the mAb concentration iffow-through
fractionf, Vis the volume oflow-throughfractionf, C mabiS the mAb concentration in the titrated
cell culture harvest loaded, and i¢ the cumulative feed volume loaded.
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Figure 6.3 Cumulative yield of mAb product (N=3) frorflow-throughbinding with HCP
selective resins as a function of resin agsidence timelNote the calculated pooled yield does
not incorporate any washing of the column.

Underthe binding conditionsadopted infiis work (150 mM NacCl, pH 6xll resins
affordedvalues of yield> 80%for levels of load abov60 CVloaded at which point themAb
concentration in the effluent approximates the corresponding value in the feed; this corresponds
to the end of the displament by HCPs and approaches the complete saturation of the peptide
ligands by HCPs. At 12, and 5 min residence timen particular pooled yield from all resins
exceeded 90% at the highest load testdd@mg/mL, 10 CV). Tabulated yield as a functiorfi 0
load CV and resimlong with mAb concentration and SEC resultseaalable in Appendix H,

Table H.1throughTable H.3.
6.2.2 Clearance of Higland LowMolecular Weight Impurities bijyCP-Selective Peptide Resins

The titrated feed and flothrough fractions were then analyzed by size exclusion

chromatography (SEC) to derive qualitative correlations between the clearangle ofdhecular
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weight (HMW, retention time < 11.8 min) and low molecular weight (LMW, retertime >

13.6 min) HCPs and the ligand type, protein load, and residence time. With this, we sought to

obtain a preliminary understanding of the conditions thatmope clearance of high and low

molecular weight HCP impurities. To this end, the chronratog were divided in three regions,

namely(i) high molecular weight (HMW\residence time < 12.8 m)iRCPs,(ii) main peak

(mAbs product and components with simitgdrodynamic radius), an@i) low molecular

weight (LMW, residence time £3.6 minutesHCPs, whose value of area were calculated by

integration of the chromatograrmigure 6.4). From these values the ratios of HMW:main peak

area, or AHMW%0pe ak darLeMaN: mari ni L MW%0, were cal c

among different fractions, residencendéis, loads, and resins.
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Figure 64: Example of SEC chromatogram for percent main peak, HMW %, and LMW %
analysis.

Figure 6.5and6.6report the values of HMW% dn_MW% as a function o€V loaded
(solid blue curves) obtained at different residence times using AdBpearl, 6HPToyopearl,
and 4MP+6HPToyopearl resins. The plots also report the cumulative HMW% and LMW% of
main peak (dashed green curves), respegteaculated usingquation 6.2and Equation 6.3,

and representing the simulated HMW% and LMW% if all fractions were pooled
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Equation 6.2 Cumulative HMW%at fracton f, whereAumw is theHMW peak area anfimabis
the main peak area.
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Equation 6.3 Cumulative LMW% of main peak at fractiénwhereA.mw is the LMW peak area
andAmabis the main peak area.
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Figure 6.5  High molecular weight percent (HMW %) of main peak friboav-throughbinding
with HCP-selective resins as a function of resin and residence time. The solid blue trend shows
the measured HMW% in each fraction, vehthegreen trend shows the calculated cumulative
HMW% to simulate the HMW% of a pool of all fractions. The shaded red region indicates the
HMW?% to main peak + 1 standard deviation in the titrated cell culture harvest feed.
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The relatively slow increase flow-through HMW% as the loading of the harvest on the
resin progresses across all residence times indicates that the {bagederesins possess high
binding strength and capacity for HMW HCPs. In particular, 4Mopearl resin showed
provided a bettecaptue of HMW HCPs, reaching a cumulati®1W% of 5.8%at the cutoff
value of load §0 CV or ~102 mg protein/mL resinorresponding t84% mAb yield) for the 5
min residence time, a 70% decrease in fraction of HMW species as compared to the feed. At
maxmum load,a 9.6% HMW% was observéd0 CV or 1D mg/mL, corresponding to a mAb
yield of 91%), or a 51% decrease in HMW% compared to the;fmecbntrast, 6HPToyopearl
resin affordeca HMW% of only 8.0% (59% lower than the feed)the60 CV cut-off loadand
11.8% (39% lower than the feed} the maximum load, when operate® atin residence time.
Notably, the combined 4MP+6HPoyopearl resin afforded a remarkabko24-fold reduction
in HMW species during the early stages of loadit@i(30 CV), while atthe cutoff load a
HMW% of 6.5% (67% lower than the fepd 0.9% a#d4% lower than the feddr maximum
load (N=1, replicate data in progresgt 1 min residence time, representing a reasonable range
for processing time (N=3 replicates for all cdrahs), HMW% was ~10% fodMP and
6HP+4MP (49% lower than the feed) compared to 12.4% for 6HP (36.4% lower than the feed )
at the cutff load. At maximum load, the HMW% increasted12.5% and 13.2% (36% and 32%
lower than the feed) for 4AMP and 6HP+4MPsprectively, compared th4.7% (25% lower than
the feed) for 6HP alone.igher HCP binding by the combined ligands compared to 4MP alone
suggests cooperative binding by 4MP and @igptides. Prior characterization of the ligaiids
in fact, showed that theopulations of HCPs captured by the different peptides overlap to some

extent, they also comprise a number of species that are uniquely captured by 4MP and 6HP.
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The correspondig analysis of the low molecular weight integrated area is shown in
Figure 6.6, which reports both fractional (blue) and pooled (green) values of LMW% of main
peak. The capture of low MW HCPs showed an inverse trend compared-dWdHCPs,
where 6HP an@HP+4MP ligands showed higher binding strength and capacity compared to
4MP ligands.Low clearancé> than 16% LMW%, or <25% lower than the feads obtained
with 4MP ligands at loads abo%@ CV, where the values of mAb yield would be industrially
viable (>80%), across all residence times. On the other hand,Teit&pearl and 6 HPAMP-
Toyopearl resibothafforded cumulativé MW% at 136 (37% below the feedjt the cutoff
value of load §0 CV, corresponding te80% mAb yield), and-16% LMW% (25% lower than
the feed)at the maximum loadLQ0 CV, corresponding to a mAb yield 880%) at 5 min
residence timeAt the 1 min residence time, LMW% was 15% and 1828% and 34% lower
than the feedfor 6HP and 6HP+4MP, spectively,compared to 1% for 4AMP (18% lowe than
the feed) at the cudff load. Improved clearance of loMW species was observed when
operating at higher residence time, particularly for the 6HP and 6HP+4MP resins. As mentioned
above, prior characterization of these resins in static binding3hiodé&ated substantial
differences in the binding of individual HCPs by ttlifferent resins, which corroborates the
differences observed in both %HMW and %LMW to main peak trends between the two ligand
sets.

Proteomic analysis of the cell culture hat#¢’3has shown that species with MW < 100
kDa account for the majority of the HCP population, suggesting that the clearana BB
will heavily rely on resins with high binding strength and capacitytMW species. Under this
premise, the results presented above are consistent with prior data produced in static binding

mod€e®, where a statistically significant clearance of a larger number of unique HCPs was
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observed for 6HP resin as compared to 48R the other hand, SEC methods separate proteins
based on their hydrodynamic radius in native conditions. LMW species that aiggoeg
associate with larger proteins, including the mAb product, may appear in the HMW region, and

thus this hypothesis musgélsupported empirically.
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Figure 6.6: Low molecular weight percent (LMW %) of main peak frlow-throughbinding
with HCP-seletive resins as a function of resin and residence firhe.solid blue trend shows
the measured LMW% in each fraction, while tireen trend shows the calculated cumulative
LMW% to simulate the LMW% of a pool of all fractionShe shaded red region indicatthe
LMW©% to main peak + 1 standard deviatiorthe titrate cell culture harvest feed.

Cumulative percent protein purity fdre mAb(Figure 6.7) was then calculated as shown
in Equation 6.4 A summary chart comparing cumulative purity and yield by gmrdis shown

in Figure 6.8.
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Equation 64: Cumulative purity at fractiof, whereA.mw is the LMW peak arga@umwis the
HMW peak areaandAmanis the main pak area.
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Figure 6.7: Cumulative percent purity (N=3) froffiow-throughbinding with HCPselective
resins as a function of resin and residence time. The shaded red region indicates the purity + 1
standard deviation in the titrated cell culture harvest.fee

The maximum protein purity observed from this work was observed@idr4MP at 5
min residence time argD CVload at an observed purity of 91.8%. While high purity was
observed at this condition, it came at a cost of extremely low product yield (4a7TAD¥ield).
On the other hanghurity washigher than the control randger the majority of flowthrough
fractions for all resins tested (excluding @ CV fraction, where low concentration of the
sample likely resulted in poor sensitivity in the SE€a#3.In line with the inverse relationship
between residence time andfput HMW% and LMW%, increased residence time appeared to
correlate with increased purity for all resins tested. While higher purities may be achieved with

increased residence timestremely long loading steps may be infeasible for process-apale
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At the 5 minute residence time, purity pbgtding ranged from 82 84% at thes0 CV cut-off
load (>80% vyield), a >10% increase in total purity compared to the fedd4B® decrease in
impurities observed by SE@)r all three resinsAt 1 and 2 min residere times, cumulative

purity decreased slightly to 7831%, but clear binding of harvest impurities was still observed.
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Figure 6.8 Summary contour plot of peptide ligand dynamicduig studies, showing yield
and cumulative mAD purity as a function ek, residence time, and volume loaded in CVs

6.3  Conclusionsand Future Work

The results in this study demonstrate that the proposed péptseel resins enable
antibody purification irfflow-through mode by combining selective capture of high and low
molecublr weight HCP impurities and high product yield. When utilized individually, 6HP and
4AMP ligands feature preferential capture of HCP species in the LMW and HMW regions,

respectively. Wien combined, the ensemble of peptide ligands afforded a significatiogdin
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the HCP level of the cell culture harvest, while providing good product yield. In particular, at the
60 CV cutoff load (~102mg/mL), a ~36% reduction in LMW% and a ~50% retion in
HMW0%, combined with ~B% mADb yield, were obtained when opergtit residence times a&f
min. A longer residence time (5 min), while providing higher yield and HCP capture, may not be
feasible for a scalable procesth direct application of haest especially when coupled with
the high loading needed to achieve high yield. Further characterization of selectéicr@dogh
fractions by HCP ELISA and proteomic analysis will be performed to obtain rigorous values of
total HCP capture and removalfofp o b | e h@Ps andinalize the value of load and
residence time that improve the removal of protein impurities. Proteomic analysis will also
indicate whether the highlW species captured by the peptide ligar@isapter 49, in
particular by 4MP, acmprise large HCPs only or include mAb aggregates and/or complexes of
mAb and lowMW HCPs as well. The future identification and quantification of the individual
species present in the high and low molecular weight regions will indicate whether valuable
flow-through capture of mAb aggregates with the 4MP resin is posAitidiionally, while the
condition tested here may be particularly useful forqumeibbing of HCPs with direct
application of cell culture harvest, the high salt/low pH feed condition maiespresent the
highest total HCP binding condition from prior work in static binding bteFurther work is
required to shovability of these ligands to bind HCPs with more favorable solvent conditions
for HCP capturgparticularly at the 20 mM NacCl, pH 7 condition
6.4  Materials and Methods
6.4.1 Materials

For preparation of peptide resins, ToyopddrtAmino-650M resin was obtained from

Tosoh Corporation (Tokyo, Japamiuorenylmethoxycarbony(Fmoc) protected amino acids
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FmocGly-OH, FmoeSer(But}OH, Fmoelle-OH, FmoeAla-OH, FmoePheOH, Fmoe
Tyr(But)-OH, FmoeAsp(OtBu}OH, FmoeHis(Trt)-OH, FmoeArg(Pbf}-OH, FmoeLys(Boc)

OH, FmoeAsn(Trt)-OH, and Fmoe5lu(OtBu)}OH in addition to 7Azabenzotriazoll-
yloxy)tripyrrolidino-phosphonium hexafluorophosphate (HATU), diisopropylethylamine
(DIPEA), piperidine, and trifluoroacetic acid (TFA) were obtained from Ghapex

International (Woodale, IL, USA).Kaiser test kits,rtisopropylsilane (TIPS), and 1,2

et hanedithiol (EDT) were obtained f+om Mil
dimethylformamide (DMF), dichloromethane (DCM), methanol, anté&thyl2-pyrrolidone

(NMP) were obtaineétfom Fisher Chemical (Hampton, NH, USA).

For dynamic binding studie§HO-K1 mAb-producingclarified cell cultureharvest was
generously provided by Fuijifilm Diosynth Biotechnologies (Durham, NC, US@agiium
phosphate (monobasic), sodium phosphate (dipdwsidrochloric acid, sodium hydroxide, bis
tris, ethanol,and sodium chloride were obtained from Fisher Scientific. Vici Jour PEEK 2.1 mm
ID, 30 mm empty chromatography columns &@dum polyethylene frits were obtained from
VWR InternationalThe Yarra3 um SEG2000 300 x 7.8 mm size exclusion chromatography
column was obtained from Phenomenex Ii@rfance, CAUSA). Repligen CaptivA Protein A

chromatography resin was generously provided by LigaTrap Technologies (Raleigh, NC, USA).

6.4.2 Methods
6.4.2.1Solid Phasd’egide Synthesis and Side Chain Deprotection

The following peptides were synthesized in place on ToyopearAAkno-650M (~0.1
mmol amine/mL resin loadin@.6 mL settled volume per reaction yidRYYYAIGSG,
HSKIYKGSG, GSRYRYGSG, IYRIGRGSG, amAHIYYGSG for 6HP resin preparation, and

DKSIGSG, DRNIGSG, HYFDGSG, and YRFDGS@&@ 4MP. Peptide synthesis proceeded
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usinga Biotage Syro Il automated parallel synthesizer st#éimdard Focchemistry as

previously describ€ed. Briefly, Toyopearl resin was swelled for 20 min at 40°C for 20 min in
DMF prior to amino acid coupling. For each amino acid coupling, resin waisated with a

1:1:4 ratio of Fmogorotected amino acid:HATU:DIPEA at a molar excess-bf®@mpared to
number of free aminesontheresin t her under @Al ow tdx¥Cfprednant ur e 0
or f@Ahigh t emp e20minh &ar @och cyxlgpresencd « frek antines was monitored
by Kaiser testandadditional cycles were performed until the Kaiser test appeared clear or light
blue, or until the Kaiser test color stoppehanging (4 8 couplings). After washinfpur times

(4X) with 2 mL DMF, Fmoc deprotection was performed by incubation with 20% piperidine at
room temperature for 10 minutes followed by a wash with 2 mL DMF 4X. For the longer 6HP
sequences, a second d&pction step at 40% piperidine for 3 min at room temperature was
added teensure the deprotection went to completion for the final two cycles, followed by a wash
step with 2 mL DMF 4XThe resins were then washed 4X with ~5 mL DCM with intermittent
spargng of compressed air, then dried to a fine powder with a compressedréay o$ele

chain deprotection of theeptides was then performed via incubation with 6 mL 95% TFA, 3%
TIPS, 2% EDT, and 1% deionized water per 0.6 mL resin for 2 hours on a rétet@pent
deprotection solution was removed, and the resins wash setjyemtia DMF, 100% methanol,

and 20% methanol for storage. Rdsprotection, the peptides were sequenced by Edman
sequencing teerify that the synthesis performed as expedtatividual peptide resins for each
group were then pooled with equal settletlime of each peptide for 6HP, 4MP, and an equal

mixture of all 9 peptides (6HP+4MP), which were well mixed to evenly distribute.
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6.4.2.2Peptide Resin Bindingn Dynamic Binding Mode

Dynamic binding experiments were performed using an AKTA Pure 25 L FPLC (GE
Heathcare Life Sciences, Chicago, IL, USA)1 mL of6HP, 4MP, and 6HP+4MP resins
suspended in 20% ethaneéresyringepacked in Vici Jour PEEK 2.1 mm ID, 30 noolumn
then washed ith 20% ethanol at 1.0 mL/min for 10 min (~100 CV). Prepared columns were
used as single use columns, and no elution or regeneration was performed. Coluntherwere
washed with deionized water for at least 3 CVs, #gplibrated in 10 mM Bigris, 150 nM
sodium chloride, pH 6.0 for 10 CVs (1 majthe flowrate proscribed blig¢ experimental
conditionas described in Tablel6 Clarified CHOK1 mAb production harvest was titrated to
pH 6.0with 1 M hydrochloric acid, then 10 mL was loaded at the prosdrilowrate by
experimental condition in triplicatenless otherwise inditadas described ifiable 61. Flow-
throughfractions were collected atmL increments for further analysis. Following load, the
column was washed with 20 Gdquilibration buffer at the proscribed flowrate, and a pooled

wash fraction was collected unti@ nm absorbance dropped below 50 mAU.
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Table 61: Dynamic binding exp@mental matrix for evaluation of HG8elective peptide
resins 4MP, 6HP, and 6HP+4MP

Residence Time (min)/
Resin Flowrate (mL/min) Replicates
0.5 min (0.2 mL/min) 3

1 min (0.1 nb./min)
2 min (0.05 mL/min)
5 min (0.02 mL/min)
0.5 min(0.2 mL/min)
1 min (0.1 mL/min)
2 min (0.05 mL/min)
5 min (0.02 mL/min)
0.5 min (0.2 mL/min)
1 min (0.1 mL/min)
2 min (0.05 mL/min)
5 min (0.02 mL/min)

4AMP

6HP

6HP+4MP

NWWWWWWwwww(w

6.4.2.3Quantification of mAb by Analytical Protein@Ghromatography

Concentration of mAb product in titrated harvest 8oa@-throughfractions was
determined by analytical Protein A chromatography using a Waters Alliance 2690 separations
module system witlh Waters 2487 dual absorbance detector (Waterso@dipn, Milford, MA,
USA). Repligen CaptivA Protein A resin packed in a Vici Jour PEEK 2.1 mm ID, 30 mm
column was equilibrated with 20 mM sodium phosphate, 150 mM NacCl, pH 7.4 until 280 nm
absorbance arglstem pressure was stall®.uL for each sampler standard was injected, and
liquid chromatography proceeded as outline@able 62. 280 nm absorbance (A280) was
monitored, and concentration was determined based on the peak area of the A280ezlltion p
Purified mAb at 0.1, 0.5, 1.0, 2.5, and 5.0/mQg were injectednto the column to create a

standard curve, as shownHkigure 6.9.
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Table 62: HPLC Gradient for mAb Quantification by Analytical Protein A Chromatography

Time | Flowrate

(min) | (mL/min) | % Buffer A | % Buffer B
0.00 | 0.5 100% 0%

200 |05 100% 0%

201 |05 0% 100%

6.00 | 0.5 0% 100%

6.01 | 0.5 100% 0%

10.00 | 0.5 100% 0%

1.E+07
y = 2E+06x + 13434

1.E+07 RZ = O'QV
8.E+06

6.E+06 /

4.E+06

2 E+06 -/

0.E+00 / ‘ ‘ ‘ ‘

0 1 2 3 4 5 6

Peak Area

IgG Concentration (mg/mL)

Figure 6.9: Calibration curve for mAb quantification by analytical Protein A chromatography

6.4.2.4Analysis of Bulk Protein Impity Captureby Size Exclusion Chromatography
Percent protein impurities relative to the main mAb product determinedy
analytical SECAnalytical SEC was performed using a Yarra 3 um S000 300 x 7.8 mm
column with an isocratic method operated &triL/min 20mM sodium phosphate, 150 mM
sodium chloride, pH 7.4 for 40 min per sample. 50 pL was injected per feed anthiftaygh
sample, which was monitored at 280 nm absorbance (A280) for andlysistermine percent
main peak, HMW percent of maingle and LMWpercent of main peak, the sum total
integrated area between all peaks and the baseline were integrated. The integrated peak area was

then separated into three sectiommnually based on retention time relative to the main product
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peak appearingt ~150 kIx (seeFigure 6.2) as determined by injection of a molecular weight
ladder where the HMW peak area is the integrated area of all A280 signal at retention times less
than that of the main peakain peakand LMWat retention times greater thdretmain pela
with termination of peak area integration at the retention time corresponding to ~10 kDa. Due to
the nature of the harvest samples, a large population of small molecular weight impurities that
absorb strongly at 280 nm and are very unlikelgggroteimceous appear at MW <10 kDa, and
thus were not included in this analysis.

Output integration data was then reported as HMW % of main peak and LMW % of main

peak, calculated as shownHgquation 64 andEquation 6.5, respectively.
- o
00 wb € OO QAEQ® ‘Q—O pmimb

Equation 6.4: High molecular weight percent of main peak as calculated from SEC analysis,
where Asain and Aqvw are the integrated A280 main (mAb) and high molecular weight peak areas,
respedwely.

VY o
00 wb ¢ Qw(ubsQoo%— primb
Equation 6.5: Low molecular weight percent of main peak as calculated from SEC analysis,

where Auain and Amw are the integrated A280 main (mAb) and low molecular weight peak areas,
respectively.
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CHAPTER 7. CONCLUSIONS AND RECOMMENDED FUTURE WORK

7.1  Conclusions

This body of work shows the successful design of t€lRctive ligands for scrubbing of
HCP impurities from mAb cell culture production systems. A strategy for selecting-target
selectivepeptide ligands &m a solid phase, ofleeadonecomponent peptide library was
developed, incorporating simultaneous positive and negative screening using multiplexed
fluorescence screening. This multiplexed appragas implemented successfully via manual
fluorescent imagig and selection, sorting based on-gséablished fluorescence thresholds using
an automated microfluidic device, aselection of library beads by thresholding based on the
geometric fluorescence mean of the whole population by ClorZe@isemble imagn
Implementation of the microfluidic device reduced the time to screen library beads from days to
hours, while ClonePix 2 selection enabled statistically based thresholding criteria that allows for
more rigorous screening of larger pogtidns of librarybeads.

Using these multiplexed library screening techniques, multipolar and hydrophobic
positive peptides were identified pstential ligands for selective HCP capture. Mixtures of
these peptides (4MP and 6MP, or multipolar ligands widéimd 6 combinatorial positions,
respectively, and 4HP and 6HP, or hydrophobic positive ligands with 4 and 6 combinatorial
positions, respectely) were evaluated compared to commercial adsorbents in static binding
mode, showing that total HCP capture aetectivity was equivalent or better that the
benchmark anion exchange resin, Capto Q. Additionally, despite the multimodal interaction
capabiities these ligands allow for given the diversity of amino acid residues, drastically
improved selectivity was aerved compared to the multimodal benchmark, Capto Adhere,
acrossll experimental conditions tested. In evaluating the effectiveness ofpbptéee resins
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in binding individual species of protein, an increase in the number of unique HCP species bound
was observed for the peptide resins compared to Capto Q, most notably at salt concentrations
close to conditions in clarified cell culture harzé&vo of the four peptide groups, 6HP and
AMP, were of particular interest given (i) the high number of unigaeiss captured by 6HP
compared to theemaining peptide resins, and (ii) the unique characteristics of the 4MP resin,
where decreasing pH apped to increase the number of species bound while maintained low
binding of the mAb product.

Preliminaryevaluaion of theperformancdor the 4MP and 6HP resims dynamic
binding conditiondy size exclusion chromatography further supported (i) that the developed
peptide resins bound nanAb impurities as expected based on the static binding results, and (ii)
thatdifferences in interactions for the two resins resulted in clearance of dtfferpurities.
Notably, 4MP resin was observed to be particularly effective in clearing species where apparent
MW was greater than that of the mAb, while 6HP was more effeictigiearing species with
apparent MW less than the mAb. Furthermore, mixed 8WHP-resin was shown to combine
the HMW performance of 4MP and the LMW performance of 6HP without substantial decrease
in protein load.
7.2 Recommended Future Work
7.2.1 HCP-Selective Pgtide Ligands

From this body of work, it is clear that the developed peptidmtlg are effective for
HCP-selective capture. However, optimization of the base matrix, linker, and ligand density was
not within the scope of this work. The polymethacrylaased Toyopearl AFRMino-650M resin
was selected specifically to enablelmenad eptide synthesis and screening with a

chromatographic resirearly attempts to graft purified Ha#nding peptide candidates to a
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previously developed linker system used witwRGWVC (Workbeads 40 TRER®!?!showed
poor binding and selectivity for HCPs. Nonetheless, a leragamteening of base matrix and
linker chemistries in addition to controlled ligand density may prove beneficial in the improving
binding capacity, selectivity, and process step y@l@fting the peptides membrane filters of
other nonwoven constructedutd additionally allow for effectiveness at much shorter residence
times due to high available surface af@arthermoregvaluation of batcto-batch variability for
resin preparation in addition to performance against a panel of diverse mAb constilnzstan
cell lines is required to demonstrate robustness of these novel resins.

Additionally, work performed in Chapter 2 along wiihor art-3841.102gyggest that
process intensification via HCP capture during the harvest clarificatpmsssble using
adsorptive depth filters. In particular, immobilization of quaternary amine antbksatint
guaternary amine functional groups have been shown to be effiectiapture of a subset of
fipr obl e md'testablishing & Bramising approach to robust process intetisific
Given the improved performance in HCP capture by the peptide ligands as compared to
guaternary amine, immobilization the developed HCP ligands in depth filtration media for use in
clarification may result in a drastic increase in HCP capture dthianglarification step.
Previous work has clearly demonstrated the value of scrubbing cell culture harvest of some
impurities prior to the Protein A capture step as a result of both improved Protein A performance
and extended lifetime of protein A re&in® 122 which would likely also extend to enhanced
clearance of HCPs in clarification by incorporatarihese ligands. Furthermore, capture of an
expanded number of HCP species by direct application of harvest may enable robust
implementation ohonProtein A bindandelute steps that are less specifiat cheaper and

higher productivity such as CEXhultimodal resins, or even Protein A mimetics such at
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HWRGWV. This approach has been proven effective for CEX capture of mAb with pre
scrubbing of impurities by precipitati&, but precipitation method may lack the proeitast
product robustness necessary to implement as part of a mAb platform approach.

While the existing ligands developed in this body of work were effective for a wide
varnety of HCP species present in mAb production cultures, their capture effectiveness could be
further enhanced by identification of peptides that bind to HCPs that the existing ligands do not
capture. A consecutive approach to library screening, wherensayee performed against CHO
HCPs that have been depleted by the existing ligands, is recommended to identify new peptide
moieties that show effective binding of species like metalloproteinase inhibitor I, which showed
inadequate binding to the peptidains. Additionally, performance of the existing ligands could
be improved by a sitdirected mutagenesis approach which includes the incorporation-of non
natural amino acids for more diversity in binding interaction mechanisms and potentially
increased afhity of the HCPs.

While the HCP binding ligands alone are not sufficient to enableffally:through
continuous processing, a thorough evaluation of additional flovethroughtechnologies
alongside these HGs&elective ligands may offer an opporturtilymake further progress
towards this goal. Prior attempts to create a filly-throughprocess have shown promising
results for fully flowthrough processes based around intsricapture by depth filtratidhand
activated carbon qaure?4126 however they stop short of demonstrating clearance of product
degrading or highly immunogenic species of host cell protega@®analysis of impuritge
captured by activated carbon capture compared to HCP binding ligand€nabld further

development of fully flowthrough processes for mAb purification.
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APPENDIX A. PROTEOMIC CHARACTERIZATION OF CHO -S NULL CLARIFIED HARVEST

Table A.1: Identificationand relative quantification of host cell proteins from GB@ull cell culture harvest pvaed by BTEC
by shotgun proteomic analysis as described in Chapter 2.

Spectral Counts Normalized Spectral Abundance Factor (NSAF)
Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Chondroitin sulfat
proteoglycan 4 G3HOE4 252 84 87 94 88 5 5.8E02 | 4.6E03 | 48E03 | 48E03 | 4.7E03 | 1.4E04 | 3.0E02
Clusterin G3HNJ3 52 43 34 36 38 5 13601 | 11E02| 9.1F03 | 9.0E03 | 9.8E03 | 1.3E03 | 1.4E01
Galectin3-binding protein G3H3E4 64 25 29 26 27 2 78602 | 54E03 | 6.3E03 | 5.3E03 | 5.6E03 | 5.8604 | 1.0E01
Basement membrarspecific
heparan sulfate proteoglycan
core protein G3HIM1 334 71 66 70 69 3 3.8E02 | 29E03 | 2.7E03 | 2.7E03 | 2.8E03 | 1.1E04 | 3.8E02
Carboxypeptidase G3H8V5 54 49 54 47 50 4 72602 | 1202 | 14E02 | 1.1E02 | 1.3E02 | 1.3E03 | 1.1E01
Cathepsin B G3HOL9 38 49 48 58 52 6 1.1E01 | 18E02| 1802 | 2.0E02 | 18E02 | 1.2E03 | 6.8E02
Alpha-enolase G3IAQO0 47 35 38 43 39 4 10E01 | 10E02| 1.1E02 | 12E02 | 1.1E02 | 8.3E04 | 7.5E02
Fibronectin G3I11V3 273 59 49 35 48 12 25E01 | 3.0E03 | 25E03 | 1.7E03 | 24E03 | 6.6E04 | 2.8E01
Phospholipid transfer protein | G3H8V4 54 44 41 47 44 3 6.8602 | 1.1E02 | 1.1E02 | 1.1E02 | 1.1E02 | 3.9E04 | 3.5E02
Inter-alphatrypsin inhibitor
heavy chain H5 G3GR64 102 46 43 46 45 2 3.86-02 | 6.2E03 | 59E03 | 5.8E03 | 6.0E03 | 1.9E04 | 3.2E02
Cluster of Pyruvate kinase G3H301 52 34 36 40 37 3 8.3E02 | 9.0E03 | 9.6E03 | 1.0E02 | 9.5E03 | 5.1E04 | 5.3E02
AOA061HU
Biglycantlike protein R7 42 39 42 54 45 8 18E01 | 13E02| 14E02 | 17602 | 14E02 | 20E-03 | 1.4E01
Metalloproteinase inhibitor 1 G3IBHO 22 15 22 27 21 6 28601 | 93E03 | 14E02 | 16E02 | 13E02 | 3.4E03 | 2.6E01
Cluster of Plasminogen
activator inhibitor 1 G3HA54 31 29 28 23 27 3 12E01 | 13E02| 1302 | 9.6E03| 12E02 | 18E03 | 1.5E01
Cluster of Elongation factor 2 | G3HSL4 97 37 41 42 40 3 6.6E02 | 5.2E03 | 5.9E03 | 5.6E03 | 5.6603 | 3.3E04 | 5.8E02
Legumain G3I1H5 50 34 27 31 31 4 1.1E01 | 9.3E03| 75E03 | 8.0E03 | 8.3E03| 9.3E04 | 1.1E01
Cluster of Nucleobindi2-like AOA061HX
protein K3 53 46 41 55 47 7 15601 | 12E02| 1.1E02 | 13E02| 12E02| 13E03| 1.1E01
Ribonuclease T2 G314D4 30 17 37 39 31 12 39E01 | 78603 | 1.7E02 | 1.7E02 | 1.4E02 | 5.3E03 | 3.8E01
Cathepsin D G314W7 44 18 28 21 22 5 23E01 | 5.6E03 | 8.8E03 | 6.2E03 | 6.9E03 | 1.7E03 | 2.5E01
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Table A.1(continued).

Spectral Counts Normalized Spectral Abundance Factor (NSAF)
Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Retinoidinducible serine
carboxypeptidase G3H1D5 51 32 34 30 32 2 6.3602 | 8.6E03 | 9.3E03 | 7.6E03| 8.5E03 | 8.3E04 | 9.8E02
Phosphoglycerate kinase 1 PGK1 45 20 26 20 22 3 16601 | 6.1E03 | 8.0E03 | 5.8603 | 6.6E03 | 1.2E03 | 1.9E01
78 kDa glucoseegulated
protein G3I8R9 72 48 44 50 47 3 6.5E02 | 9.1E03 | 8.5E03 | 9.0E03 | 8.9E03 | 3.4E04 | 3.8E02
Heat shock cognate protein AO0A061I15D1 74 45 43 46 45 2 34E02 | 83E03 | 8.1E03 | 8.0E03 | 8.2E03 1.6604 | 1.9E02
Cluster of Glutathione-S
transferase Mu-like protein AOQA0611JC4 90 28 26 32 29 3 1.1E01 | 43E03| 40E03| 46E03| 43E03| 29E04 | 6.9E02
Fructosebisphosphate aldolase| G314H6 39 16 21 29 22 7 3.0E01 | 5.6E03 | 75E03 | 9.6E03 | 7.6E03 | 2.0E03 | 2.6E01
Sulfated glycoprotein 1 G3I1Y9 27 10 23 18 17 7 3.9E01 | 51E03| 1.2E02 | 86E03 | 8.5E03| 3.4E03| 4.0E01
Acid ceramidase G3GZB2 45 25 21 25 24 2 9.8E02 | 76E03 | 6.5E03 | 7.2E03 | 7.1E03 | 5.7E04 | 8.0E02
Cathepsin L1 G3INC5 37 28 34 26 29 4 14E01 | 1.0E02 | 13E02 | 9.1E03 | 1.1E02 | 19E03 | 1.7E01
Cluster of Glutathione-S
transferase P G3I3Y6 25 18 14 20 17 3 1.86-01 | 99E03 | 7.8603 | 1.0E02 | 9.3E03 | 14E03 | 1.5E01
Peptidytprolyl cis-trans
isomerase G3H533 24 20 19 26 22 4 1.7E01 1.1E02 | 1.1E02 1.4E02 1.2E02 1.6E03 | 1.3E01
Adipocyte enhancebinding
protein 1 G3HMAL 128 31 34 24 30 5 17601 | 33E03| 3.7E03 | 24E03 | 3.1E03 | 6.5E04 | 2.1E01
Cluster of Heat shock protein
HSP 96alpha HS90A 85 24 24 25 24 1 24E02 | 39E03 | 3.9E03 | 3.8E03 | 3.9E03 | 5.9E05 | 1.5E02
Nidogenl G3HWE4 79 23 23 19 22 2 1.1E01 | 40E03| 40E03 | 3.1E03 | 3.7E03 | 5.2E04 | 14E01
Putaive phospholipase#ike 2 | G3I6T1 66 23 14 19 19 5 24E01 | 48E03 | 29E03 | 3.7E03 | 3.8503 | 9.2E04 | 2.4E01
Cluster of Glyceraldehyd@-
phosphate dehydrogenase G3P 36 22 27 18 22 5 2.0E01 | 84E03 | 1.0E02 | 6.5E03 | 8.4E03 | 2.0E03 | 2.3E01
Tissue alphd_-fucosidase G3HMV7 53 24 28 31 28 4 13601 | 6.2E03 | 7.3E03 | 76E03 | 7.0E03| 7.3E04 | 1.0E01
Vimentin G3HHR3 54 30 25 29 28 3 9.4E02 | 76E03 | 6.4E03 | 7.0E03 | 7.0E03 | 5.9E04 | 8.4E02
Peptidytprolyl cis-trans
isomerase A PPIA 18 13 16 23 17 5 3.0E01 | 9.9-03 | 1.2E02 1.7E02 13602 | 3.4E03 | 2.6E01
Peroxiredoxinl PRDX1 22 20 19 21 20 1 5.002 | 1.2E02 | 1.2E02 | 1.2E02 | 1.2E02 | 2.4E04 | 1.9E02
Endoplasmin G3HQM®6 93 31 26 28 28 3 8.9E02 | 4.6E03 | 3.9E03 | 3.9803 | 4.1E03 | 3.9804 | 9.5E02
Laminin subunit bet1 A0QA06116V4 200 21 20 17 19 2 1.1E01 14603 | 1.4E03 1.1E03 1.3E03 1.8604 | 1.4E01
Betagalactosidase (Fragment)| G3H2P3 74 20 21 21 21 1 28E02 | 3.7E03 | 3.9E03 | 3.7E03 | 3.8E03 | 1.5E04 | 3.9E02
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession Mw Rep | Rep | Rep St

Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Osteopontin G3IKQ9 13 16 23 23 21 4 20E01 | 1.7E02 | 25E02 | 23E02 | 2.1E02 | 4.1E03 | 1.9E01
Cathepsin Z Q9EPP7 34 11 15 19 15 4| 27801 | 44E03 | 6.1E03 | 7.2E03 | 59E03 | 14E03 | 2.4E01
Cluster of L:-lactate
dehydrogenase G31255 42 16 15 18 16 2 9.4E02 | 5.2E03 | 5.0E03 | 55E03 | 5.2E03 | 2.9E04 | 5.6E02
Glucosylceramidase G3HC47 57 18 17 20 18 8.3602 | 4.3E03 | 4.1E03 | 45E03 | 4.3E03 | 2.0E04 | 4.6E02
Cluster of Actin, cytoplasmic 1 | ACTB 42 19 11 17 16 4 27E01 | 6.2E03 | 3.6E03 | 5.2E03 | 5.0803 | 1.3E03 | 2.6E01
Cluster of Procollagetysine,2
oxoglutarate flioxygenase 1 G3IIE7 76 21 22 27 23 3 14E01 | 3.8603 | 4.0E03 | 4.6E03 | 4.1E03 | 4.2E04 | 1.0E01
Proteinglutamine gamma
glutamyltransferase 2 G3GXZ0 77 18 21 18 19 2 9.1E02 | 3.2E03 | 3.8603 | 3.0803| 3.3E03| 4.0E04 | 1.2E01
Cluster of Plectin (Fragment) PLEC 509 21 12 27 20 8 3.8601 | 5.7E04 | 3.3E04 | 6.9E04 | 53E04 | 1.8E04 | 3.5E01
Transketolase G3GUU5 68 23 18 21 21 3 1.2E01 | 4.6E03 | 3.7E03 | 4.0E03 | 4.1E03 | 4.9E04 | 1.2E01
Dipeptidytpeptidase 2 G3IN86 56 18 17 20 18 2 8.3E02 | 44E03 | 4.2E03 | 4.6E03 | 4.4E03 | 2.0E04 | 4.6E02
Sulfhydryl oxidase G3H716 70 23 23 13 20 6 29E01 | 45E03 | 46E03 | 24E03 | 3.8503 | 1.2E03 | 3.2E01
Betahexosaminidase G3HXN7 60 19 23 25 22 3 14E01 | 43E03 | 53E03 | 54E03 | 5.0E03 | 59E04 | 1.2E01
Alpha-N-acetylglucosaminidasg G3HLX3 83 22 19 12 18 5 29E01 | 3.6E03 | 3.2E03 | 1.9E03 | 29E03 | 9.2E04 | 3.2E01
EMILIN -1 G3GXS2 107 18 20 15 18 3 14E01 | 2.3E03 | 2.6E03 | 1.8E03 | 2.2E03 | 4.0E04 | 1.8E01
Lipase G3HQY6 46 14 16 25 18 6 3.2E01 | 42E03 | 4.8E03 | 7.0E03 | 5.3E03 | 15E03 | 2.8E01
Elongation factor falpha 1 EF1A1 50 19 11 12 14 4 3.1E-01 | 52E03 | 3.1E03 | 3.1E03 | 3.8603 | 1.2E03 | 3.2EO01
Nidogenl G3I3U5 30 18 19 17 18 1 5.6E02 | 8.2E03 | 8.8503 | 7.3E03 | 8.1E03 | 7.4E04 | 9.1E02
Glypicanl G3H4T5 86 11 13 12 12 1 8.3E02 | 1803 | 2.1E03 | 1.8E03 | 19E03 | 1.9E04 | 9.9E02
Laminin subunit iphab G3HGW6 406 12 13 13 13 1 46E02 | 41E04 | 45E04 | 4.1E04 | 42E04 | 2.1E05| 5.0E02
Collagen alphd. (VI) chain G3H8Y5 89 15 18 13 15 3 16601 | 23E03 | 2.8E03 | 19E03 | 2.3E03 | 4.6E04 | 2.0E01
Calsynteninl G3ILK7 92 13 19 13 15 3 23E01 | 19E03 | 29E-03 | 1.8E03 | 2.2E03 | 5.7E04 | 2.6E01
Matrix metalloproteinasé9 G3HRK9 59 25 25 25 25 0| 0.0E+00| 5.8E03 | 59E03 | 55E03 | 5.7E03 | 2.1E04 | 3.7E02
Peroxidasirike G3HBI1 165 17 14 11 14 3 21E01 | 14E03 | 1.2E03 | 8.6E04 | 1.2E03 | 2.8E04 | 2.4E01
Dystrodycan G3H8F4 97 13 11 19 14 4 29E01 | 1803 | 1.6E03 | 25E03 | 2.0E03 | 5.0E04 | 2.5E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep2 Rep 3 Avg St Dev % CV
Cluster of Protein disulfide
isomerase Q91781 57 31 31 36 33 3 8.8502 | 75E03 | 7.6E03 | 8.2E03 | 7.7E03 | 3.9E04 | 5.0E02
Protein disulfideisomerase AOA06110G5 52 24 22 31 26 5 18601 | 6.3E03 | 59E03 | 7.7E03 | 6.6E03 | 9.6E04 | 14E01
Lactadherin G3ICD3 16 8 13 13 11 3 25E01 | 69E03 | 1.1E02 | 1.1E02 | 9.6E03 | 24E03| 2.5E01
Transaldolase G3I3G8 37 14 16 14 15 1 79E02 | 5.2E03 | 6.0E03 | 49E03 | 54E03 | 5.8E04| 1.1E01
Cluster of Putative out at first
protein like protein (Fragment | AOA06112S4 24 18 19 15 17 2 12E01 | 10E02| 1.1E02| 8.1E03| 9.8603 | 15E03| 1.5E01
Galectinl LEG1 15 6 10 15 10 5 44E01 | 55E03 | 9.3E03 | 1.3E02 | 9.2E03 | 3.7E03 | 4.0E01
AO0A061HU2
Cluster of FilamirA 5 278 23 27 29 26 3 12601 | 1.1E03 | 14E03 | 14E-03| 13E03| 1.2E04 | 9.8E02
Cluster of Polypeptide N AOA061ICG
acetylgalactosaminyltransferas| 7 57 8 9 12 10 2 22E01 | 19E03| 2.2E03 | 2.7E03 | 2.3E03| 4.1E04 | 1.8E01
Stromelysin2 G3GUV4 108 13 13 8 11 3 25E01 | 1.7E03 | 1.7E03 | 9.6E04 | 1.4E03 | 4.1E04 | 2.8E01
Lamin-A/C G3HG95 64 20 15 17 17 3 15601 | 43603 | 3.3E03 | 34E03| 3.7E03 | 5.5E04 | 1.5E01
Prostaglandin F2 receptor
negative regulator G3H902 94 18 12 13 14 3 22E01 | 2.6E03 | 1803 | 1.8503 | 2.1E03 | 49E04 | 2.4E01
Lysosomal alphglucosidas G3HTES 106 19 17 20 19 2 8.2E02 | 25E03 | 2.2E03 | 24E03 | 24E03 | 1.3E04 | 5.4E02
Nucleoside diphosphate kinasg G3HBD3 17 14 17 20 17 3 18601 | 1.1E02| 14E02| 15E02 | 1.3E02 | 2.0E03 | 1.5E01
Procollagen @ndopeptidase
enhancer 1 A0A0611523 50 10 11 10 10 1 5.6602 | 2.7E03 | 3.1E03 | 2.6E03 | 2.8503 | 2.4E04 | 8.6E02
Sialidase | B8Y440 45 8 12 14 11 27601 | 24E03 | 3.7E03 | 4.0E03 | 3.4E03 | 8.4E04 | 2.5E01
6-phosphogluconate
dehydrogenase, decarboxylatirl G3IHY5 53 16 12 15 14 2 15601 | 4103 | 3.1E03 | 3.7E03 | 3.7E03 | 5.0E04 | 1.4E01
Collagen alph&2(VI) chain G3H8Y4 85 11 10 9 10 1 10601 | 18503 | 1.6E03 | 14E03| 1.6E03 | 2.0E04 | 1.3E01
Granulins G3HLK3 64 4 10 3 6 4 6.7E01 | 8.6604 | 2.2E03 | 6.1E04 | 1.2E03 | 8.4E04 | 6.9E01
Betaglucuronidase AO0A061I2K0 75 20 18 10 16 5 33601 | 3.7E03 | 3.3603 | 1.7E03 | 2.9E03 | 1.0803| 3.6E01
Renin receptor G3GSG4 34 16 14 12 14 2 14E01 | 6.5E03 | 5.7E03 | 4.6E03 | 5.6E03 | 9.5E04 | 1.7E01
Deoxyribonucleas@-alpha G3HCX3 40 11 8 11 10 2 1.7E01 | 38603 | 28603 | 3.6E03 | 3.4E03 | 52E04| 1.5E01
Hypoxanthineguanine
phosphoribosyltransferase HPRT 25 11 9 10 10 1 1.0E01 | 6.0E03 | 5.0e03 | 5.2E03 | 5.4E03 | 55E04 | 1.0E01
Alpha-mannosidase G3H559 125 10 11 8 10 2 16E01 | 1.1E03| 1.2E03| 8.3E04 | 1.0803 | 2.0804 | 1.9E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Peroxiredoxin2 AOA061I7R6 14 7 8 8 8 1 75E02 | 69E03 | 79E03 | 7.4E03| 7.4E03 | 55E04 | 7.4E02
Arylsulfatase A G3IH84 55 8 6 5 6 2 24E01 | 20E03 | 15E03| 1.2E03 | 1.6E03 | 4.1E04 | 2.6E01
N-acetylglucosaminé-
sulfatase G3I8P7 54 9 9 11 10 1 12601 | 23E03 | 23E03| 2.6E03 | 24E03 | 19E04 | 8.1E02
Galectin G3H7B3 32 12 11 9 11 2 14E01 | 5.1E03 | 4.8E03 | 3.6E03 | 45E03| 7.8604 | 1.7E01
Phosphatidylethanolamine
binding protein 1 G3GU60 21 9 8 9 9 1 6.7E02 | 59E03 | 5.3E03 | 5.5E03 | 5.6E03 | 2.9E04 | 5.2E02
Brain-specific serine protease 4 A0A06110W
like protein 7 32 8 11 14 11 3 27E01 | 34E03 | 48E03| 5.7E03 | 46E03| 1.1E03| 24E01
Aldose reductase G3HH30 36 8 9 8 8 1 6.9E02 | 3.0E03 | 3.5E03 | 29E03 | 3.1E03 | 3.1E04 | 9.9E02
Malate dehydrogenase G3HDQ2 36 10 13 12 12 2 13601 | 3.8603 | 5.0E03| 43E03| 44E03| 6.1E04 | 14E01
AOAO061IKA
Lipoprotein lipase 1 55 14 16 14 15 1 79E02 | 3503 | 4.0E03 | 3.3E03| 3.6E03| 3.9E04 | 1.1E01
Clathrin heavy chain-like
protein AOA061I117 265 7 7 17 10 6 5.6E01 | 3.6E04 | 3.7E04 | 8.3E04 | 5.2E04 | 2.7E04 | 5.2E01
Macrophage metaliastase G3GUV3 53 14 11 14 13 2 13601 | 36E03 | 29E03 | 34E03 | 3.3603 | 3.8E04| 1.1E01
Cluster of Histone H3 G3H2T7 30 8 8 13 10 3 3.0601 | 3.7E03 | 3.7E03 | 5.6E03 | 4.3E03 | 1.1E03 | 2.6E01
Fatty acidbinding protein,
adipocyte G3I4E8 15 8 7 6 7 1 14E01 | 7.3E03 | 6.5E03 | 52E03 | 6.3E03 | 1.1E03| 1.7E01
Cluster of Alphaactinin-1 G3H1K9 105 20 18 13 17 4 21E01 | 26E03 | 24E03 | 1.6E03| 2.2E03 | 5.3E04 | 24E01
Transitional endoplasmic
reticulum ATPase G3HN14 238 16 20 13 16 4 22E01 | 9.2E04 | 12E03| 7.1E04 | 9.3E04 | 2.3E04 | 2.5E01
Cluster of Suprabasin G3HPTS8 64 13 14 17 15 14601 | 28603 | 3.003| 34E03| 3.1E03| 3.3E04 | 1.1E01
Protein FAM3C G3IDN7 25 6 6 6 6 0| 0.0E+00| 3.3E03 | 3.3603 | 3.1E03 | 3.2E03 | 1.2E04 | 3.7E02
Alpha-N-
acetylgalactosaminabse G3I0oF7 47 12 15 10 12 3 2.0E01 | 35603 | 44E03 | 2.8E03 | 3.6E03 | 8.4E04 | 2.4E01
SH3 domairbinding glutamic
acidrich-like protein AOQA061I013 17 9 9 10 9 1 6.2E02 | 7303 | 74E03 | 7.6E03| 74E03| 1.8604 | 2.5E02
Beta2-microglobulin B2MG 14 6 7 3 5 2 3.9E01 | 59E03 | 7.0E03 | 2.8E03 | 5.2E03 | 2.2E03 | 4.2E01
Prostaglandin reductasdike
protein AOA0611JG8 43 5 4 7 5 2 29E01 | 16603 | 13603 | 2.1E03 | 1.7E03 | 4.1E04 | 2.5E01
Tripeptidytpeptidase 1 G3IDE4 34 9 9 7 8 1 14601 | 3.6E03 | 3.7E03 | 2.7E03 | 3.3E03| 5.7E04 | 1.7E01
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Table A.1(continued).

Spectral Counts Normalized Spectral Abundance Factor (NSAF)
Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Aspartate aminotransferase G3GZZ0 46 5 4 0 3 3 88E01 | 1503 | 1.2E03 | 0.0E+00| 9.0E04 | 7.9E04 | 8.8E01
Nucleoside diphosphate kinasg G3HBD4 17 9 13 13 12 2 20E01 | 73E03| 1.1E02 | 9.9E03 | 9.3E03 | 1.8E03| 1.9E01
Nucleobindin2-like protein AOA061IHO4 53 17 11 14 14 3 21E01 | 44E03| 29E03| 34E03| 3.6E03| 7.7E04 | 2.1E01
Betahexosaminidase AO0A06118U9 63 14 9 8 10 3 3.1E01 | 3.0E03 | 2.0E03| 1.6E03 | 2.2E03 | 7.3E04 | 3.3E01
Heat shock protein HSP 9ieta | G3HC84 48 10 8 10 9 1 1.2E01 | 29E03 | 2.3E03 | 2.7E03 26E03 | 2804 | 1.1E01
Cluster of Tubulin alphd A
chain G3I616 50 9 13 10 11 2 2.0E01 | 25E03 | 3.6E03 | 2.6E03 | 29E03 | 6.3E04 | 2.2E01
Alpha-galactosidase Aike AOAO061HW
protein 17 40 14 10 6 10 4 40E01 | 48E03 | 3.5E03 1.9E03 | 3.4E03 1.4E03 | 4.2E01
Vinculin G3GwWQ1 125 7 8 6 7 1 14601 | 7.7E04 | 89E04 | 6.2E04 | 7.6E04 | 1.3E04 | 1.8E01
alphal,2-Mannosidase G3H8K2 56 10 12 9 10 2 15601 | 24E03 | 3.0E03 | 2.1E03 | 25E03 | 4.5E04 | 1.8E01
Cluster of Heme oxygenase 1 | G3IAI6 33 10 10 8 9 1 1.2E01 | 4.2E03 | 4.2E03 | 3.1E03 | 3.8603 | 6.0E04 | 1.6E01
Rab GDP dissociation inhibitor
beta G3GR73 51 14 13 8 12 3 28601 | 3.8603 | 3.5E03 | 2.0E03 | 3.1E03 | 9.4E04 | 3.0E01
Protein disulfideisomerase A6 | G3HB04 28 14 14 15 14 1 4.0E02 | 6.9E03 | 7.0E03 | 6.9E03 | 6.9E03 | 5.3E05| 7.6E03
Dickkopf-related protein 3 G3HWE? 38 6 7 5 6 1 17601 | 22E03 | 2.6E03 | 1.7E03 | 2.1E03 | 4.3E04 | 2.0E01
Phosphoserine aminotransferaj G3IKH9 34 9 8 6 8 2 20E01 | 36603 | 33803 | 23E03| 3.1E03| 7.0804 | 2.3E01
Glutathione Sransferase
omegal G3IKN5 37 6 9 10 8 2 25E01 | 2.2E03 | 3.4E03 | 35E03| 3.0803| 7.1E04 | 2.3E01
Ceroidlipofuscinosis neuronal
protein 5 G3HI29 32 7 6 11 8 3 3.3601 | 3.0E03 | 2.6E03 | 45E03 | 3.4E03 | 9.7E04 | 2.9E01
Insulin-like growth factor
binding protein 4 G3I5N6 28 4 7 12 8 4 5.3601 | 2.0E03 | 3.5E03 | 5.5E03 | 3.7E03 | 1.8603 | 4.9E01
Serine protease HTRA1 G3IBF4 29 4 4 6 5 1 25E01 | 19E03 | 19E03 | 2.7E03 2.2E03 | 45E04 | 2.1E01
Hypoxia upregulated protein 1 | G31973 111 13 9 8 10 3 26E01 | 16E03| 1.1E03 | 9.3E04 | 1.2E03 | 3.5E04 | 2.8E01
Alpha-mannosidase G3GWD3 111 9 10 8 9 1 1101 | 1.1E03| 1.3E03| 9.3E04 | 1.1E03 1.6E04 | 15E01
N(4)-(BetaN-
acetylglucosaminyl)-
asparaginase G3HGM6 37 0 3 3 2 2 8.7E01 | 0.0E+00| 1.1E03 1.0E03 73604 | 6.3504 | 8.7E01
Syndecan G3HLT3 22 6 6 8 7 1 17601 | 3.7E03 | 3.8603 | 4.7E03 | 4.1E03 | 5.4E04 | 1.3E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Amyloid beta A4 protein G3HMG4 49 12 10 13 12 2 13E01 | 34E03| 2.8E03| 34E03 | 3.2E03 | 3.2E04 | 1.0E01
Complement CtA
subcomponent G3GUR1 80 5 10 13 9 4 43E01 | 8.6E04 | 1.7E03 | 2.1E03 | 1.6E03 | 6.4E04 | 4.1E01
Histone H2B ADA061IP52 15 4 5 5 5 1 12E01 | 3.7E03 | 4.6E03 | 43E03 | 4.2E03 | 5.0E04 | 1.2E01
Calreticulin G3HCX8 48 5 11 5 7 3 49E01 | 14E03 | 3.2E03 | 1.3E03 | 2.003 | 1.0E03| 5.2E01
Filamin-B G3HFM4 278 13 9 8 10 3 2.6E01 | 6.4E04 | 45E04 | 3.7E04 | 49E04 | 14E04 | 2.8E01
Tubulointerstitial ephritis
antigenlike G3H1W4 53 15 15 16 15 1 3.8602 | 39E03 | 39E03 | 3.9E03 | 3.9E03 | 2.8E05| 7.1E03
Serpin H1 G3IDD4 47 9 5 6 7 2 3.1E01 | 2.6E03 | 15E03 | 1.7E03 | 1.9E03 | 6.2E04 | 3.2E01
Cluster of Calciurrdependent
serine proteinase G3GURO 77 17 10 12 13 4 2801 | 3.0E03 | 18E03| 2.0E03 | 2.3E03 | 6.5E04 | 2.9E01
AOA061ICB
Alpha-mannosidase 3 113 13 8 9 10 3 26E01 | 1.6E03 | 98E04 | 1.0E03 | 1.2E03 | 3.3804 | 2.8E01
Protein DJ1 G3IEU2 20 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 1.9E03 | 6.5E04 | 1.1E03 | 1.7E+®
Aldose reductaseelated protein
2 ALD2 36 6 4 7 6 2 27601 | 23E03| 15E03| 25E03| 2.1E03 | 5.1E04 | 2.4E01
Interleukinl receptoilike 1 G3H615 38 0 4 4 3 2 8.7E01 | 0.0E+00| 15E03 | 14E03 | 9.4E04 | 8.2E04 | 8.7E01
V-type proton ATPase subunit
S1 G3IBK8 49 10 10 9 10 1 6.0E02 | 28603 | 2.8E03 | 24E03 | 2.7E03 | 2.5E04 | 9.5E02
Sphingomyelin AOAOQ61IEQ
phosphodiesterase 5 70 3 7 7 6 2 41E01 | 59E04 | 14E03 | 13E03 | 1.1E03 | 4.4E04 | 4.0E01
AOA061IM9
Cluster of Ezrin 4 68 11 9 0 7 6 8.8601 | 2.2E03 | 1.8E03 | 0.0E+00| 1.4E03 | 1.2E03 | 8.8E01
SPARC G3H584 28 5 5 0 3 3 8.7E01 | 2.4E03 | 2.5E03 | 0.0E+00| 1.6E03 | 14E03| 8.7E01
Latenttransforming growth
factor betabinding protein 1 G3HEV3 130 4 7 0 4 4 9.6E01 | 42E04 | 7.5E04 | 0.0E+00| 39E04 | 3.8E04 | 9.6E01
Elongation factor gamma AOA061IC58 52 5 8 6 37601 | 13E03| 1.1E03 | 2.0E03 | 15E03| 4.8604 | 3.3E01
Adenosylhomocysteinase G3HANS 48 8 4 11 8 4 46E01 | 23E03| 1.2E03 | 3.0803 | 2.1E03 | 9.1E04 | 4.3E01
Cluster of Tropomyosin alphh | AOA061IPG
chainlike pratein 4 37 13 12 5 10 4 44E01 | 48E03 | 45E03| 1.7E03 | 3.7E03 | 1.7E03| 4.6E01
A disintegrin and
metalloproteinase with
thrombospondin motif-Tike AOA06112W
protein (Fragment) 2 150 4 7 6 6 2 27601 | 3.7E04 | 6.5E04 | 52804 | 5.1E04 | 14E04 | 2.8E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Myosin light polypeptide 6 G3HRQ4 17 7 5 5 6 1 20E01 | 56E03| 4.1E03 | 3.8603 | 45E03| 9.9E04 | 2.2E01
14-3-3 protein zeta/delta G3HKZ1 28 9 8 9 9 1 6.7E02 | 44E03 | 40E03 | 4.2E03 | 4.2E03 | 2.2E04 | 5.2E02
Cluster of EFHAND 2
containing protein AOA0611QJ9 28 5 6 5 5 1 1.1E01 | 24E03 | 3.0E03 | 23E03| 2.6E03| 35E04 | 14E01
D-dopachrome decarboxylase | G3HYO03 13 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 3.0E03 | 1.0E03 | 1.7E03 | 1.7E+00
Peptidytprolyl cis-trans
isomerase G3HKBO 18 6 6 5 6 1 1.0E01 | 46E03| 4.6E03 | 3.6E03 | 43E03| 5.8E04 | 14E01
Lactadherin (Fragméh G3IK05 22 0 4 0 1 2 1.7E+00| 0.0E+00| 2.5E03 | 0.0E+00| 8.4E04 | 1.5E03 | 1.7E+00
AOA061HX
Importin subunit betd H9 176 10 11 9 10 1 10E01 | 78E04 | 8.7E04 | 6.6E04 | 7.7E04 | 1.0E04| 1.3E01
Ganglioside GM2 activator G3H577 21 7 5 0 4 4 9.0E01 | 46603 | 33E03 | 0.0E+00| 2.6E03 | 2.4E03 | 9.0E01
Sialate Gacetylesterase G3liB1 61 8 6 4 6 2 33601 | 18E03| 1.4E03 | 85E04| 1.3E03| 4.8604 | 3.6E01
Cluster of ADRribosylation
factor 3 G316J4 21 8 6 11 8 3 3.0E01 | 5.2E03 | 4.0E03 | 6.8E03 | 5.3E03 | 14E03| 2.6E01
Phosphoglycerate mutase 1 G3GZW8 20 3 3 8 5 3 6.2E01 | 2.1E03 | 2.1E03 | 5.2E03 | 3.1E03 | 1.8603 | 5.8E01
Amyloid-like protein 2 G3GTX5 78 7 7 4 6 2 29E01 | 1.2E03 | 12E03 | 6.6E04 | 1.0E03 | 3.3E04 | 3.2E01
Semaphorir3B G3H8C9 83 6 4 4 5 1 25E01 | 99E04 | 6.7E04 | 6.2E04 | 7.6E04 | 2.0E04 | 2.6E01
Tubulin beta5 chain TBBS 50 4 0 3 2 2 89E01 | 1.1E03 | 0.0E+00| 7.8E04 | 6.2E04 | 5.6E04 | 9.0E01
ChymotrypsinC-like protein
(Fragment) AOAO61IEE2 73 6 4 0 3 3 9.2E01 | 1.1E03 | 7.6E04 | 0.0E+00| 6.3E04 | 5.7E04 | 9.1E01
G-protein coupled receptor 56 | G3I3K5 77 0 0 0 0 0 | #DIV/O! | 0.0E+00| 0.0E+00| 0.0E+00| O0.0E+00| 0.0E+00| #DIV/O!
Epididymal secretory protein E] G31936 16 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 3.2E03 | 1.1EO03 | 1.9E03 | 1.7E+00
Vitamin K-dependent protein S| AOA06111Q2 68 9 8 12 10 2 22E01 | 18E03| 16E03| 23E03| 19E03 | 3.4E04| 1.8E01
Isocitrate dehydrogenase
[NADP] G3HU51 47 3 3 3 3 0| O.0E+00| 8.8E04 | 89E04 | 8.3E04 | 8.6E04 | 3.2E05| 3.7E02
Cluster of Polyadenylate
binding protein G3I18S7 63 6 8 6 3 44E-01 | 6504 | 13E03| 16E03| 1.2E03 | 5.1E04 | 4.2E01
Cystatin G3H705 11 4 6 6 5 1 22601 | 5.0603 | 76E03| 7.1E03| 6.5E03 | 14E03| 2.1E01
Cluster of Prolowdensity
lipoprotein receptorelated AOA061IMQ
protein 1 7 497 5 4 4 4 1 13601 | 14E04 | 11E04 | 10E04 | 1.2E04 | 18E05| 1.5E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St

Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Importin-5 G3GS70 90 7 8 4 6 2 33501 | 1.1E03 | 12E03 | 5.8504 | 9.6E04 | 3.4E04 | 3.6E01
Kinesirtlike protein G3IAS8 186 8 7 6 7 1 14E01 | 59E04 | 5.2E04 | 42E04 | 5.1E04 | 8.7E05| 1.7E01
Cluster of Proteasome activato
complex subunit 1 G3HDES 25 5 0 5 3 3 8.7601 | 2.7E03 | 0.0E+00| 26E-03 | 1.8603 | 1.5E03| 8.7E01
Cluster of Fatty acid synthase | G3GXD7 272 6 4 5 5 2.0E01 | 3.0E04 | 20E04 | 24E04 | 25E04 | 5.0E05| 2.0E01
Rho GDRdissociation inhibitor
1 G3GXB0 23 5 6 9 7 2 3.1E01 | 3.0E03 | 3.6E03 | 5.1E03 | 3.9E03 | 1.1E03 | 2.7E01
Rasrelated protein Rafda G3HID1 24 6 4 4 5 1 25E01 | 3.4E03 | 23E03| 2.2E03 | 2.6E03 | 6.9E04 | 2.6E01
CystatinB G3IKQ6 11 0 4 0 1 2| 1.7E+00| 0.0E+00| 5.1E03 | 0.0E+00| 1.7E03 | 2.9E03 | 1.7E+00
Glucose6-phosphate isomerasg¢ G6PI 63 8 3 6 6 3 44E01 | 1.7E03 | 6.6E04 | 1.2E03 | 1.2E03 | 5.4E04 | 4.5E01
Heat shock 70 kDa protein 13 | G3H4S3 43 8 6 8 7 1 16601 | 2.6E03 | 19E03 | 24E03 | 23E03| 3.2E04 | 14E01
Synaptic vesicle membrane
protein VAT-1-like G3HMO03 29 8 7 7 7 1 79E02 | 3.8603 | 34E03 | 3.1E03 | 3.4E03 | 3.38-04 | 9.7E02
Fumarylacetoacetase G3IHH6 41 4 4 4 4 0| 0.0E+00| 13E03| 14E03| 13603 | 1.3E03 | 49E05| 3.7E02
Cluster of Cofilinl G3IDM2 19 4 6 4 5 1 25E01 | 2.9E03 | 44E03 | 2.7E03 | 3.3E03 | 9.2E04 | 2.8E01
Follistatinrelated protein 1 G3HAI3 65 0 9 0 3 5| 1.7E+00| 0.0E+00| 1.9E03 | 0.0E+00| 6.4E04 | 1.1E03 | 1.7E+00
14-3-3 protein beta/alpha G3HLS2 28 9 8 5 7 2 28601 | 44E03 | 4.0803 | 23E03| 3.6E03| 1.1E03| 3.1E01
Proteasome subunit alpha type] AOA0611019 28 0 0 5 2 3| 1.7E+00| 0.0E+00| 0.0E+00| 2.3E03 | 7.7E-04 | 1.3E03 | 1.7E+00
Farnesyl pyrophosphate
synthetase G3HC39 43 5 6 7 6 1 17601 | 1.6E03 | 19E03 | 2.1E03 | 1.9E03 | 2.6E04 | 14E01
Alpha-L-iduronidase G3HEES 70 4 4 6 5 1 25E01 | 78604 | 7.9E04 | 1.1E03 | 9.0804 | 19E04 | 2.1E01
Thioredoxin reductase, 1
cytoplasmic G3HQL6 62 5 4 6 5 1 20E01 | 1.1E03| 9.0E04 | 13E03| 1.1E03| 1.8E04| 1.6E01
Ubiquitin-conjugating enzyme
E2 N (Fragment) G3HS88 19 4 6 0 3 3 9.2E01 | 29E03 | 4.4E03 | 0.0E+00| 2.4E03 | 2.2E03 | 9.2E01
C-C motif chemokine G3GTT2 16 4 6 5 1 25E01 | 34E03 | 35E03 | 49E03 | 3.9E03 | 8.1E04 | 2.1E01
Cluster of AcytCoA-binding
protein G3H5D5 13 6 6 8 7 1 17601 | 63503 | 6.4E03 | 8.0E03 | 6.9503 | 9.2E04 | 1.3E01
FK506-binding protein 9 G3HMQO 63 5 3 4 4 1 25E01 | 1.1E03 | 6.6604 | 8.2E04 | 8.6E04 | 2.2E04 | 2.5E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
N-acetylglucosaminé-
phosphotransferase sufiun
gamma G3HBX0 34 8 10 7 8 2 18E01 | 32E03 | 4.1E03 | 2.7E03 | 3.3E03 | 7.2E04 | 2.2E01
AOA061HW
Protein disulfideisomerase S2 156 7 8 8 8 1 75E02 | 6.2E04 | 7.1E04 | 6.6E04 | 6.6E04 | 49E05| 7.4E02
Heat shock protein A0A061ID29 13 0 0 0 0 0 | #DIV/O! | 0.0E+0 | 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00| #DIV/O!
Protein S100 A0A0611104 12 0 4 4 3 2 8.7E01 | 0.0E+00| 4.6E03 | 4.3E03 | 3.0E03 | 2.6E03 | 8.7E01
Cluster of 40S ribosomal AOAO61INH
protein S3like protein 5 39 4 4 5 4 1 13E01 | 14E03| 14E03| 1.7E03 | 1.5E03 | 1.4E-04 | 9.4E02
Proteasome subunit alpha type, G3HOC2 30 0 3 4 2 2 8.9E01 | 0.0E+00| 1.4E03 | 1.7E03 | 1.0E03| 9.2E04 | 8.8E01
Cluster of EGFcontaining
fibulin-like extracellular matrix
protein 2 FBLN4 49 0 0 0 0 0 | #DIV/O! | 0.0E+00| 0.0E+00| 0.0E+00| O0.0E+00| 0.0E+00 | #DIV/O!
Lysyl oxidaselike 1 G3HEI6 62 9 8 0 6 5 8.7E01 | 2.0803 | 1.8603 | 0.0E+00| 1.3E03 | 1.1E03| 8.7E01
Catalase G3GYY6 63 3 0 6 3 3| 1.0E+00| 6.5E04 | 0.0E+00| 1.2E03 | 6.3E04 | 6.2E04 | 9.8E01
Poly(RC}binding protein 1 G3HXL1 37 0 4 0 1 2| 1.7E+00| 0.0E+00| 1.5E03 | 0.0E+00| 5.0E04 | 8.7E04 | 1.7E+00
14-3-3 protein epsilon G3IPU3 8 6 6 6 6 0| O0.0E+00| 1.0E02 | 1.0E02 | 9.7E03 | 1.0E02 | 3.8E04 | 3.7E02
Glucose6-phosphate 1 AOA061HU2
dehydrogenase 9 145 7 7 7 7 0| O.0E+00| 6.6E04 | 6.7E04 | 6.3E04 | 6.5E04 | 24E05 | 3.7E02
Nucleotide exchange factor
SiL1 G3HEY8 44 8 8 3 6 3 46601 | 25E03 | 25E03| 8.8E04 | 2.0803 | 9.4E04 | 4.8E01
N-acetylgalactosaminé-
sulfatase G3GRS9 54 5 6 3 5 2 33601 | 1.3E03| 15E03| 7.2E04 | 1.2E03 | 4.2E04 | 3.6E01
Moesin G3HYJ9 35 17 11 12 13 24E01 | 6.7E03 | 4.4E03 | 4.4E03 | 5.2E03 | 1.3E03 | 2.5E01
AOAO061IEH
Myosin-9 1 269 5 5 5 5 0| 0.0E+00| 2.5E04 | 2.6E04 | 2.4E04 | 25E04 | 9.4E06 | 3.7E02
Triosephosphate isomerase AO0A0611JP1 16 6 5 5 5 1 1.1E01 | 5.1E03 | 4.3E03 | 4.0E03 | 45E03| 5.7E04 | 1.3E01
Palmitoylprotein thioesterase 1| G3HN89 35 6 6 0 4 3 8.7E01 | 24E03 | 24E03 | 0.0E+00| 1.6E03 | 14E03| 8.7E01
Triosephosphate isomerase G3I216 20 0 4 4 3 2 8.7E01 | 0.0E+00| 2.8E03 | 2.6E03 | 1803 | 1.6E03 | 8.7E01
Group XV phospholipase A2 | G3HKV9 47 8 4 6 6 2 33601 | 23E03| 1.2E03| 1.7E03 | 1.7E03 | 5.8E04 | 3.4E01
Cullin-associated NEDD8
dissociated protein 1 G3GY17 134 5 6 6 6 1 10E01 | 5.1E04 | 6.2E04 | 5.8E04 | 5.7E04 | 5.6E05 | 9.8E02
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Table A.1(continued).

Spectral Counts

Normalized Spectral AbundanceFactor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV

Glutathione synthetase G3HAP7 52 7 5 8 7 2 23601 | 1803 | 13E03| 2.0E03| 1.7E03 | 3.4E04 | 2.0E01
Guanine nucleotidéinding
protein subunit beta-like 1 G3HKO00 30 4 3 0 2 2 8.9501 | 1.8503 | 1.4E03 | 0.0E+00| 1.1E03 | 9.5E04 | 8.9E01
Heterogeneous nuclear
ribonucleoprotein Al AOA061IFF1 39 4 3 4 4 1 16E01 | 14E03| 1.1E03| 13E03 | 1.3E03| 1.8604 | 1.4E01
Neuroblast diffeentiation
associated protein AHNAHike
protein (Fragment) AOA061ID55 131 3 0 3 2 2 8.7E01 | 3.1E04 | 0.0E+00| 3.0E04 | 2.0E04 | 1.8E04 | 8.7E01
Metalloendopeptidase G3GUX9 114 0 0 0 0 0 | #DIV/0! 0.0E+00| O0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00| #DIV/O!
Amine oxidase G3HB74 80 6 0 3 3 3 1.0E+00| 1.0E03 | 0.0E+00| 4.9E04 | 5.0E04 | 5.1E04 | 1.0E+00
MAM domain-containing
protein 2 G3IFK8 53 5 0 3 3 3 9.4E01 | 1.3E03 | 0.0E+00| 7.3E04 | 6.8504 | 6.5E04 | 9.6E01
Calumenin AOA0611JV1 58 8 4 5 6 2 3.7E01 | 19E03| 9.6E04 | 11E03| 13603 | 5.0E04 | 3.8E01
Matrix metalloproteinas€® G3H8V1 79 6 6 6 6 0| 0.0E+00| 1.003 | 1.1E03 | 9.8504 | 1.0E03 | 3.8E05| 3.7E02
Cluster of Ubiquitin60S
ribosomal protein L4dike AOA061I1QB
isoform 2 8 15 6 3 0 3 3| 1.0E+00| 5.5E03 | 2.8503 | 0.0E+00| 2.8E03 | 2.7E03 | 1.0E+00
Dipeptidyl peptidase-Bke AOAO61IAX
protein 6 86 5 4 4 4 1 13601 | 8.0E04 | 6.5E04 | 6.0E04 | 6.8504 | 1.0E04 | 1.5E01

AOA061HUL
Pirin-like protein 9 32 3 4 0 2 2 8.9E01 | 1.3E03 | 1.7E03 | 0.0E+00| 1.0803 | 9.0E04 | 8.9E01
Heterogeneous nude AOA061HX0
ribonucleoprotein H 5 48 0 0 6 2 3| 1.7E+00| 0.0E+00| 0.0E+00| 1.6E03 | 5.4E04 | 9.3E04 | 1.7E+00
ATP-citrate synthase G3HLV6 77 5 0 2 2 3 1.1E+00| 8.9E04 | 0.0E+00| 3.4E04 | 4.1E04 | 45E04 | 1.1E+00
Endoplasmic reticulum residen|
protein 29 G3H284 29 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 1.8E03 | 6.0E04 | 1.0E03 | 1.7E+00
Elongation factor deltalike AOAO61IEA
isoform 1 0 73 3 0 4 2 2 8.9E01 | 5.6E04 | 0.0E+00| 7.1E04 | 4.2E04 | 3.7E04 | 8.8E01
Heterogeneous nuclear
ribonucleoprotein G G3H9H7 42 3 0 0 1 2| 17E+00| 9.8E04 | 0.0E+00| 0.0E+00| 3.3E04 | 5.7E04 | 1.7E+00
Cluster of 60S acidic ribosomal
protein PO G3GU76 30 6 5 0 4 3 8.8601 | 2.7E03 | 2.3E03 | 0.0E+00| 1.7E03 | 15E03 | 8.8E01
Thioredoxin domaircontaining
protein 5 G3HD97 46 8 6 8 7 1 16E01 | 24E03 | 1.85-03| 2.3E03 | 2.2E03 | 3.0E04 | 1.4E01
Interferonalpha/beta receptor
beta chain G3GT45 29 4 5 3 4 1 25E01 | 1.9E03 | 24E03 | 1.3E03| 19E03 | 5.3E04 | 2.8E01
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Table A.1(continued).

Spectral Counts Normalized Spectral Abundance Factor (NSAF)
Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Purine nucleoside
phosphorylasdike protein AOAO61ILE8 38 4 3 4 4 1 16E01 | 14E03 | 1.1E03 1.4E03 1.3E03 1.8604 | 1.4E01
Lysosomal Prex
carboxypeptidase G3HUI4 55 9 9 5 8 2 3.0E01 | 2.2E03| 2.3E03 1.2E03 19E03 | 6.3E04 | 3.3E01
Golgi membrane protein 1 G3IAW1 41 5 4 0 3 3 8.8501 | 1.7E03 | 14E03 | 0.0E+00| 1.0E03 | 8.9804 | 8.8E01
Cluster of Peroxiredoxi6-like AOAO061HYZ
protein 1 26 3 3 0 2 2 87601 | 1.6e-03| 1.6E03| 0.0E+00| 1.1E03 | 9.2E04 | 8.7E01
Multiple inositol polyphosphate
phosphatase-like protein AOA06119C8 61 3 6 4 4 2 35E01 | 6.7E04 | 14E03 | 85E04 | 9.6E04 | 3.6E04| 3.7E01
40S ribosomal protein S28 G3I5R2 8 0 0 0 0 0 | #DIV/0! 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00| #DIV/O!
Calumenin AOA061IE40 42 0 4 0 1 2 1.7E+00| 0.0E+00| 1.3E03 | 0.0E+00| 4.4E04 | 7.6E04 | 1.7E+00
Adenylate kinase 2,
mitochondrial G3H928 15 3 0 0 1 2| 1.7E+00| 2.7E03 | 0.0E+00| 0.0E+00| 9.1E04 | 1.6E03 | 1.7E+00
Phosphoglucomutaske G3GzZD2 63 4 4 4 4 0 0.0E+00| 8.7E04 | 8.8604 | 8.2E04 | 8.6E04 | 3.2E05| 3.7E02
Protein SET G3HKN1 44 6 4 0 3 3 92601 | 19E03| 13603 | 0.0E+00| 1.0E03 | 9.5E04 | 9.1E01
CAD protein G3GXT2 243 4 5 5 5 1 12601 | 23E04 | 29E04 | 2.7E04 | 26E04 | 3.1E05| 1.2E-01
Periaxin (Fragment) A0QA0611743 188 3 2 6 4 2 57601 | 2.2E04 | 15E04 | 4.1E04 | 2.6E04 | 1.4E04 | 5.3E01
Cluster of CMPN-
acetylneuraminatbeta
galactosamidalpha2, 3-
sialyltransferase G3INL9 39 5 3 0 3 3 94E01 | 18E03| 1.1E03 | 0.0E+00| 9.4E04 | 8.95-04 | 9.4E01
Collagen alphd. (XVI) chain G3H1W1 158 0 0 4 1 2 1.7E+00| 0.0E+00| 0.0E+00| 3.3E04 | 1.1E04 | 19604 | 1.7E+00
Glycyl-tRNA synthetase G3HJIM2 72 6 0 2 3 3| 1.1E+00| 1.1E03 | 0.0E+00| 3.6E04 | 5.0804 | 5.88504 | 1.2E+00
Protein CREG1 G3HE67 24 5 4 5 5 1 12601 | 29E03 | 2.3E03 | 2.7E03 | 2.6E03 | 2.8E04 | 1.1E01
Proteasome subunit alpha type, G3HSF3 26 3 4 0 2 2 89E01 | 16603 | 2.1E03 | 0.0E+00| 1.2E03 | 1.1E03 | 8.9E01
Cell division control protein 42
like G3HIM4 21 6 0 0 2 3 1.7E+00| 3.9503 | 0.0E+00| 0.0E+00| 1.3E03 | 2.3E03 | 1.7E+00
Vasorin G3HS71 73 4 0 2 2 2 1.0E+00| 7.5E04 | 0.0E+00| 3.5E04 | 3.7E04 | 3.8604 | 1.0E+00
14-3-3 protein eta G3HK90 27 5 4 2 4 2 4201 | 25E03| 2.1E03 | 9.6E04 | 19E03 | 8.1E04 | 4.4E01
Profilin-1 G3GYC6 6 0 3 4 2 2 8.9E01 | 0.0E+00| 7.0E03 | 8.6E03 | 5.2E03 | 4.6E03 | 8.8E01
Collagen alph&l(V) chain G3IL75 45 0 3 6 3 3| 1.0E+00| 0.0E+00| 9.3E04 | 1.7E03 | 8.8E04 | 8.6E04 | 9.8E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Facto (NSAF)

Accession MW Rep | Rep | Rep St

Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Pigment epitheliunderived
factor G3IKX2 11 5 4 3 4 1 25E01 | 6.2E03 | 5.1E03 | 3.5E03 | 49E03 | 14E03| 2.7E01
14-3-3 protein theta G3IEY9 28 7 6 0 4 4 8.7601 | 3.4E03 | 3.0803 | 0.0E+00| 2.1E03 | 19E03| 8.7E01
Proteasome subunit alpha typel G3HSE4 30 4 3 0 2 2 89E01 | 18503 | 1.4E03 | 0.0E+00| 1.1E03 | 9.5E04 | 8.9E01
Thrombospondis8 G3HC49 104 5 0 0 2 3| 1.7E+00| 6.6E04 | 0.0E+00| 0.0E+00| 2.2E04 | 3.8E04 | 1.7E+00
Ras GTPaseactivatinglike
protein IQGAP1 G3IF62 191 5 6 0 4 3 8.8501 | 3.6604 | 4.4E04 | 0.0E+00| 2.7E04 | 2.3E04 | 8.8E01
Proteasome subunit alpha type
(Fragment) G3GWRS8 24 6 7 3 5 2 39601 | 3.4E03 | 4.1E03| 1.6603 | 3.0803 | 1.3E03| 4.2E01
Nucleolin G3IF80 52 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 1.0E03 | 3.3E04 | 5.8E04 | 1.7E+00
Cytochrome ¢, somatic G3H2K2 12 4 0 3 2 2 89E01 | 46E03 | 0.0E+00| 3.2E03 | 2.6E03 | 2.4E03 | 9.0E01
Cluster of Keratin, type Il
cytoskeletal 1b G3IKI6 94 3 3 0 2 2 8.7E01 | 4.4E04 | 4.4E04 | 0.0E+00| 2.9E04 | 2.5E04 | 8.7E01
T-complex protein 1 subunit
gamma G3HG83 61 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 6.4E04 | 2.1E04 | 3.7E04 | 1.7E+00
Membrane frizzledelated
protein isoform 1 A0A061I12K9 75 3 3 0| 0.0E+00| 5.5E04 | 5.6E04 | 5.2E04 | 5.4E04 | 2.0E05 | 3.7E-02
Stress70 protein, mitochondrial| GRP75 74 4 0 4 3 2 8.7E01 | 7.4E04 | 0.0E+00| 7.0804 | 4.8504 | 4.2E04 | 8.7E01
KDEL motif-containing protein
2 A0A0611344 58 4 0 5 3 3 8.8E01 | 9.5E04 | 0.0E+00| 1.1E03 | 6.9E04 | 6.0E04 | 8.7E01
Glyoxalase domaheontairing
protein 4 G3HTG9 33 5 0 0 2 3| 1.7E+00| 2.1E03 | 0.0E+00| 0.0E+00| 6.9E04 | 1.2E03 | 1.7E+00
Heterogeneous nuclear
ribonucleoprotein Gike 1-like
isoform 3 A0A0611IX8 34 4 4 4 4 0| 0.0E+00| 1.6E03 | 1.6E03 | 15E03 | 1.6E03 | 6.0E05| 3.7E02
Far upstream elemeébinding
protein 2 G3HCK9 62 4 3 4 4 1 16E01 | 88E04 | 6.7E04 | 8.4E04 | 8.0E04 | 1.1E04 | 1.4E01
Ferritin heavy chain FRIH 21 5 3 0 3 3 9.4E01 | 3.3603 | 2.0E03 | 0.0E+00| 1.8603 | 1.6E03 | 9.4E01
Alcohol dehydrogenase
[NADP+] G3GYP7 37 0 0 4 1 2| 1.7E+00| O0.0E+00| 0.0E+00| 1.4E03 | 4.7E04 | 8.1E04 | 1.7E+00
Cluster of E3 ubiquitirprotein
ligase A0A0611041 53 0 0 2 1 1| 1.7E+00| 0.0E+00| 0.0E+00| 4.9E04 | 1.6E04 | 2.8504 | 1.7E+00
Transgelin G3H7Z2 22 3 0 0 1 2| 1.7E+00| 1.9E03 | 0.0E+00| 0.0E+00| 6.2E04 | 1.1E03 | 1.7E+00
Non-specific lipidtransfer
protein G3GW11 59 4 3 4 4 1 1.6E01 | 9.3E04 | 7.1E04 | 8.8E04 | 8.4E04 | 1.2E04 | 1.4E01
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Proteasome subunit beta type | G3H9VO 23 3 4 1 16E01 | 24E03 | 24E03 | 1.7E03 | 2.2E03 | 4.1E04 | 19E01
Proteasome subunit beta type | G3H5WO0 22 4 4 6 5 1 25E01 | 25E03 | 25E03 | 3.5E03 | 29E03 | 59E04 | 2.1E01
Tyrosineprotein kinase recepto] AOAO61HW
UFO (Fragment) 02 19 3 4 4 1 16E01 | 29E03 | 22E03 | 2.7E03 | 2.6E03 | 3.6E04 | 14E01
Protein S106A10 G3HUU7 11 4 0 0 1 2| 1.7E+00| 5.0E03 | 0.0E+00| 0.0E+00| 1.7E03 | 2.9E03 | 1.7E+00
Macrophage migration
inhibitory factor G3HY08 12 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 4.3E03 | 1.4E03 | 2.5E03 | 1.7E+00
Glutathione reductase,
mitochondrial G3H609 45 0 3 2 2 2 9.2E01 | 0.0E+00| 9.3E04 | 5.8E04 | 5.0804 | 4.7E04 | 9.3E01
Obglike ATPase 1 G3GUC8 32 0 0 5 2 3| 1.7E400 | 0.0E+00| 0.0E+00| 2.0E03 | 6.7E04 | 1.2E03 | 1.7E+00
AOAO061HY
Apoptosisinducing factor 1 H9 66 3 4 7 5 2 45E01 | 6.2E04 | 8.4E04 | 14E03| 95E04 | 3.9E04 | 4.1E01
Neural cell adhesion molecule | G3H216 114 4 4 4 0 0.0E+00| 48E04 | 49E04 | 45E04 | 4.7E04 | 18E05| 3.7E02
Heterogeneous nuclear
ribonucleoproteins A2/B1 G3H2J8 29 4 0 0 1 2| 1.7E+00| 1.9E03 | 0.0E+00| 0.0E+00| 6.3E04 | 1.1E03 | 1.7E+00
AOA061HW
Plastin3 Cc7 75 6 3 0 3 3 1.0E+00| 1.1E03 | 5.6E04 | 0.0E+00| 5.5E04 | 5.5E04 | 1.0E+00
Hexokinase G3H6T5 102 6 4 4 5 1 25E01 | 8.1E04 | 55E04 | 5.1E04 | 6.2E04 | 1.6E04 | 2.6E01
Collagen alph&(VI) chain G3H8Y3 29 4 0 5 3 3 8.8501 | 1.9E03 | 0.0E+00| 2.2E03 | 1.4E03 | 1.2E03 | 8.7E01
Neogenin G3HEJ4 154 6 0 5 4 3 8.8E01 | 53604 | 0.0E+00| 4.2E04 | 3.2E04 | 2.8E04 | 8.8E01
Tubulin-specific chaperone A | G3H319 10 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 5.2E03 | 1.7E03 | 3.0E03 | 1.7E+00
AOAO61ILN
Biotinidase 6 64 4 3 0 2 2 8.9E01 | 8.6604 | 6.5E04 | 0.0E+00| 5.0804 | 4.5E04 | 8.9E01
NSFL1 cofactor p47 G3H6Y6 41 3 0 3 2 2 8.7E01 | 10E-03 | 0.0E+00| 9.5E04 | 6.5E04 | 5.6E04 | 8.7E01
AOA061ICY
Pantetheinase 3 57 5 0 0 2 3| 1.7E+00| 1.2E03 | 0.0E+00| 0.0E+00| 4.0E04 | 6.9E04 | 1.7E+00
Nuclear migration protein AOAO61IEW
nudGlike protein 1 38 3 0 4 2 2 89E01 | 1.1E03 | 0.0E+00| 1.4E03 | 8.2E04 | 7.2E04 | 8.8E01
Eukaryotic translation initiation
factor 5A1-like protein AOAO061IN17 26 5 3 0 3 3 94E01 | 26E03 | 1.6E03 | 0.0E+00| 14E03 | 1.3E03 | 9.4E01
Laminin subunit gamméa G3HG25 172 3 0 0 1 2| 1.7E+00| 2.4E04 | 0.0E+00| 0.0E+00| 8.0E05 | 1.4E04 | 1.7E+00
Adenylyl cyclaseassociated
protein G3HN88 52 4 0 0 1 2| 17E+00| 1.1E03 | 0.0E+00| 0.0E+00| 3.5E04 | 6.1E04 | 1.7E+00
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St

Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Ubiquitin carboxyiterminal
hydrolase 34ike protein AOA061IH73 522 3 0 0 1 2 1.7E+00| 7.9E05| 0.0E+00| 0.0E+00| 2.6E05| 4.5E05 | 1.7E+00
Proteasome subunit beta type | G3HNT9 16 3 3 0 2 2 8.7E01 | 2.6E03 | 2.6E03 | 0.0E+00| 1.7E03 | 15E03| 8.7E01
SemaphorirdB G3IHT7 88 0 0 4 1 2 1.7E+00| 0.0E+00| O.0E+00| 5.9E04 | 2.0E04 | 3.4E04 | 1.7E+00
Sushi repeatontaining protein
SRPX G3GSF3 38 5 0 3 3 3 94E01 | 1.8603 | 0.0E+00| 1.0E03 | 9.4E04 | 9.0E04 | 9.6E01
TryptophanyHRNA synthetase,
cytoplasmic G3HIX6 54 3 0 0 1 2| 1.7E+00| 7.6E04 | 0.0E+00| 0.0E+00| 2.5E04 | 4.4E04 | 1.7E+00
Very low-density lipoprotein
receptor G3IMZ0 62 3 0 0 1 2 1.7E+00| 6.6E04 | 0.0E+00| 0.0E+00| 2.2E04 | 3.8E04 | 1.7E+00
Coiled-coil domainrcontainng
protein 80 G3H092 107 3 0 3 2 2 8.7E01 | 3.8504 | 0.0E+00| 3.6E04 | 25E04 | 2.2E04 | 8.7E01
Cluster of Fcomplex protein 1
subunit alpha TCPA 60 3 0 0 1 2 1.7E+00| 6.9504 | 0.0E+00| 0.0E+00| 2.3E04 | 4.0E04 | 1.7E+00
Vacuolar protein sorting
associated protei35 ADA061IC10 92 3 4 6 4 2 3.5E01 | 45E04 | 6.0E04 | 8.4E04 | 6.3E04 | 2.0E04 | 3.2E01
LIM and SH3 domain protein 1| G3H5W5 26 4 0 2 1.7E+00| 2.1E03 | 0.0E+00| 0.0E+00| 7.0E04 | 1.2E03 | 1.7E+00
Cluster of Adenylosuccinate
lyase DOUZHS8 55 0 0 3 1 2 1.7E+00| 0.0E+00| O0.0E+00| 7.1E04 | 2.4E04 | 4.1E04 | 1.7E+00
Glucosamines-phosphate
isomerase (Fragment) G3HEL2 28 0 0 4 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 1.8503 | 6.2E04 | 1.1E03 | 1.7E+00
Pigment epitheliurderived
factor G31Q06 7 0 0 5 2 3| 1.7E+00| 0.0E+00| 0.0E+00| 9.2E03 | 3.1E03 | 5.3E03 | 1.7E+00
Soluble calciurmactivated
nucleotidase 1 G3H3E3 45 4 0 0 1 2 1.7E+00| 1.2E03 | 0.0E+00| 0.0E+00| 4.1E04 | 7.0E04 | 1.7E+00
Proteasome subunit beta type | G319D3 30 3 4 0 2 2 89E01 | 1.4E03 | 19E03 | 0.0E+00| 1.1E03 | 9.6E04 | 8.9E01
Lysine-tRNA ligase G3I4N3 71 0 4 4 3 2 8.7E01 | 0.0E+00| 7.8E04 | 7.3E04 | 5.0E04 | 4.4E04 | 8.7E01
Nascent polypeptidassociated
complex subunit alpha, musele
specific form G3HRM8 35 3 0 5 3 3 9.4E01 | 1.2E03 | 0.0E+00| 1.8503 | 1.0803 | 9.4E04 | 9.3E01
Alpha-1,6-
mannosylglycoprotein-BetaN-
acetylglucosaminyltransferase | MGT5A 85 4 0 0 1 2| 17E+00| 6.5E04 | 0.0E+00| 0.0E+00| 2.2E04 | 3.7E04 | 1.7E+00
Cluster of Septif? G3H4V1 37 6 3 4 4 2 3.5E01 | 22E03 | 1.1E03 | 1.4E03 | 1.6E03 | 5.7E04 | 3.6E01
Ribose5-phosphte isomerase | G3HJJ1 20 0 0 2 1 1| 1.7E+00| 0.0E+00| 0.0E+00| 1.3E03 | 4.3E04 | 7.5E04 | 1.7E+00
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Table A.1(continued).

Spectral Counts Normalized Spectral Abundance Factor (NSAF)
Accession MW Rep | Rep | Rep St
Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Golgi membrane protein 1
(Fragment) AO0A0611850 14 3 0 0 1 2 1.7E+00| 2.9E03 | 0.0E+00| 0.0E+00| 9.8E04 | 1.7E03 | 1.7E+00
Prefoldin subunit dike protein | AOA061I3N6 17 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 2.3E03 | 7.6E04 | 1.3E03 | 1.7E+00
Cluster of Transforming growth
factor betal-like protein AOAO61HTE
(Fragment) 7 19 3 4 4 4 1 16E01 | 22E03 | 29E03 | 2.7E03 | 2.6603 | 4.0E04 | 1.5E01
Putative Fcomplex protein 1
subunit thetdike 2-like protein | AOA061IBK
(Fragment) 9 20 4 0 0 1 2 1.7E+00| 2.7E03 | 0.0E+00| 0.0E+00| 9.1E04 | 1.6E03 | 1.7E+00
Cluster of 60S acidic ribosomal
protein P2 G3I3H2 12 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 3.2E03 | 1.1E03 | 1.9E03 | 1.7E+00
AOAO061HTC
Alpha-actininl (Fragment) 2 50 3 0 2 2 2 9.2E01 | 8.2E04 | 0.0E+00| 5.2E-04 | 45E04 | 4.2E04 | 9.3E01
UTP--glucosel-phosphate
uridylyltransferase UGPA 57 0 0 2 1 1 1.7E+00| 0.0E+00| O.0E+00| 4.5E04 | 15E04 | 2.6E04 | 1.7E+00
Microtubule-associated protein
(Fragment) AOQA0611677 117 2 0 0 1 1 1.7E+00| 2.3504 | 0.0E+00| 0.0E+00| 7.8E05| 1.4E04 | 1.7E+00
AOA061HW
Meteorirtlike protein A3 31 0 0 3 1 2| 1.7E+00| 0.0E+00| 0.0E+00| 1.3E03 | 4.2E04 | 7.2E04 | 1.7E+00
RuvB-like 1 G3HIC5 50 3 0 5 3 3 94E01 | 8.2E04 | 0.0E+00| 1.3E03 | 7.1E04 | 6.6E04 | 9.3E01
Rasrelated protein RabC G3HLWS5 23 4 0 4 3 2 8.7E01 | 2.4E03 | 0.0E+00| 2.3E03 | 1.5E03 | 1.3E03 | 8.7E01
T-complex protein 1 subunit
theta G3GT05 22 6 4 4 5 1 25E01 | 3.7E03 | 25E03 | 24E03 | 29E03 | 7.5E04 | 2.6E01
Cluster of Peptidyglycine
alphaamidating
monooxygenase B G3HQD5 95 4 3 4 4 1 1.6E01 | 58804 | 44E04 | 55E04 | 5.2E04 | 7.2E05| 1.4E01
TGFbeta receptor type lll G3HEB6 94 4 3 4 4 1 16E01 | 58E04| 44E04 | 55E04 | 53E04 | 7.3E05| 14E01
Cluster of Fcomplex protein 1
subunit zeta (Fragment) A0A0611221 53 2 2 0 1 1 8.7E01 | 5.2E04 | 5.2E04 | 0.0E+00| 3.5E04 | 3.0E04 | 8.7E01
T-complex protein 1 subunit
delta G3HDR3 42 0 3 4 2 2 8.9E01 | 0.0E+00| 9.9E04 | 1.2E03 | 7.4E04 | 6.5E04 | 8.8E01
Glucosidase 2 subunit belike
isoform 1 ADA06114U2 62 3 0 0 1 2| 17E+00| 6.6E04 | 0.0E+00| 0.0E+00| 2.2E-04 | 3.8E04 | 1.7E+00
T-complex protein 1 subunit
beta G3Hz42 57 0 3 3 2 2 8.7E01 | 0.0E+00| 7.3E04 | 6.8804 | 4.7E04 | 4.1E04 | 8.7E01
Cluster of Cytosolic non
specific dipeptidase G31692 53 0 2 0 1 1| 1.7E+00| 0.0E+00| 5.2E04 | 0.0E+00| 1.7E04 | 3.0E04 | 1.7E+00
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Table A.1(continued).

Spectral Counts

Normalized Spectral Abundance Factor (NSAF)

Accession MW Rep | Rep | Rep St

Protein Number (kDa) 1 2 3 Avg | Dev % CV Rep 1 Rep 2 Rep 3 Avg St Dev % CV
Hepatocyte growth factor
receptor G3H9I9 137 0 0 4 1 2| 1.7E4#0 | 0.0E+00| 0.0E+00| 3.8E04 | 1.3E04 | 2.2E04 | 1.7E+00
S-methyt5*-thioadenosine
phosphorylase G3l017 36 0 0 2 1 1| 1.7E+00| 0.0E+00| 0.0E+00| 7.2E04 | 2.4E04 | 4.2E04 | 1.7E+00
Glutathione Sransferase Mu-5
like protein A0A0611JD0 29 5 0 0 2 3| 1.7E+00| 2.4E03 | 0.0E+00| 0.0E+00| 7.9E04 | 1.4E03 | 1.7E+00
Cluster of Raselated protein
Rab14 G3HX83 24 2 0 0 1 1| 1.7E+00| 1.1E03 | 0.0E+00| 0.0E+00| 3.8E04 | 6.6E04 | 1.7E+00
ADP-dependent glucokinase
(Fragment) ADA061I7Y0 43 0 0 2 1 1| 1.7E+00| 0.0E+00| 0.0E+00| 6.0E04 | 2.0E04 | 3.5E04 | 1.7E+00
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APPENDIX B. MATLAB IMAGE PROCESSING FOR MANUAL MULTIPLEXED

FLUORESCENCE BEAD SORTING

MATLAB scripts used to determine average amalximum fluorescent intensity for each
emission/excitation filter use@dnd to plot the fluorescent intensity asiadtion of bead radius.

B.1  Extraction and renaming of images from MicroManager Software Export

PictureFileExtractor.m

disp('CLiP Library Screen ing Fluorescence Microscopy Picture File
Extractor’)
disp('Use this program to batch extract microscopy image files from

MicroManager folders')
loadIDsdialog=questdig('Create txt file named "batchIDs" in the
ImageAnalysis folder listing all sample IDs to b e processed in a
column. NOTE: Sample IDs must exactly match the folder names from
MicroManager!','Create Batch IDs file','Complete','Cancel’,'Cancel’);
switch loadlDsdialog
case 'Complete’
batchlDs=importdata('batchlDs.txt");
enabledpa ths=questdig('Enable path to MicroManager files by
right - clicking on the MicroManagerFiles folder, and selecting Add to
path - >Selected Folders and Subfolders.','Enable
Path','Complete’,'Cancel’,'Cancel");
switch enabledpaths
case 'Compl ete
loadfilesdialog=questdig('Copy MicroManager file

folders into the ImageAnalysis \ MicroManagerFil  es folder. NOTE: No
changes should be made to the files prior to copying the folders','Copy
MicroManager files to directory','Complete’,'Can cel','Cancel);

switch loadfilesdialog
case 'Complete’
t xtsize=size(batchlDs);
reps=txtsize(1,1);
counter=1,;

home='C: \ Users \ lavoi \ Documents \ MATLAB ImageAnalysis';
for counter=1:reps
filelD =batchlDs{counter};
fileIDgreen=strcat(filelD,’ - 488");
filelDred=strcat(filelD,' -5941;

locgreen=strcat('C: \ Users \ lavoi \ Documents \ MATLAB ImageAnalysis \ MicroMan
agerFiles \'f ileIDgreen,’ \ Pos0);

cd(locgreen);
green=imread('img_000000000_Default_000.tif");

cd(home);

greenimage=strcat(fileIDgreen,"tif");
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imwrite(green ,greenimage);

locred=strcat('C: \ Users \ lavoi \ Documents \ MATLAB ImageAnalysis \ MicroManag
erFiles \'filelDred, \ Pos0";
cd(locred);

red=imread('img_000000000_Default_000.tif");
cd(home);
redimage=strcat(filelDred,".tif");
imwrite(red,redimage);
counter=counter+1;
clear - except counter
end
case 'Cancel
disp('Batch cancelled. Thank you for using
Picture File Extractor’;

end
case 'Cancel’
disp('Batch cancelled. Thank you for using Pic ture File
Extractor");
end
case 'Cancel'
disp( Batch cancelled. Thank you for using Picture File
Extractor");
end
clear
clc
disp('Batch extraction complete. Thank you for using Picture File
Extractor");

B.2 Calculation of Image Parameters afeation of Radial Fluorescent Intensity Plots

ImageAnalysis.m

disp('CLiP Library Fluorescent Image Processing')

%This program quantifies Alexa Fluor 488 and 594 fluorescence
%characteristics from UCLIP and BCLIP library beads screen with
%fluorescently | abeled proteins.

disp('Move .tif microscopy file s into MATLAB directory. Image names must
have the correct, full sample ID and excitation wavelength.")
samplelD=input('Enter sample ID: ");

greenfile=strcat(samplelD,' - 488.tif");
redfile=strcat(samplelD,’' - 594 tif");
greenl=importdata(greenfile);

%Uploads image at 488nm excitation

red1l=importdata(redfile);

%Uploads image at 594nm excitation

red=double(redl);

green=double(greenl);

%formats pixel intensity data for processing
green(green<200)=NaN;
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red(red<200)=N aN;
%removes background intensity
avg_green=nanmean(nanmean(green));
avg_red=nanmean(nanmean(red));
%calculates mean intensity (not including zeros)
max_green=max(max(green));
max_red=max(max(red));
%calculates maximum intensity
std_green=nanstd(nanstd(gre en));
std_red=nanstd(nanstd(red));
%calculates intensity standard deviation
fusefig=figure('Name','Composite’);
hold on
fuse=imfuse(greenl,redl,'falsecolor','Scaling','none’,'ColorChannels’,[2,1
,01);
imshow(fuse)
imtool(fuse,'DisplayRange’,[0 50000]);
%cre ates composite 488/594 image
overl aylabel=strcat(samplelD,"_composite.tif');
imwrite(fuse,overlaylabel)
hold off
imtool close all
%save and close composite image
greenfig=figure('Name','488nm Bead Finder";
hold on
imshow(greenl)
%plots 488nm figure
[g_cen ter,g_radius]=imfindcircles(greenl,[150
250],'ObjectPolarity','bright’,'Sensitivity',0.96);
gTF=isempty(g_center);
if gTF==1,
[g_center,g_radius]=imfindcircles(greenl,[250
350],'ObjectPolarity’,'bright’,'Sensitivity',0.96);
gTF=isempty(g_cent er);
if gTF==1;
[g_center,g_radius]=imfindcircles(greenl,[150
250],'ObjectPolarity’,'bright’,'Sensitivity',0.97);
gTF=isempty(g_center);
if gTF==1,
[g_center,g_radius]=imfindcircles(greenl,[250
350],'ObjectPolarity’, ‘brigh  t','Sensitivity',0.97);
end
end
end
%increasing radius/imfindcircle sensitivity to try and pick up missed
beads
gcr=viscircles(g_center,g_radius);
%identifies beads by intensity and highlights the identified bead on the
%488nm image
disp( 'Check highlighted area to ensure analysis of appropriate area.")
%User check. User should look to ensure that any visible beads are
%highlighted.
[X,y]=meshgrid(1:2048,1:2048);
%creates X,y coordinate grid for conversion to polar coordinates
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gTF=

isempty(g _cente r);

if gTF==1,;

else

yfitg=ag(1)*xfitg(). 5+bg(1)*xfitg(;).*4+cg(1)*xfitg()) 3 +dg(1)*xfitg(:)

ag=0;

bg=0;

cg=0;

dg=0;

eg=0;

fg=0;
g_radius_round=0;
g_max_int_ratio=0;
g_avg_max_ratio=0;
g_center_int=0;

hold off

%tells program to register no bead found if it can't identify anything

g_center_round=round(g_center(1,:));
g_radius_round=round(g_radius(1));

%rounding center and radius to line up with an x/y coordinate
hold off

xg=x(:) -g_cen ter_round(1,1);

vo=y(:) - g_center_round(1,2);

%reset x/y coordinates so t hat identified bead center becomes plot
%origin

green(isnan(green))=0;

%setting and NaNs to 0 in dataset
g_center_int=green(g_center_round(1,1),g_center_round(1 2));
%limiting radial intensity analysis to just the bead radius
g=gree n();

[theta,rho,g]=cart2pol(xg,yg,9);

%converting from cartesian to polar coordinates
g_rad_int=[rho,g];
Green_FI_v_rad=figure('Name','Green_FI|_v_rad’);

hold on

plot(rho,g,'9")

xlim([0,g_radius_round+1])

title('488nm Excita tion Radial Fluorescence Intensity")
xlabel('Radius (pixels)’)

ylabel('488nm Fluorescence Intensity")

g_ra d_int_lim=g_rad_int(g_rad_int(;,1)<g_radius_round -25,2);
g_rho_u=(g_rad_int_lim(:,1));

g_i_u=(g_rad_int_lim(:,2));

g_rho=doubl e(g_rho_u);

g_i=double(g_i_u);

gfit=polyfit(g_rho,g_i,5);

ag=gfit(1);

bg=gfit(2);

cg=dfit(3);

dg=dfit(4);

eg=gfit(5);

fg=dfit(6);

xfitg=0:g_radius_round - 10;

AN2+eg(1)*xfitg(:)+fg(1);



plot(xfitg,yfitg,'k")
legend('Empirical’,'Polyfit")
gradiallabel=strcat(samplelD,’_488_RadIntPlot');

saveas(Green_Fl_v_rad,gradiallabel, 'tiffn")
hold off
%evaluates intensity as a function of bead radius

doubleg=double(g_rad_int);
[FI_gmax,row_gmax]=max(doubleg(:,2));
g_Rmax=doubleg(row_gmax,1);
g_max_int_ratio=g Rmax/g_radius_round;
%identifies dimensionless ra dius w/ max intensity
g_avg_max_ratio=avg_green/max_green;
%metric of uneven distribution of intensity as a function of radius
end
%Repeated analysis for red/594nm excitation, see above
redfig=figure('Name','594nm Bead Finder");
hold on
imshow(redl )
[r_center,r_radius]=imfindcircles(red1,[150
250],'ObjectPolar ity','bright','Sensitivity',0.96);
rTF=isempty(r_center);
if rTF==1;
[r_center,r_radius]=imfindcircles(redl,[250
350],'ObjectPolarity’,'bright’,'Sensitivity',0.96);
rTF=isempty(r_center);
if rTF==1,;
[r_center,r_radius]=imfindcircles(red 1,[150
250],'ObjectPolarity’,'bright’,'Sensitivity',0.97);
rTF=isempty(r_center);
if ITF==1;
[r_center,r_radius]=imfindcircles(red1,[250
350] ,'ObjectPolarity’,'bright’,'Sensitivity',0.97);
end
end
end
rcr=viscircles( r_center,r_radius);
disp('Check highlighted area to ensure analysis of appropriate area.")
rTF=isempty(r_center);
if ITF==1;
ar=0;
br=0;
cr=0;
dr=0;
er=0;
fr=0;
r_radius_round=0;
r_max_int_ratio=0;
r_avg_max_ratio=0;
r_center_int=0;
hold off
else
r_center_round=round(r_center(1,:));
r_radius_round=round(r_radius(1));
hold off
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xr=x(:) - r_center_round(1,1);
yr=y(:) -r_center_round(1,2);
red(isnan(red))=0;
r_center_int=red(r_center_round(1,1
r=red(:);
[theta,rho,r]=cart2pol(xr,yr,r);
r_rad_int=[rho,r];

),r_center_round(1,2));

Red_FI_v_rad=figure('Name' ,Red_FI_v_rad;

hold on

plot(rho,r,'r")
xlim([0,r_radius_round+1])
title('594nm Excitation Radial Fluorescence
xlabel('Radius (pixels)")

ylabel('594nm Fluorescence Intensity’)
r_rad_int_lim=r_rad_int(r_rad_int(;,1)
r_rho_u=(r_rad_int_lim(;,1));
r_i_u=(r_rad_int_lim(:,2));
r_rho=double(r_rho_u);

r_i=doub le(r_i_u);
rfit=polyfit(r_rho,r_i,5);

ar=rfit(1);

br=rfit(2);

cr=rfit(3);

dr=rfit(4);

er=rfit(5);

fr=rfit(6);

xfitr=0:r_radius_round - 10;

Intensity’)

<r_radius_round

yfitr=ar(1)*xfitr(:).A5+br(1)*xfitr(:). +cr(1)*xfitr(:).~3+dr(1)*xfitr(:)
S2+er(l)  *xfitr(:)+fr(2);

end

tabprint=[avg_green std_green max_green ag bg cg dg eg fg g_radius_round

plot(xfitr,yfitr,'k")
legend('Empirical’,'Polyfit")
rradiallabel=strcat(sampl
saveas(Red_FI_v_rad,rradiallabel,tiffn")
hold off

doubler=double(r_rad_int);

[FI_rmax,row_rmax]=max(doubler(: 2));

r_Rmax=doubler(row_rmax,1);
r_max_int_ratio=r_Rmax/r_radius_round,;
r_avg_max_ratio=avg_r ed/max_red;

elD,'_594_RadiIntPlot’);

g_center_int g_max_int_ratio g_avg_max_ratio avg_red std_red

cr drer frr_radius_round r_center_int r_max_int_ratio r_avg_max_ratio];
tabprint=double(ta bprint);
%Saving relevent data to text file, dialog allows user to cancel save
savedialog=questdig('Save to txt file?','Write to txt','Yes','No, close
all','No, but keep results open','Yes";
switch savedialog

case 'Yes'

fileID=fopen('SingleBeadFluorescenceTabulated.txt','a");

fprintf(filelD,'%s \ t',samplelD);

- 25,);

max_red ar br
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fprintf(filelD,'%f \t9%f \t%d \t%e \t%e \t%e \t%e \t%e \t%e \t%f \t
OB\t %f \t%f \t%f \t%f \t%d \t%e \t%e \t%e \t%e \t%e \t%e \t%f \t%f \t%f \t
% \ n',tabprint);
fclose(fileID);
close all
clear
clc
case 'No, close all
close all
clear
clc
case 'No, but keep resul ts open’
disp('Files open";
end
disp('Run Complete. Thank you for using CLIP Library Fluorescent Image
Processing!)
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APPENDIX C. RESIN CONTROLS FOR SYNTHESIZED PEPTIDE RESINS

Adapted fronLavoie, R. A.; di Fazio, A.; Blackburn, R. K.; Goshe, M.; CarbofeliG.;
Menegatti, S. Targeted Capture of Chinese Hamster OvaryG#dsProteins: Peptide Ligand
Discovery. Int. J. Mol. Sci. 2019, 20 (7), 17R9pendix C.

100%

m4HP

90%
m6HP
4MP
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40% 6MP
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Figure C.1: Headto-head comparison of peptideupled resins to Toyopearl A&kmino-

650M and Dyopearl HW65F polymethacrylate control resins. A representativefildrCHO-

K1 mAb production harvest was directly | oaded
where HCP, IgG, and total protdamundin the supernatanivere further comparetb determine

the impact of the peptide coupling. Using an analysigobnce for each assay as a function of

resin type, a strong correlation between protein binding and the functional group for each of the
resins was found (p < 0.0001, =0.0002, <0.0f@d1otal protein removal, HCP removal, and IgG
removal, respective)y
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APPENDIX D. TABULATED PROTEIN QUANTIFICATION FROM STATIC BINDING MODE EVALUATION OF HCP -

SELECTIVE PEPTIDE LIGANDS

Adapted fronLavoie, R. A.; di Fazio, A.; Blackburn, R. K.; Goshe, M.; Carlipie G.; Menegatti, S. Targeted Capture of Chinese
Hamster Ovary Host Cell Proteins: Peptide Ligand Discovery. Int. J. Mol. Sci. 2019, 20 (7)Aggeadix B.

Table D.1:

Tabulatedprotein removal byresin andbuffer condition Total protein (TP), hostedl protein (HCP), and monoclonal
antibody (mAb) maswas calculated from the Bradford total protein determination, HCP ELISA, and EasyTiter Assay (see Materials
and Methods section), multiplied by the total volume loaded for the load condition, and tovenfldav-through and wash volume
collected posstaic binding study. Total protein, host cell protein, and mAb removed was calculated as described in Equation 4.1. The
resin HCP targeted binding ratio (TBR) was calculated as described in Equation

Low Load (&85 mg HCP/ m Highload (810 mg HCP/ mL r ¢
Sample Output 20 mM NacCl 150 mM NaCl 20 mM NaCl 150 mM NacCl
pH 6 pH 7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8
TP Mass (mg) 1.3+ 11+ 1.0+ 11+ 1.3+ 0.9+ 26+ 22+ 20+ 21+ 26+ 1.8+
0.038 0.038 0.015 0.032 0.027 0.023 0.048 0.034 0.048 0.012 | 0.041 | 0.065
Load HCP Mass 014+ | 0.12+ | 0.112+ | 0.073+| 0.15+ | 0.099+| 0.28+ | 0.25+ | 0.22+ | 0.15+ | 0.28+ | 020
(mg) 0.0042 | 0.0042 | 0.0016 | 0.0022 | 0.0029 | 0.0025 | 0.0053 | 0.0039 | 0.0053 | 0.00084| 0.0046| 0.0072
mAb Mass 1.1+ 091+ 1.1+ 1.3+ 16+ 1.1+ 23+ 0.8+ 21+ 25+ 30+ | 22+
(mg) 0.034 0.032 0.015 0.038 0.031 0.028 0.042 0.300 0.050 0.015 | 0.048 | 0.080
TP Mass (mg) 065+ | 042+ | 060+ | 058+ | 0.63+ | 042+ 1.7+ 13+ 1.8+ 1.7+ 1.7+ 12+
0.020 0.021 0.074 0.19 0.042 0.028 0.021 0.077 0.11 0.030 | 0.057 | 0.17
TP Removed | 48% + | 62% + | 42%+ | 45%+ | 53%+ | 53%+ | 35%+ | 43%+ | 14%+ | 19%+ | 34% + | 35% +
(%) 2.6% 1.9% 5.9% 16% 2.9% 1.4% 1.3% 4.4% 3.9% 1.8% 25% | 7.1%
HCP Mass | 0.042+| 0.025+| 0.044+| 0.016+| 0.084+| 0.090+| 0.20+ | 0.089+| 0.090+ | 0.078 = 0'160 0.14 +
(mg) 0.0061 | 0.0024 | 0.0047 | 0.0068 | 0.0079 | 0.0039 | 0.0073 | 0.027 | 0.0078 | 0.019 0 0‘090 0.021
6HP HCP Removed 70%+ | 79%+ | 62%+ | 86%+ | 43%+ | 94%+ | 30%+ | 64%=* | 60%+ | 66%+ | 44% + | 30% *
(%) 4.8% 2.0% 5.1% 5.5% 5.0% 5.9% 0.53% 11% 4.1% 8.5% 3.6% | 8.2%
mAb Mass 057+ | 048+ | 058+ | 0.63+ | 0.74+ | 042+ 1.6+ 0.99 + 1.7+ 174+ | 20+ 1.0+
(mg) 0.056 0.018 0.010 0.078 0.091 0.040 0.035 0.28 0.18 0.089 0.15 0.26
mAb Removed 48% + | 49%xz 46% + | 49% + | 53%+ | 62%+ | 30%+ | 36%+ | 21%+ | 31%+ | 34%+ | 54% +
(%) 4.4% 1.9% 0.5% 6.0% 5.5% 3.0% 3.6% 18% 7.2% 3.8% 4.1% 11%
HCP TBR 1.4+ 1.6+ 1.3+ 1.8+ 0.8+ 0.2+ 1.0+ 20+ 3.2+ 22+ 1.3+ | 055+
0.11 0.03 0.10 0.20 0.03 0.09 0.13 0.73 1.6 0.045 0.29 011
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Table D.1(continued).

Low Load (345 mg HCP/ m Hi gh Load (410 mg HCP
sample | Output 20 MM NaCl 150 mM NaCl 20 mM NaCl 150 mM NaCl
pH 6 pH7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8
TP Mass (mgy| 0-60F | 058% | 075 | 068 | 066% | 053z | 17+ | 13% | 183 | 17s | 18 | 132
0031 | 0.068 | 0.016 | 0.025 | 0.021 | 0.016 | 018 | 0.054 | 0.026 | 0.056 | 0.054 | 0.087
TP Removed | 49%+ | 48%+ | 27%+ | 36% < | 51% % | 42% ¢+ | 33% % | 42%+ | 13%+ | 18%+ | 31%z% | 24%+
(%) 22% | 61% | 15% | 16% | 1.4% | 13% | 53% | 32% | 35% | 3.0% | 1.6% | 52%
HCP Mass | 0040+ | 0.033+| 0046+ | %994 | 0068+ | 0.086+| 014+ | 0.099+| 013+ | 0.061+| 014+ | 0.13+
(mg) 0.010 | 0.0083 | 0.0034 | (o | 0011 | 0.0093 | 0016 | 0015 | 0.016 | 0.016 | 0.034 | 0.018
6MP | HCP Removed 72%+ | 73% % | 50%+ | 93% =+ | 54%+ | 1%+ | 49.4%+| 59.3% +| 42.2% | 735% | *L:/% | 31.30¢
(%) 6.0% | 65% | 23% | 3.8% | 7.3% | 8.8% | 6.9% | 6.7% | 74% | 6.9% | 1,0 |+9.6%
mAD Mass | 0565+ | 0620+ | 0642%| 0.853%| 0.770% | 0.580% | 15% | 10% | 17% | 14x | 17+ | 12+
(mg) 0.054 | 0110 | 0.036 | 0128 | 0169 | 0087 | 019 | 0022 | 024 | 017 | 020 | 022
mAD Removed 51%+ | 33% % | 40% % | 33% % | 51%+ | 520+ | 34%= | 31%< | 17%z | 44% =% | 44%= | 44% <
(%) 54% | 12% | 33% | 10% | 11% | 75% | 8.2% | 056% | 12% | 6.9% | 6.2% | 10%
copTer | L4% | 24% | 15+ | 30 | Llx | 027 | 15% | 19% | 53+ | 17+ | 12% | 070+
026 | 11 | 0086 | 074 | 037 | 017 | 036 | 025 | 61 | 042 | 037 | 0.063
TP Mass (mgy| 067% | 043% | 06l | 066% | 066% | 040% | 18+ | Lox | 18% | 17z | L7# | 122
0.050 | 0011 | 0.010 | 0.017 | 0.043 | 0.033 | 0.035 | 0.046 | 0.103 | 0.057 | 0.067 | 0.071
TP Removed | 48%+ | 58%+ | 42% ¢+ | 38%+ | 49% ¢+ | 55%+ | 28% % | 43%+ | 14% % | 21%+ | 34%+ | 29% *
(%) 36% | 39% | 0.8% | 15% | 1.3% | 3.6% | 1.7% | 34% | 3.7% | 2.7% | 1.6% | 2.7%
HCP Mass | 0.051% | 0.028+ | 0.024%| 0.015% | 0.040% | 0.051| 0.14% | 0.088% | 0.092% | 0.046% | 0.12+ | 0.13%
(mg) 0.016 | 0.0065 | 0.0021 | 0.0015 | 0.0046 | 0.0034 | 0.026 | 0.016 | 0.019 | 0.016 | 0.022 | 0.018
sup | FCPRemoved 64%= | 75% % | 79%=+ | 87%% | 72%+ | 49%% | 49%+ | 64%+% | 59%+ | 80%+ | 57% | 31%=+
(%) 11% | 42% | 18% | 13% | 2.3% | 34% | 9.7% | 7.4% | 82% | 71% | 7.9% | 11%
mAb Mass | 071% | 046+ | 062+ | 0.67+ | 068+ | 041+ | 16+ | 07+ | 16% | 14+ | 15+ | 1.0+
(mg) 041 | 0050 | 0010 | 011 | 0091 | 0045 | 021 | 012 | 014 | 024 | 0.090 | 0.088
mAD Removed 39%+ | 47% % | 43%+ | 47% % | 55%+ | 62% % | 27%+ | 52% % | 26%+ | 44%% | 50% % | 51%+
(%) 9.4% | 95% | 1.0% | 81% | 4.3% | 47% | 8.9% | 8.0% | 62% | 9.5% | 2.4% | 2.4%
ropeR | L7% | 16% | 19+ | 18+ | 13+ | 078+ | 18% | 12% | 23% | 18+ | 11+ | 061+
030 | 02 | 0032 | 017 | 0084 | 010 | 038 | 019 | 027 | 023 | 015 | 0.36
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Table D.1(continued).

Low Load (345 mg HCP/ m Hi gh L oa dHCP/&llrésinyng
Sample Output 20 mM NaCl 150 mM NaCl 20 mM NaCl 150 mM NacCl
pH 6 pH7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8 pH 6 pH 7 pH 8
TP Mass (mg) 082+ | 064+ | 088+ | 0.83+ | 087+ | 062+ 1.8+ 15+ 19+ 18+ 19+ 1.3+
0.073 0.017 0.025 0.020 0.006 0.013 0.15 0.15 0.14 0.065 0.03 0.13
TP Removed | 38% + | 42%+ | 17%+ | 23%+ | 35%+ | 30%+ | 31%+ | 32% + 9% + 12% + | 25% + | 29% +
(%) 3.9% 1.7% 2.2% 1.4% 0.6% 1.5% 4.5% 6.0% 5.3% 3.0% 0.6% | 6.7%
HCP Mass | 0.061+| 0.028+| 0.027+| 0.014+| 0.047+| 0.064+| 0.17+ | 0.11+ | 0.12+ | 0.061+| 0.23+ | 0.13
(mg) 0.011 | 0.0061 | 0.0042 | 0.0059 | 0.0032 | 0.0070 | 0.035 0.017 0.023 | 0.0081 | 0.041 | 0.021
AMP HCP Removed 58% + | 77%+ | 77%+ | 88%+ | 68%+ | 35%+ | 39%+ | 55%+ | 46%+ | 73%+ | 20% + | 36% *
(%) 7.3% 5.1% 3.6% 5.1% 1.8% 8.4% 11% 6.5% 10% 3.5% 14% 10%
mAb Mass 080+ | 077+ | 084+ | 073+ | 0.69%+ | 047+ 16+ 1.1+ 16+ 15+ 21+ 1.0+
(mg) 0.017 0.039 0.047 0.095 0.059 0.024 0.23 0.046 0.080 0.58 0.28 0.17
mADb Removed| 31% + | 16% + | 23%+ | 43%+ | 56% =+ | 57% % | 29%+ | 28%+ | 25% + | 39% + | 30% £ | 54% *
(%) 3.1% 4.1% 4.0% 7.8% 3.6% 3.0% 9.6% 3.9% 3.6% 23.4% | 10.7% | 7.8%
HCP TBR 19+ 49+ 3.3+ 20+ 12+ 0.63 £ 1.3+ 19+ 1.8+ 19+ | 0.68% | 0.66 =
0.16 0.27 0.18 0.19 0.069 0.24 0.44 0.18 0.27 0.61 0.77 0.32
TP Mass (mg) 029+ | 0.11+ | 0.095+| 045+ | 0.32%+ | 0.083x| 14+ 054+ | 086+ 15+ 13+ | 0.74
0.032 0.030 | 0.0036 | 0.016 0.028 0.027 0.097 0.14 0.21 0.091 | 0.067 | 0.067
TP Removed | 78% + | 90% + | 91%+ | 58%+ | 76%* | 91%+ | 46%+ | 75%+ | 57%+ | 31%+ | 50% + | 59% +
(%) 1.9% 2.7% 0.40% 2.0% 2.0% 3.3% 4.1% 6.6% 8.8% 4.4% 1.9% | 3.1%
HCP Mass | 0.046+| 0.036+| 0.030+| 0.027+| 0.043+| 0.065+| 0.17+ | 0.13%+ | 0.12+ | 0.084+| 0.13+| 0.14
(mg) 0.020 | 0.0072 | 0.0045 | 0.011 | 0.0032 | 0.0063 | 0.033 0.028 0.037 0.016 | 0.017 | 0.016
CA HCP Removed 69%+ | 70%+ | 74%+ | 77%+ | 71%+ | 33%+ | 38%+ | 48%* | 46%+ | 64%+ | 53% + | 30% *
(%) 13% 5.9% 4.0% 9.9% 1.5% 3.3% 12.1% 12% 14% 7.0% 51% | 7.3%
mAb Mass 0.22+ | 0.048+| 0.025+| 0.35+ | 0.24+ | 0.075+| 1.1+ 037+ | 0.60+ 12+ 12+ | 061+
(mg) 0.034 | 0.0087 | 0.024 0.028 0.023 0.011 0.26 0.052 0.21 0.16 0.22 0.079
mAb Removed, 81% + | 95% + | 98% + | 72%+ | 85%+ | 93% <+ | 51%+ | 76%+ | 72%+ | 52% + | 59% + | 73% +
(%) 3.0% 1.0% 2.2% 1.8% 1.5% 1.1% 12% 3.3% 9.0% 6.5% 8.0% | 3.2%
HCP TBR 085+ | 0.74+ | 0.76 1.1+ 084+ | 036+ | 076+ | 0.63+ | 0.65% 12+ | 0.89+ | 042+
0.19 0.085 0.058 0.13 0.028 0.10 0.39 0.26 0.33 0.17 0.17 0.24
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Table D.1(continued).

Low Load (345 mg HCP/ m Hi gh Load (410 mg HCP
Sample Output 20 mM NaCl 150 mM NacCl 20 mM NaCl 150 mM NacCl
pH 6 pH7 pH 6 pH7 pH 6 pH 7 pH 6 pH 7 pH 6 pH7 pH 6 pH 7
TP Mass (mg) 086+ | 056+ | 051+ | 092+ | 0.88+ | 054+ 1.8+ 13+ 15+ 20+ 1.8+ 12+
0.063 0.035 0.024 0.031 0.023 0.012 0.10 0.087 0.13 0.043 | 0.054 | 0.080
TP Removed | 33%+ | 50% + | 52% + 9% + 33% + | 40% =+ | 29%+ | 41%+ | 29% £ 5%+ | 31%+ | 30% +
(%) 4.3% 3.4% 2.3% 3.8% 1.8% 1.4% 4.0% 3.8% 5.8% 1.9% 25% | 4.2%
HCP Mass | 0.053+| 0.020+| 0.028+| 0.017+| 0.056+| 0.059+| 0.14+ | 0.12+ | 0.11+ | 0.09%+ | 0.17+| 0.14 +
(mg) 0.0033 | 0.0043 | 0.0031 | 0.0074 | 0.0093 | 0.0077 | 0.064 0.026 0.031 0.027 | 0.034 | 0.016
cQ HCP Removed 63% + | 84%+ | 76%+ | 85%+ | 61%+ | 40%+ | 50% + | 50%z 50%+ | 59% + | 40% + | 28% +
(%) 2.9% 3.4% 2.6% 6.8% 6.4% 7.5% 22% 11% 14% 12% 13% 12%
mAb Mass 072+ | 058+ | 0.38+ | 0.66+ | 0.80+ | 047+ 19+ 0.79 1.1+ 14+ 1.7+ 1.1+
(mg) 0.17 0.11 0.027 0.10 0.11 0.029 0.13 0.37 0.16 0.13 0.20 0.31
mAb Removed| 38% + | 38% + | 65%+ | 46%z 48% + | 57% + | 19% + | 48% =+ | 46% * | 43% % | 41% = | 47% *
(%) 14% 12% 2.6% 8.9% 7.5% 2.9% 5.5% 24% 7.2% 5.3% 7.0% 17%
HCP TBR 1.7+ 22+ 12+ 19+ 13+ 0.71 % 26+ 10+ 11+ 14+ | 095+ | 0.60 =
0.37 0.31 0.052 0.21 0.19 0.19 0.54 0.55 0.31 0.23 0.36 0.56
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APPENDIX E. TABULATED SPE CTRAL ABUNDANCE FACTOR AND FEED VS. STATIC BINDING SUPERNATANT

ANOVA P-VALUES

Adapted from Lavoie, R. A.; di Fazio, A.; Islam Williams, T.; Menegatti, S.; Carbonell, R. G. Targeted Capture of Chirstee Ham
Ovary Host Cell Proteins: Peptide Ligand Bindibg Proteomic Analysis. Biotech Bioe?@l19 In review.

Table E.  Calculatedneanand standard deviation (N=3) of spectral abundance factor (SAFh aaidgfrom ANOVA comparison
to feed spectral abundance factor by host cell protein species anat i@di6, 20 mM NaCl. Theoretical molecular weight (MW) and
isoelectric point (pl) calculated based on amino acid sequence is tabulated based on the EXPASy Compygdevipstitute of
Bioinformatics) in addition to thealculated grandverage of hydropathy (GRAVYY, as calculated by the Fuchs GRAVY Calculator
(Fuchs)

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP 4MP 4AMP 6MP 6MP Capto Q | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAF St 4HP Mean | SAF St 6HP Mean | SAFSt| 4MP Mean | SAF St 6MP Mean | SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description | SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
G3IDM2 Cofilin-1 1.17E+0( 8.26E02| 7.62E01 | 9.31E02 | 1.42E03| 4.03E01 | 3.99E02| 1.62E05| 7.13E01 | 1.09E01 | 1.29E03| 5.27E01 | 9.90E02 | 2.01E04|1.10E+0( 3.82E01 | 7.53E01| 8.41E01 | 1.43E01 | 4.72E02
Peptidytprolyl  cis-
G3H533 trans isomerase 1.16E+0( 6.47E02|1.28E+0( 3.17E01 | 5.05E01] 9.97E01 | 1.36E01 | 9.34E02|1.07E+0( 1.30E01 | 2.93E011.22E+0( 1.88E01 | 5.63E01|1.22E+0(J 1.06E01 | 3.57E01|1.16E+0( 9.38E02 | 9.96E01
G3IPU3 14-3-3 protein epsilor] 1.10E+0Q 1.46E01| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0(¢ 2.78E05| <LOD [0.00E+0( 2.78E05| <LOD |0.00E+0q 2.78E05|9.93E02|1.72E01|3.59E04| <LOD [0.00E+0Q 2.78E05
G3IKQ9 Osteopontin 1.04E+0( 8.75E02] 6.07E02| 5.26E02 | 8.52E06 | 6.01E02| 5.21E02 | 8.37E06] 3.89E01 | 5.69E02| 7.11E05| 1.77E01 | 3.65E03| 7.49E06 | 8.80E02| 8.74E02 | 2.52E05] 5.73E02 [ 4.98E02 | 1.06E05
G3HNJ3 Clusterin 1.03E+0Q 6.79E02] 1.79E01 | 5.89E02 | 8.82E06| 1.36E01| 8.17E02 | 1.58E05] 1.92E01 | 6.22E02| 1.07E05| 2.27E01 | 4.34E02 | 6.83E06 | 2.83E01| 6.47E02 | 2.05E05] 2.72E01 | 2.70E02| 6.17E06
G3GTT2 C-C motif chemokine| 8.23E01| 1.67E01| 5.96E01 | 2.09E01 | 1.62E01| 5.46E01 | 2.43E01 | 1.29E01|5.12E01 | 1.20E01 | 3.29E02| 4.68E01| 1.47E01 | 2.73E02| 5.86E01 | 2.00E01 | 1.40E01 ] 3.52E01 | 1.12E01 | 8.90E03
Q9JKY1 Peroxiredoxinl 7.36E01| 2.60E02| 8.74E01| 2.02E01 | 2.45E01] 7.95E01 | 9.78E02| 3.06E01| 7.76E01 | 4.00E02| 1.67E01|1.04E+0(Q 6.43E-02 | 3.94E04] 9.69E01 | 1.22E01| 1.50E02| 8.03E01| 2.07E01 | 6.01E01
G3HOL9 Cathepsin B 6.22E01| 8.15E02| 1.04E02| 1.80E02 [ 3.12E05] 1.05E02 | 1.82E02| 3.13E05| 1.90E02| 3.29E02| 4.31E05] 3.12E02| 3.15E02 | 4.62E05] 3.60E01 | 1.26E01| 1.96E02| 1.57E01 | 1.23E-02 | 2.31E04
Endoplasmic
reticulum chaperonf
G3I8R9 BiP 6.13E01| 3.48E02| <LOD |0.00E+0(] 4.07E07| <LOD [0.00E+0( 4.07E07|1.49E02|1.48E02|6.96E07|1.63E02|2.83E02| 1.65E06] <LOD [0.00E+0(Q 4.07E07| <LOD |0.00E+0q 4.07E07
P48538 Galectinl 5.86E01| 3.90E:02| 5.02E02| 8.70E02 | 1.14E04| 7.95E02 | 1.65E03| 1.87E06| 5.70E01 | 1.24E01| 8.28501| 1.30E01 | 1.60E01 | 3.06E03] 5.99E01 | 2.01E01| 9.02E01| 2.33E01 | 1.29E01| 1.03E02
Metalloproteinase
G3IBHO inhibitor 1 5.65E01| 5.15E02| 8.68E01| 1.61E01 [ 1.81E02] 9.46E01 | 2.34E01| 2.77E02| 8.19E01 | 9.80E02 | 6.81E03| 7.51E01| 1.45E01 | 6.69E02| 8.60E01 | 9.55E02 | 3.34E03| 6.08E01 | 9.21E02| 6.28E01
G3I1H5 Legumain 5.51E01| 3.08E02| 7.06E02| 2.17E02 | 2.03E06] 6.36E02 | 4.99E02| 1.69E05| 1.70E01 | 3.61E02| 2.01E05| 7.91E-02| 3.74E02 | 7.69E06 | 5.43E02 | 5.37E02) 2.01E05| 1.53E02 | 1.33E02 | 8.09E07
G3HHR3 Vimentin 5.40E01| 6.45E02] 1.95E01| 3.37E02 | 2.58E04| 1.39E01 | 5.54E02) 2.63E04| 1.30E01 | 2.46E02| 8.68E05] 2.12E01| 1.36E01 | 8.43E03| 2.65E01 | 1.74E02| 5.02E04 | 1.39E01 | 2.28E02| 1.24E04
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto

Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere

Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Nucleoside

G3HBD3 diphosphate kinase [5.39E01|3.34E02|1.57E01|3.17E02| 1.69E05| 1.14E01| 1.42E01 | 2.45E03| 1.90E01 | 6.08E02| 1.91E04 | 8.97E02| 3.68E02| 1.10E05| 3.12E01| 4.37E02 | 4.87E04 | 1.80E01 | 3.06E02| 7.93E05
Pigment epitheliur]

G3IKX2 derived factor 5.35E01| 1.09E01| <LOD |0.00E+0( 2.18E04| <LOD |0.00E+0( 2.18£04| <LOD |0.00E+0( 2.18E04| <LOD |0.00E+0( 2.18£04| <LOD |0.00E+0( 2.18E04| <LOD |0.00E+0( 2.18E04

G3H8V5 Carboxypeptidase | 5.17E01| 4.88£02| <LOD |0.00E+0( 5.12E06| <LOD [0.00E+0( 5.12E06 | 6.58E03|1.14E02|6.22E06| <LOD |0.00E+0( 5.12E06]| 7.10E03| 1.23E02|6.38E06| <LOD |0.00E+0( 5.12E06
14-3-3 praein

G3HKZ1 zeta/delta 5.05E01| 7.22E02| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05

G3GVDO Actin, cytoplasmic 1 | 5.04E01| 6.34E02| <LOD |0.00E+0( 2.12E05| <LOD |0.00E+00|2.12E05|1.52E01|1.39E01|6.61E03| <LOD [0.00E+0q 2.12E05|1.96E01|1.70E01| 2.20E02| 1.45E01| 1.26E01 | 9.25E03
Phospholipid  transfq

G3H8V4 protein 5.03E01| 8.30E02| 4.26E02| 4.12E02| 2.05E04 | 2.89E02| 1.27E02| 1.11E04 | 2.05E£02 | 2.09E02 | 1.12E04 | 3.61E02 | 1.30E02 | 1.20E04 | 1.42E01| 6.54E02| 1.18E03| 6.35E02 | 3.50E02 | 2.34E04

Q9EPP7 Cathepsin Z 4.71E01|5.09E02 | 1.15E02 | 1.98E02 | 1.60E05 [ 3.45E02 | 3.48E02 | 3.74E05| 1.29E01 | 8.48E02 | 1.14E03 | 2.32E02 | 2.01E02 | 1.84E05 | 5.66E02 [ 1.96E02 | 2.65E05 | 4.45E02 | 3.87E02 | 7.72E05
Heat shock cognal

AOA06115D1  [protein 4.70E01| 4.36E02 | 6.30E02 [ 1.27E02 | 1.16E05| 2.14E02 | 2.45E02| 1.16E05| 3.98£02| 9.43E03 | 8.09E06 | 1.58E02 | 1.60E02 | 7.56E06 | 4.19E02 [ 1.90E02 | 1.14E05 | 5.24E02 | 1.60E02 | 1.50E05
Uncharacterized

G3IL03 protein 4.69E01(1.13E01(5.82E01 | 1.30E01 | 2.59E01 [ 6.41E01| 1.91E01 | 1.94E01 | 5.96E01 | 3.45E02 [ 9.21E02| 6.07E01 | 1.25E02 | 6.61E02 | 6.54E01 | 2.10E01 | 1.94E01 | 2.37E01 | 1.20E01 | 4.26E02
Phosphoglycerate

G3GZW8 mutase 1 4.62E01| 7.56E02 | 3.68E02 | 6.38E02 | 4.09E04 | 5.86E02| 1.02E01 | 1.63E03 | 1.77E02| 3.06E02| 1.32E04| <LOD |0.00E+0( 7.59E05| 1.90E02 | 3.30E02 | 1.42E04| <LOD |0.00E+0d 7.59E05

G3IEF1 Ferritin 4.50E01[1.07E01| <LOD |0.00E+0( 4.63E04| <LOD |0.00E+0( 4.63E04| <LOD |0.00E+0( 4.63E04| <LOD |0.00E+0( 4.63E04|1.26E018.22E02|5.64E03| <LOD |0.00E+0( 4.63E04
Nucleoside

G3HBD4 diphosphate kinase [4.46E01|6.71E02| <LOD |0.00E+0(] 5.07E05| <LOD |0.00E+0( 5.07E05| 1.06E01|9.59E02| 2.48E03 | 4.43E02| 7.67E02| 6.17E04 | 2.91E01| 4.43E02| 1.37E02| <LOD |0.00E+0( 5.07E05

G3I3U5 Nidogenl 4.43E01|5.07E02| 1.30E01 | 2.28E02| 1.13E04 | 1.04E01| 4.59E02 | 2.10E04 | 1.23E01 | 5.99E02| 5.24E04 | 1.95E01 | 7.05E02 | 2.68E03 | 2.05E01| 4.75E02 | 1.17E03| 5.03E02 [ 4.37E02| 8.61E05
Pigment  epithélim-

G31Q06 derived factor 3.98E01|8.62E02| <LOD [0.00E+0(| 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0qQ 2.91E04| <LOD |0.00E+0q 2.91E04|5.86E02| 1.01E01|4.33E03| <LOD |0.00E+0( 2.91E04

QIWV24 Beta2-microglobulin | 3.86E01 | 8.37E02| 3.40E01| 1.75E02| 3.41E01| 4.27E01| 1.51E01| 6.69E01 | 3.19E01 | 8.20E02 | 3.16E01 | 3.39E01 | 6.98E03 | 3.26E01 | 3.63E01 | 5.52E02 | 6.68E01 | 2.26E01 | 3.84E02| 3.01E02

G3HPT8 Suprabasin 3.81E01| 2.39E02| 3.30E01 ) 1.87E02) 2.32E02| 2.40E01 | 8.40E02 | 2.64E02 | 2.93E01 | 3.86E02 | 1.33E02 | 2.99E01 | 2.70E02 | 7.26E03 | 3.37E01| 4.93E02| 1.86E01 | 3.77E01 | 8.83E02| 9.49E01
Protein disulfide)

G3HB04 isomerase A6 3.64E01| 5.38E02| <LOD [0.00E+0(| 4.63E05| <LOD |0.00E+0( 4.63E05| <LOD |0.00E+0q 4.63E05| <LOD |0.00E+0q 4.63E05| <LOD |0.00E+0( 4.63E05| <LOD |0.00E+0( 4.63E05
14-3-3 protein

G3HLS2 beta/alpha 3.60E01)|0.00E+0] <LOD [0.00E+0( <LOD [0.00E+0d 3.93E02| 6.80E02| 2.66E04| <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
Suprabasitike

AOA061HTU1 |protein (Fragment) |3.53E01|2.94E02|3.57E01(3.77E02| 8.70E01 | 2.55E01| 9.00E02| 1.00E01| 2.91E01| 5.81E02| 1.25E01| 3.11E01 | 6.53E02| 3.04E01 | 1.27E01| 2.20E01| 1.06E01 | 3.91E01| 2.49E02 | 1.84E01

G3HCL6 Complement C3 3.51E01| 2.91E02| 2.16E02| 1.40E02 [ 6.06E06| 1.73E02 | 4.03E03 | 3.56E06 | 2.41E-02| 5.73E03| 4.13E06 | 2.36E02| 4.15E03 | 3.92E06 | 5.92E02 | 2.05E02| 1.78E05| 1.48E02| 6.84E03 | 4.10E06
Peptidylprolyl

G3H6Y5 isomerase 3.41E01| 1.14E01| 2.24E01| 8.49E02| 1.73E01| 2.22E01| 7.47E02| 1.51E01 | 3.32E01 | 6.40E02 | 8.96E01 | 2.23E01 | 1.56E01 | 2.89E01 | 3.03E01| 1.93E01 | 7.58E01 | 2.68E01 | 2.09E02 | 3.99E01
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
L-lactate
G31255 dehydrogenase 3.40E01| 2.74E02| 2.59E01 | 3.49E02| 1.65E02| 2.61E01| 9.85E02| 1.91E01| 2.61E01| 4.72E02| 3.74E02| 2.13E01 | 3.51E02| 2.66E03 | 2.75E01 | 6.04E02| 1.13E01 | 3.06E01 | 3.41E02 | 5.28E01
AOA0611D29  [Heat shock protein | 3.39E01| 1.19E01 | 3.33E01 | 8.92E02 | 9.46E01 | 9.31E02| 9.34E02| 2.58E02| 2.84E01| 9.28E-02| 5.18E£01| 1.82E01| 1.57E01| 1.84E01| 2.11E01 | 5.63E02 | 1.20E01 | 1.25E01 | 6.31E02| 2.80E02
G3IEY9 14-3-3 protein theta | 3.25E01| 7.22E02| 4.09E02 | 4.03E02| 1.16E03| <LOD |0.00E+0( 3.29E04| 9.33E02 | 4.74E02| 3.48E03| 2.75E02| 4.76E02| 1.15E03| 2.72E02 | 4.71E02 | 1.13E03| <LOD [0.00E+0Q 4.55E04
G3INC5 Cathepsin L1 3.23E01| 4.66E02| 2.05E02) 1.77E02) 7.88E05| 2.13E02| 1.85E02 | 8.20E05 | 8.88E02 | 3.01E02 | 4.47E04 | 3.15E02 | 6.47E04 | 6.79E05| 1.45E01 ) 6.75E02 | 8.60E03| 2.03E02| 1.77E02 | 9.20E05
Acyl-CoA-binding
G3H5D5 protein 3.21E01| 4.28E02| 2.91E01| 6.52E02| 4.93E01| 3.49E01| 1.54E01| 7.46E01 | 3.54E01| 5.78E02| 4.20E01 | 3.46E01 | 2.30E01| 8.43E01 | 4.26E01| 7.68E02 | 6.83E02| 1.12E01 | 9.74E02| 1.12E02
Nucleobindin2-like
AOA0611451 protein 3.20E01| 4.70E02 | 3.44E02) 1.08E£02) 8.86E05| 1.38E02| 1.20E02 | 6.50E05 | 4.57E02| 1.27E02| 1.13E04 | 6.77E03| 1.17E02 | 5.78E05| 2.08E02| 2.09E02| 9.67E05| 2.69E02 | 2.33E02 | 1.18E04
Retinoic acid receptq
Q8HDG8 responder protein 2 | 3.03E01| 3.09E02| 2.72E01 | 7.50E02| 4.93E01 | 2.52E01 | 5.22E03 | 2.46E02| 1.95E01 | 8.77E02| 7.43E02| 3.13E01 | 6.29E02| 7.97E01 | 2.88E01| 7.15E02 | 7.23E01| 3.51E01 [ 1.30E01| 5.01E01
G3GZB2 Acid ceramidase 2.98E01| 5.63E02| 8.32E03| 1.44E02| 2.02E04 | 3.52E02| 1.55E02 | 3.27E04 | 4.07E02 | 1.33E02 | 3.46E04 | 1.76E02 | 3.05E02 | 3.73E04 | 7.73E02| 2.53E02| 9.58E04 | 3.38E02| 2.94E02| 1.15E03
AOA061HUH1 |Caltractinlike protein| 2.98E01 | 5.95E02| <LOD [0.00E+0( 2.00E04| <LOD |0.00E+0( 2.00E04| <LOD |0.00E+0(Q 2.00E04| <LOD [0.00E+0Q 2.00E04| <LOD |0.00E+00|2.00E04| <LOD |0.00E+0( 2.00E04
G3IG05 Annexin 2.96E01| 3.70E02| 3.64E01 | 6.54E02 1.44E01| 3.33E01 | 6.06E02 | 3.60E01 | 3.26E01 | 4.43E02 | 3.67E01 | 3.76E01 | 2.33E02| 1.71E02 | 3.85E01 | 7.80E03 | 6.29E03 | 3.46E01 | 5.88E£02| 2.99E01
SH3 domairbinding
glutamic acidrich-like
AOA0611013 protein 2.91E01|1.01E01| <LOD |0.00E+0(] 2.53E03|4.61E02|4.00E02|7.21E03|4.32E02| 3.74E02| 6.62E03 | 4.59E02| 3.98E02| 7.16E03| <LOD [0.00E+0( 2.58E03| <LOD |0.00E+0q 2.53E03
G3IAQO0 Alpha-enolase 2.86E01| 3.27E02| 4.90E-02| 4.03E02| 3.10E04 | 3.39E02| 3.87E02| 2.06E04 | 1.17E01 | 6.13E02 | 5.37E03 | 6.64E02 | 2.72E02 | 1.74E04 | 1.90E01 | 7.63E02| 7.58E02| 4.14E02| 1.26E02 | 4.02E05
G3IN86 Dipeptidylpeptidase | 2.84E01[0.00E+0] <LOD |0.00E+0Q 2.78E02]| 3.21E02 | 2.09E05) 2.62E-02 | 1.22E02| 1.63E07 | 2.10E02| 2.10E02| 2.26E06 | 9.55E02| 1.20E02 | 7.20E07 | 2.09E02 | 1.63E03 | 3.93E07
Sulfated glycoprotei
G3I1Y9 1 2.80E01|4.21E02| 1.36E02| 2.35E02| 1.24E04 | 7.23E02| 6.61E02 | 3.69E03 | 4.03E01 | 1.33E01 | 1.46E01 | 8.48E02 | 7.35E02 | 6.66E03 | 3.37E01 | 8.70E02| 3.00E01 | 2.39E01 | 8.85E02 | 6.65E01
Amyloid beta A4
G3HMG4 protein 2.78E01|3.11E02| <LOD |0.00E+0( 1.17E05| 1.58E02| 1.37E02| 2.42E05( 1.50E02| 1.30E02| 2.28E05| 3.19E02| 1.43E02 | 3.41E05| 7.03E02 | 2.26E02| 1.37E04 | 1.54E02| 1.34E02| 2.36E05
G3HG95 Lamin-A/C 2.76E01| 2.39E02| 6.09E03| 1.05E02| 5.73E06| <LOD |0.00E+0( 3.30E06 | 2.29E02|9.78E03 | 7.42E06 | 5.95E03 | 1.03E02 [ 5.61E06 | 6.13E03| 1.06E02| 5.76E06| <LOD |0.00E+0( 3.30E06
G3HLTO Antileukoproteinase | 2.74E01| 1.37E01[1.01E+0q 1.46E01 | 8.33E04 | 8.03E01 | 1.94E01| 7.67E03| 6.26E01| 1.05E01 | 1.08E02 | 9.10E01 | 1.35E01| 1.39E03| 8.18E01 | 1.75E01 [ 5.14E03 | 9.05E01 | 1.89E01 | 7.80E03
14-3-3 protein
AOA06112D3  [gammalike protein | 2.70E01]|0.00E+0Q <LOD [0.00E+0( <LOD [0.00E+0 <LOD [0.00E+0( <LOD [0.00E+0d <LOD [0.00E+0( <LOD [0.00E+0d
G3HYJ9 Moesin 2.61E01| 2.90E02| <LOD [0.00E+0( 1.14E05|1.14E02| 1.98E02 | 3.64E05| 9.58E02| 3.24E02| 7.30E04| <LOD |0.00E+0q 1.14E05| 1.34E01| 6.76E02| 2.07E02| <LOD |0.00E+0( 1.14E05
Elongation factor 4
Q540F6 alpha 2.59E01| 2.00E02| <LOD [0.00E+0( 1.85E06| <LOD |0.00E+0( 1.85E06| <LOD |0.00E+0q 1.85E06| <LOD |0.00E+0q 1.85E06|1.54E01|2.96E02|2.26E03| <LOD |0.00E+0( 1.85E06
G3HK90 14-3-3 protein eta 2.58E01|0.00E+0] <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0d
60S acidic ribosomj
G3I3H2 protein P2 2.56E01| 1.48E01| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0q 2.02E02|9.39E02| 2.81E03 8.69E02 | 3.37E02 | 5.83E02 | 4.22E02| <LOD |0.00E+0(Q 2.02E02| <LOD |0.00E+0Q 2.02E02
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Tropomyosin alphd
AOA061IPG4 chainlike protein 2.55E01|3.15E02| <LOD |0.00E+0( 1.93E05| <LOD |0.00E+®|1.93E05| <LOD |0.00E+0(J 1.93E05| <LOD |0.00E+0( 1.93E05| <LOD |0.00E+0(d 1.93E05| <LOD |0.00E+0( 1.93E05
Actin, alpha cardial
G3H5Q0 muscle 1 2.54E01| 2.20E01| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0Q 7.56E02
Protein disulfide
Q8R4U2 isomerase 2.51E01| 2.03£02| <LOD |0.00E+0( 2.32E06| <LOD |0.00E+0( 2.32E06| <LOD |0.00E+0( 2.32E06| <LOD |0.00E+0( 2.32E06| <LOD |0.00E+0( 2.32E06| <LOD |0.00E+0( 2.32E06
G3HQY6 Lipase 241E01|2.19E02| <LOD |0.00E+0( 4.23E06| <LOD |0.00E+0( 4.23E06| <LOD [0.00E+0( 4.23E06| <LOD [0.00E+0(d 4.23E06|2.53E02|5.13E04|7.32E06| <LOD |0.00E+0Q 4.23E06
G3H705 Cystatin 2.40E01|5.20E02| 3.51E01| 4.54E02| 2.70E02| 2.46E01| 5.55E02| 8.80E01| 2.31E01 | 5.61E02| 8.20E01| 2.10E01| 1.01E01| 6.24E01| 4.17E01| 1.07E01 | 3.54E02| 4.55E01 | 1.01E01 | 1.80E02
G3HBI1 Peroxidasidike 2.28E01| 2.79E02| 2.65E02| 1.63E02| 6.96E05| 1.42E02| 7.13E03 | 2.97E05 | 2.66E02 | 7.95E04 | 3.41E05| 2.59E02 | 1.79E02 | 7.75E05 | 8.62E-02| 1.82E02| 4.31E04 | 3.51E02| 1.07E02 | 1.03E04
Nucleobindin2-like
AOA061IHO4 protein 2.27E01|1.89E02| <LOD |0.00E+0(] 2.75E06| <LOD [0.00E+0( 2.75E06|1.43E02|2.48E02|4.44E05| <LOD |0.00E+0(¢ 2.75E06|1.47E02| 1.27E02)| 9.64E06| <LOD |0.00E+0q 2.75E06
Peptidytprolyl  cis-
G3HIQ1 trans isomerase 2.23E01|5.59E02| 3.28E01) 1.16E01| 1.77E01| 3.29E01 | 6.82E03| 1.52E02 | 3.48E01| 3.87E02| 1.64E02| 3.49E01 | 4.26E02| 1.80E02| 2.39E01| 2.10E01 | 8.95E01 | 2.58E01 | 1.02E01 | 7.65E01
Phosphatidylethanolg
G3GU60 minebinding protein ] 2.23E01| 7.31E02| 1.30E01 | 2.62E02| 6.76E02 | 3.72E02| 3.22E02 | 6.34E03 | 8.81E02 | 3.20E02| 2.19E02| 1.12E01 | 5.64E02| 6.68E02 | 1.48E01| 3.42E02| 1.29E01| 1.09E01 | 9.43E02| 1.27E01
G3I1V3 Fibronectin 2.22E01|1.06E02| 6.27E02| 1.11E02| 5.57E06 | 5.32E02| 1.78E02 | 1.84E05 | 5.62E02 | 1.37E02 | 8.31E06 | 6.88E02 | 1.99E02 | 4.48E05| 9.44E02| 1.81E02| 7.77E05| 5.63E02 | 2.49E02 | 1.20E04
Ubiquitin-conjugating
enzyme E2 \
G3HS88 (Fragment) 2.15E01|5.38E02| <LOD |0.00E+0( 5.73E04| <LOD |0.0CE+00|5.73E04|4.07E02|7.04E02|1.25E02| <LOD [0.00E+0(d 5.73E04 | 4.09E02) 3.55E02 | 3.37E03| 4.07E02 | 3.53E02 | 4.60E03
G3HWE4 Nidogenl 2.11E01| 1.93E02| 3.93E02| 7.05E03 [ 1.66E05| 3.48E02 | 8.85E03| 1.71E05| 1.39E02| 4.16E04 | 6.18E06 | 3.94E02| 8.16E03 | 1.83E05| 7.31E02 | 1.55E02| 1.20E04 | 4.90E02| 1.49E02 | 1.08E04
Heat shockelated
AOA06115U1 _ [protein 2 2.11E01| 2.99E02| 3.91E02) 3.43E02) 7.55E04| <LOD |0.00E+0q 3.79E05|1.57E02| 2.72E02| 2.36E04 | 1.14E02| 1.97E02| 1.19E04| <LOD |0.00E+0( 3.79E05]|4.35E02| 3.78E02| 2.11E03
G3GUUS Transketolase 2.07E01| 2.56E02| 1.33E01 | 5.82E02 | 7.54E02| 9.29E02 | 2.76E02| 2.04E03| 1.08E01 | 2.62E02 | 3.46E03| 1.27E01| 7.01E£02| 9.17E02| 1.88E01 | 2.08E02| 3.14E01 | 1.07E01| 7.66E02 | 5.31E02
Peroxiredoxir6-like
AOA061HYZ1 |[protein 2.06E01|5.90E02| 1.66E01) 2.83E02| 2.92E01| 9.07E02 | 4.55E02 | 3.03E02 | 1.42E01 | 2.89E02| 1.18E01 | 1.36E01 [ 4.55E02| 1.27E01 | 1.64E01| 2.84E02| 2.66E01| 1.95E01 | 4.31E02 | 8.49E01
G3I6T1 Phospholipase ike | 2.04E01|8.81E03| 1.16E02| 1.01E02| 1.13E06| <LOD [0.00E+0q 1.06E07|1.71E02|1.73E02 | 8.32E06 | 6.04E03| 1.05E02| 1.10E06 | 1.94E01| 2.01E02 | 4.32E01| 1.15E02| 1.00E02| 2.17E06
G3HQM6 Endoplasmin 2.02E01| 4.50E02| 8.03E03) 1.39E02) 5.03E04 | 4.14E03 | 7.16E03 | 3.92E04 | 1.19E02 | 3.55E04 | 4.46E04 | 1.67E02 | 1.45E02 | 6.35E04 | 1.25E02| 1.25E02| 5.40E04 | 2.45E02| 2.13E02| 1.22E03
Deoxyribonucleas@-
G3HCX3 alpha 1.98E01| 2.48E02| 1.15E01| 2.31E02[5.17E03| 8.74E02 | 1.81E03 | 3.44E04 | 1.63E01| 2.88E02| 1.37E01 | 1.34E01| 9.90E02 | 2.79E01 | 2.00E01 | 5.58E02] 9.63E01 | 9.58E02| 2.92E02 | 9.03E03
Serine proteas
G3IBF4 HTRA1 1.97E01| 5.32E02 | 8.25E02 4.44E02) 2.37E02| 6.80E02 | 6.28E02 | 2.85E02 | 1.02E01 | 2.42E02 | 2.55E02 | 9.58E02 | 4.85E02 [ 4.11E02| 9.38E02| 2.33E02| 1.81E02| 4.11E02 | 3.21E03 | 3.546-03
Protein disulfide
Q91781 isomerase 1.94E01| 1.76E02| 6.55E03| 1.13E02[ 1.18E05| <LOD [0.00E+0( 4.23E06 | 5.14E02| 9.92E03| 3.80E05| 6.71E03| 1.16E02 | 1.23E05| 5.46E02 | 3.20E02| 7.19E04 | 1.33E02| 1.16E02| 2.11E05
Protein disulfide
G3HOU6 isomerase 8 1.93E01| 3.06E02| <LOD [0.00E+0(] 6.40E05| <LOD |0.00E+0( 6.40E05| <LOD |0.00E+0q 6.40E05| <LOD |0.00E+0Q 6.40E05| <LOD |0.00E+0( 6.40E05| <LOD |0.00E+0( 6.40E05
Galectin3-binding
G3H3E4 protein 1.93E01| 3.62E02| 6.04E02) 2.48E02| 2.04E03| 7.39E02 | 1.94E02 | 2.45E03 | 4.05E02 | 2.06E02 | 8.54E04 | 5.53E02 | 1.93E02 | 1.27E03| 1.57E01 | 4.86E02| 3.02E01| 1.35E01 | 1.50E02 | 8.29E02
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean | SAF St | Mean | SAF St 4HP Mean | SAF St 6HP Mean | SAF St | 4MP Mean | SAF St 6MP Mean | SAF St [Capto Q[ Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Hea shock proteil
HSP 90Galphg
AOA0611107 (Fragment) 1.93E01| 1.92E02| 1.43E02| 1.40E02| 2.78E05| <LOD |0.00E+0( 6.65E06| 1.87E02| 1.62E02| 4.10E05| 9.93E03 | 8.60E03| 1.35E05| 1.45E02| 2.51E02| 1.12E04| <LOD |0.00E+0( 6.65E06
Chondroitin  sulfatg
G3HOE4 proteoglycan 4 1.85E01| 8.26E03| 1.64E03| 2.83E03| 1.69E07| 1.58E03| 2.74E03| 1.66E07 | 2.95E03 | 2.55E03| 1.66E07| <LOD |0.00E+0( 1.22E07|7.70E03| 7.02E03| 5.85E07| <LOD |0.00E+0( 1.22E07
Rho GDRdissociatior|
G3GXB0 inhibitor 1 1.85E01| 8.90E02| 3.35E02| 2.91E02| 257E02| <LOD |0.00E+0( 1.00E02|7.87E02| 2.86E02| 7.84E02| 1.68E02| 2.92E02| 1.76E02| <LOD |0.00E+0( 1.00E02| 3.23E02| 2.81E02| 2.69E02
Putative out at firg
protein like proteil
AOA06112S4 (Fragment) 1.84E01| 2.46E02| <LOD |0.00E+0(] 2.78E05| <LOD [0.00E+0( 2.78E05| 1.61E02|2.79E02|3.19E04| <LOD |0.00E+0( 2.78E05] 3.31E02| 2.86E02|5.66E04| <LOD |0.00E+0(q 2.78E05
Nuclear migratiol
protein nudGlike
AOAO61IEW1 |protein 1.83E01| 2.61E02| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05
Adipocyte enhance|
AOA061IMC4 |binding protein 1 1.83E01| 2.39E02| 2.72E02| 7.79E03| 7.19E05| 2.15E02| 5.47E03 | 5.34E05| 2.60E02| 1.53E02| 1.24E04 | 2.46E02| 1.44E02| 1.10E04 | 3.89E02| 1.29E02 | 1.53E04 | 9.22E03 | 7.20E04 | 3.30E05
Fatty acidbinding
G3I4E8 protein, adipocyte | 1.81E01| 3.93E£02| 3.17E01| 6.36E02| 1.73E02| 1.89E01 | 2.03E01 | 9.49E01 | 3.49E01 | 5.11E02| 3.93E03| 3.17E01| 1.35E01| 1.20E01 | 3.13E01| 2.07E01 | 2.80E01| 1.03E01 | 8.4E-02 | 1.70E01
Tropomyosin alph3
G3HCO01 chain 1.79E01| 5.88E02| <LOD [0.00E+0(] 2.00E03| <LOD |0.00E+0( 2.00E03| <LOD |0.00E+0q 2.00E03| <LOD |0.00E+0q 2.00E03| <LOD |0.00E+0( 2.00E03| <LOD |0.00E+0( 2.00E03
D-dopachrome
G3HY03 decarboxylase 1.78E01] 8.81E-02| 5.81E02| 5.04E02 | 7.07E02| 5.94E02 | 5.14E02| 7.40E02 | 3.08E01 | 5.52E02| 5.98E02| 5.91E02| 5.12E02 | 7.34E02| 3.00E02 | 5.19E02| 3.78E02| 5.77E02| 5.02E02 | 1.22E01
G3HHV4 Thrombospondifl 1.78E01| 9.62E03 | 4.54E02| 3.98E02| 1.52E03 | 2.64E02| 3.01E02 | 2.46E04 | 3.07E02| 1.12E02 | 6.82E06 | 8.47E02 | 3.07E02 | 2.50E03 | 1.08E01 | 4.30E02| 2.85E02| 5.04E02 | 4.38E02 | 2.35E03
G3IDN7 Protein FAM3C 1.75E01| 2.34E02| 2.84E01| 4.21E02| 7.17E03| 1.75E01 [ 1.00E01| 9.89E01 | 1.90E01 | 1.25E01 | 8.29E01 | 2.06E01 | 3.02E02| 1.87E01| 2.33E01 | 4.20E02| 6.83E02 | 2.66E01| 9.81E02 | 2.54E01
Glyceraldehyde-
phosphate
G311S5 dehydrogenase 1.73E01] 2.72E02| <LOD [0.00E+0(] 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0q 6.29E05| <LOD |0.00E+0q 6.29E05| 1.85E02| 3.21E02| 8.53E04| <LOD |0.00E+0( 6.29E05
G3IEB7 Out at first proteidike| 1.69E01| 1.49E01| <LOD |0.00E+0( 7.95E02| <LOD [0.00E+0( 7.95E02| <LOD [0.00E+0(d 7.95E02| <LOD |0.00E+0( 7.95E02|4.39E02|3.80E02|1.76E01| <LOD |0.00E+0( 7.95E02
Proteasome  activat]
G3HDE5 complex sibunit 1 1.63E01| 1.08E01| <LOD [0.00E+0(] 3.27E02| <LOD |0.00E+0( 3.27E02| <LOD |0.00E+0q 3.27E02| <LOD |0.00E+0q 3.27E02|1.60E02|2.77E02|5.08E02| <LOD |0.00E+0( 3.27E02
G3HCX8 Calreticulin 1.59E01|3.17E02| <LOD [0.00E+0( 1.96E04| <LOD |0.00E+0( 1.96E04| <LOD |0.00E+0qQ 1.96E04| <LOD |0.00E+0q 1.96E04|8.14E03|1.41E02|3.86E04| <LOD |0.00E+0( 1.96E04
Glyceraldehyde-
phosphate
P17244 dehydrogenase 1.59E01| 4.28E02| 9.86E02| 5.07E03 [ 4.27E02| 8.77E02| 1.80E02| 3.14E02| 1.02E01| 1.53E02| 6.13E02| 7.66E02| 1.97E02 | 1.97E02| 1.29E01 | 3.14E02| 3.29E01 | 1.74E01| 2.97E02 | 6.56E01
AOAQ98KXCO _[Pyruvate kinase 1.56E01| 1.88E02| 3.41E02| 1.77E02| 2.66E04 | 9.70E03 | 1.68E02 | 9.83E05 | 6.39E02 | 4.93E02 | 1.99E02 | 4.78E02 | 1.62E02 | 3.85E04 | 6.15E02| 9.36E03 | 3.34E04 | 2.79E02 | 2.42E02 | 3.93E04
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Proteasome  subul
AOA0611019 alpha type 1.55E01| 2.07E02| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05
N-acetylglucosamine
G3I8P7 6-sulfatase 1.55E01| 1.08£02| 4.37E02| 2.25E03 | 6.30E06 | 2.92E02| 3.38E02| 9.89E04 | 4.84E02| 3.30E02| 1.90E03| 3.63E02| 3.36E02| 1.26E03 | 2.88E02| 3.28E02 | 8.62E04 | 1.41E02| 1.22E02 | 1.38E05
G3I5L3 Annexin 1.55E01| 2.58E02| 7.06E02| 3.54E02) 1.38E02| 6.13E02| 5.31E02| 2.81E02 | 6.60E02 | 1.60E02 | 2.41E03| 6.11E02| 6.12E02 | 4.14E02 | 1.59E01 | 4.88E02| 8.79E01 | 6.94E02| 3.21E02| 1.01E02
Proteasome
endopeptidase
G3GWR8 complex (Fragment) | 1.54E01| 2.43602| <LOD |0.00E+0( 6.29E05| <LOD [0.00E+0( 6.29E05| <LOD [0.00E+0(d 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05
Heat shock protei
G3HC84 HSP 906beta 1.53E01| 2.42E02| 8.62E03| 1.49E02) 1.82E04| <LOD |0.00E+0Q 6.29E05| 1.52E02 | 2.64E02 | 6.74E04 | 1.65E02 | 1.43E02 | 2.25E04 | 4.06E02) 2.89E02| 2.14E03| 4.05£02| 1.23E02 | 1.20E03
Q8K3U7 Peroxiredoxin2 1.53E01| 2.65E02| <LOD |0.00E+0(] 9.99E05| <LOD [0.00E+0( 9.99E05 | 8.38E02| 7.57E02| 1.56E01| <LOD |0.00E+0(d 9.99E05]6.99E02 | 6.05E02|5.90E02| <LOD |0.00E+0q 9.99E05
G314W7 Cathepsin D 1.51E01| 3.46E02| 1.32E01) 4.92E02| 5.69E01 | 1.43E01 | 4.34E02| 7.82E01 | 1.74E01 | 2.33E02 | 3.33E01 | 1.50E01 | 1.45E02| 9.67E01 | 1.48E01) 1.76E02| 8.97E01| 1.32E01| 4.01£02| 5.01E01
Procollagen (5
endopeptidase
G3l1664 enhancer 1 1.51E01|5.82E02| 8.50E02) 4.38E03 | 8.04E02| 7.15E02| 5.43E02| 1.11E01 | 5.36E02 | 5.15E02 | 5.98E02 | 6.36E02 | 1.31E03 | 3.36E02 | 4.84E02| 4.33E02| 4.09E02 | 6.85E02 | 5.95E02 | 1.06E01
AOA061IL27 Periostin isoform 2 [ 1.51E01 | 1.34E01| 4.43E03| 7.68E03| 8.94E02| <LOD [0.00E+0q 8.21E02|3.53E02| 1.13E02| 1.59E01 | 4.24E03| 7.34E03 | 8.90E02 | 4.57E02| 5.86E02 | 2.24E01 | 8.14E03 | 7.08E03 | 9.58E02
Proteasome  subf
G3I9G7 alpha type 1.47E01|3.93E02| <LOD |0.00E+0(] 7.71E04| <LOD [0.00E+0(Q 7.71E04| <LOD |0.00E+0Q 7.71E04| <LOD |0.00E+0( 7.71E04| <LOD [0.00E+0( 7.71E04| <LOD |0.00E+0(q 7.71E04
G3H716 Sulfhydryl oxidase | 1.47E01| 4.11E02| 5.54E03 | 9.60E03 | 1.29E03 | 5.62E03 | 9.73E03 | 1.30E03 | 2.58E02| 1.72E02| 3.27E03| <LOD |0.00E+0( 9.59E04 | 7.15E02| 2.66E02| 3.05602| <LOD |0.00E+0( 9.59E04
Glutathione
G3I3Y6 transferase P 1.47E01| 2.31E02| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0Q 6.29E05 | 3.03E02|5.24E02| 1.10E02| <LOD [0.00E#0|6.29E05| 3.11E02| 2.69E02| 1.47E03| <LOD |0.00E+0Q 7.05E04
Vitamin K-depender
AOA06111Q2  [protein S 1.46E01| 2.53E02| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05|5.32E03|9.22E03|1.61E04| <LOD [0.00E+0(d 9.99E05|4.49E02| 9.06E03| 7.57E04| 1.11E02| 9.61E03 | 2.36E04
G3H584 SPARC 1.42E01| 3.55E02| <LOD |0.00E+0(] 5.73E04| <LOD [0.00E+0(Q 5.73E04| <LOD |0.00E+0Q 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD [0.00E+0(Q 5.73E04| <LOD |0.00E+0(q 5.73E04
EFRHAND 2
AOA0611QJ9 containing protein 1.41E01| 3.52E02| 5.50E02| 2.37E02 | 1.12E02| 4.14E02 | 8.59E04 | 2.79E03| 7.74E02| 2.31E03| 1.76E02| 2.73E02| 2.36E02 | 3.51E03| 6.74E02 | 2.25E02| 1.92E02 | 6.81E02| 2.08E02 | 7.54E02
AOAO61IKA1  [Lipoprotein lipase 1.41E01| 2.80E02| 2.08E02| 2.05E02| 1.13E03| <LOD |0.00E+0( 1.96E04 | 4.06E02|2.12E02 | 2.69E03 | 1.42E02 | 1.23E02 | 4.93E04 | 5.65E02| 2.45E02| 7.13E03| <LOD |0.00E+0Q 1.96E04
G3H1D5 Carboxypeptidase 1.37E01| 1.95E02| 8.05E03| 1.39E02 | 1.43E04 | 7.71E03| 1.34E02| 1.32E04 | 1.48E02| 2.56E02| 7.38E04 | 2.32E02| 4.02E02 | 4.38E03| 1.52E02| 1.31E02| 1.71E04| <LOD |0.00E+0(q 3.92E05
Connective tissul
G3IAP3 growth factor 1.31E01| 2.62E02| 2.78E01| 4.14E02| 2.17E03| 3.10E01 | 1.45E01 | 6.56E02 | 4.14E01| 4.31E02| 1.16E04 | 3.17E01| 3.23E02 | 3.42E04 | 6.26E01 | 3.71E02| 4.47E06 | 4.39E01 | 6.80E02 | 6.20E04
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF S 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Ubiquitin-conjugating|
enzyme E2 L3ike
AOA06114L2 protein 1.30E01]| 3.23E02| 6.68E02| 6.92E02| 1.68E01) 8.78E02 | 3.86E-02| 1.62E01| 2.26E01| 7.84E02| 7.96E02| 1.09E01 | 3.68E02| 4.30E01 | 2.15E01| 3.74E02| 2.12E02 | 4.23E02 | 3.67E02 | 2.82E02
G3ILK7 Calsyntenirl 1.30E01|1.08602| <LOD |0.00E+0( 2.75E06| <LOD |0.00E+0( 2.75E06| <LOD [0.00E+0( 2.75E06| <LOD [0.00E+0( 2.75E06| <LOD |0.00E+0(d 2.75E06| <LOD |0.00E+0Q 2.75E06
Aspartate
G3GZZ0 aminotransferase 1.30E01| 3.75E02| 1.70E02| 1.47E02| 2.88E03| 1.68E02| 1.46E02| 2.85E03 | 3.98E02| 1.45E02| 7.45E03| 1.68E02| 1.46E02| 2.84E03 | 4.20E02| 2.99E02| 1.64E02| <LOD |0.00E+0( 1.11E-03
Peptidytprolyl  cis-
G3HKBO trans isomerase 1.30E01| 3.21E02| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04|1.07E01|3.85E02|4.27E01| <LOD |0.00E+0( 5.46E04
Proteasome  subul
G3HNT9 beta typel 1.28-01]| 6.41E02| <LOD |0.00E+0( 1.17E02| <LOD |0.00E+0(Q 1.17E02| <LOD |0.00E+0(J 1.17E02| <LOD |0.00E+0( 1.17E02| <LOD |0.00E+0(d 1.17E02| <LOD |0.00E+0( 1.17E02
40S ribosomal protej
G3I5R2 S28 1.28E01|0.00E+0( 3.01E01) 1.55E02) 3.95E06 | 2.53E01| 9.11E02| 4.59E02 | 3.79E01 | 1.76E01 | 3.99E02 | 3.99E01 | 8.27E02 | 1.43E03| 9.86E02| 8.55E02| 5.32E01 | 2.48E01| 7.56E02 | 1.57E01
G3IBK2 Filamin-A 1.28E01| 5.80E03| <LOD |0.00E+0( 1.33E07| <LOD |0.00E+0(Q 1.33E07| <LOD |0.00E+0( 1.33E07| <LOD |0.00E+0( 1.33E07| <LOD |0.00E+0( 1.33E07| <LOD |0.00E+0( 1.33E07
AOA061IML2  [Annexin 1.28E01| 2.93E02| <LOD |0.00E+0( 3.81E04| <LOD |0.00E+0( 3.81E04| <LOD [0.00E+0( 3.81E04| <LOD [0.00E+0( 3.81E04| <LOD |0.00E+0( 3.81E04| <LOD |0.00E+0Q 3.81E04
G3IH84 Arylsulf; A 1.27E01]0.00E+0(J <LOD |0.00E+0(Q <LOD [0.00E+0(q <LOD |0.00E+0Q <LOD |0.00E+0(q <LOD |0.00E+0Q <LOD |0.00E+0(q
N(4)-(BetaN-
acetylglucosaminyt)
G3HGM6 L-asparaginase 1.25E01| 3.10E02| 2.62E01) 2.61E02) 1.28E03| 1.69E01 | 3.95E02 | 1.53E01 | 2.97E01 | 6.80E02 | 6.81E03 | 2.41E01 | 2.29E02| 2.11E03| 3.00E01 | 3.63E02| 8.75E04 | 8.37E02| 1.42E02| 1.06E01
G3I3G8 Transaldolase 1.24E01| 3.08E02| 1.26E01 | 3.37E02 | 9.62E01| 8.35E02| 1.71E02| 7.42E02| 1.08E01 | 4.76E02 | 6.05E01 | 1.67E01| 4.85E02| 2.16E01| 5.15E02 | 1.85E02| 1.10E02 | 3.14E-02| 2.45E03 | 4.09E03
Proteasome  subul
G3HSE4 alpha type 1.24E01) 1.96E02| <LOD [0.00E+0(] 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0q 6.29E05| <LOD |0.00E+0q 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05
Isocitrate
dehydrogenase
G3HU51 [NADP] 1.21E01| 1.24E02| 5.86E02| 1.45E02| 1.40E03| 5.88E£02| 1.50E02 | 1.55E03 | 1.02E01 | 1.33E02 | 9.30E02 | 8.39E02 | 3.03E02| 7.78E02| 1.16E01 | 3.09E02| 7.53E01 | 2.52E02| 1.97E03 | 3.59E04
Chitinase3-like
G3H3K7 protein 1 1.21E01| 2.88E02| 1.36E01| 3.25E02 | 5.25E01| 1.08E01 | 2.26E02| 5.23E01 | 1.01E01| 2.41E02| 3.58E01 | 1.07E01| 1.88E02| 4.89E01| 1.10E01 | 2.33E02| 6.22E01 | 8.18E02| 3.02E02| 1.25E01
AOA061HUL1 [Filamin-A 1.19E01 | 3.60E03 | 6.83E03 | 8.28E03 | 2.35E06 | 8.46E03| 1.76E04 | 2.59E08 | 1.31E02 | 5.9CE-03 | 8.27E07 [ 1.26E02 | 3.95E03 | 2.24E07 | 2.09E02| 1.13E02| 1.75E05| 2.72E03 | 2.36E03 | 4.89E08
Actin-related proteil
G3GX96 2/3 complex subunit { 1.18E01| 2.93E02| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0Q 5.46E04|2.01E02|3.48E02|859E031.91E02|3.31E02|7.37E03| <LOD |0.00E+0( 5.46E04
G3H8F4 Dystroglycan 1.17E01| 1.58E02| <LOD [0.00E+0( 2.95E05| <LOD |0.00E+0( 2.95E05| <LOD |0.00E+0q 2.95E05| <LOD |0.00E+0q 2.95E05|3.97E03| 6.88E03|5.33E05( <LOD |0.00E+0( 2.95E05
Synaptic vesicle|
membrane protei
G3HMO03 VAT -1-like 1.17E01| 2.03E02| <LOD [0.00E+0(] 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0q 9.99E05| <LOD |0.00E+0q 9.99E05| 1.38E02| 2.38E02| 1.39E03 | 2.65E02 | 2.31E02| 4.13E03
Myosin light]
G3HJIV4 polypeptide 6 1.16E01| 1.00E01| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
AOA061I5M2 Radixin 1.15E01|2.03E02| <LOD |0.00E+0(] 1.09E04| <LOD [0.00E+0( 1.09E04|6.82E02|9.97E03|1.02E02| <LOD |0.00E+0d 1.09E04|7.19E02| 3.63E02|1.01E01| <LOD |0.00E+0q 1.09E04
G3H1K9 Alpha-actinin-1 1.15E01|1.66E02| <LOD |0.00E+0( 4.12E05|1.12E02|1.13E02|1.72E04| <LOD [0.00E+0Q 4.12E05| 7.56E03| 6.54E03| 8.16E05| 5.15E02) 1.28E02| 2.06E03| 1.45E02| 1.26E02 | 2.23E04
G3H7B3 Galectin 1.13E01|1.78602| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05|7.05E02|6.11E02|2.51E01| <LOD |0.00E+0( 6.29E05
G3HDQ2 Malate dehydrogenaq 1.10E01 | 2.75E02 | 7.58E02 | 2.26E02 | 1.23E01 | 4.32E02| 1.90E02| 1.18E02) 1.01E01) 1.71E02| 6.00E01 | 6.43E02 | 3.24E02| 9.21E02 | 4.18E02 | 3.62E02 | 3.39E02 | 2.08E02 | 1.81E02 | 3.33E03
Metalloproteinase
G3H3E6 inhibitor 2 1.09E01| 2.69E02| 1.81E02| 3.14E02| 8.18E03| 3.64E02| 3.15E02| 1.98E02| 1.19E01| 5.96E02| 7.59E01| 5.44E02| 1.12E03| 1.14E02| 1.61E01| 5.27E02| 1.48E01| <LOD |0.00E+0( 5.46E04
Adenylate kinase
G3H928 mitochondrial 1.08E01| 3.75E02| 1.27E01| 4.50E02| 5.60E01| 1.03E01 | 8.92E02| 9.21E01| 4.82E02| 4.18E02| 9.31E02| 2.04E01| 1.61E01| 3.12E01| 2.00E01 | 4.64E02 | 3.05E02| 1.26E01 | 3.83E02 | 6.29E01
Phosphoserine
G3IKH9 aminotransferase 1.0801| 3.41E02| <LOD |0.00E+0( 1.65E03| <LOD |0.00E+0( 1.65E03| <LOD |0.00E+0(J 1.65E03| <LOD |0.00E+0( 1.65E03| <LOD |0.00E+0( 1.65E03| <LOD |0.00E+0( 1.65E03
G3HSL4 Elongation factor 2 | 1.07E01| 1.20E02 | 1.24E02 | 1.28E02 | 1.38E04| <LOD |0.00E+0(d 1.17E05|1.13£02| 1.11E02|9.22E05| <LOD |0.00E+0( 1.17E05|4.80E02 | 2.13E02 [ 5.49E03 1.57E02 | 1.36E02| 3.61E04
Extracellular  matri
G3H2W6 protein 1 1.05E01|3.29E02| <LOD |0.00E+0( 1.59E03| <LOD |0.00E+0q 1.59E03|1.17E02|1.02E02|3.28E03| <LOD [0.00E+0d 1.59E03|2.45E02) 1.11E02| 6.31E-03| <LOD |0.00E+0Q 1.59E03
G3HXN7 Betahexosaminidase| 1.05E01 | 1.92E02| <LOD |0.00E+0( 1.28E04| <LOD [0.00E+0Q 1.28E04| <LOD |0.00E+0(¢ 1.28E04| <LOD |0.00E+0Q 1.28E04|5.11E02| 1.03E02[4.79E03| <LOD |0.00E+0Q 1.28E04
Purine nucleosid
phosphoylaselike
AOAO61ILE8  [protein 1.05E01) 2.63E02| <LOD [0.00E+0(| 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0Q 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0(5.73E04| <LOD |0.00E+0( 5.73E04
T-complex protein
G3GT05 subunit theta 1.05E01| 2.60E02| <LOD |0.00E+0(] 5.46E-04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0Q 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0(q 5.46E04
Inter-alphatrypsin
inhibitor heavy chail
G3GR64 H5 1.05E01| 2.04E02| 2.73E02| 1.91E02 | 3.04E03 | 3.08E£02| 7.20E03 | 1.20E03 | 3.57E02| 1.16E02 | 2.36E03 | 2.28E02 | 1.10E02 [ 1.03E03| 6.78E02| 1.08E02| 2.73E02| 1.57E02| 7.91E03 | 5.34E04
Glutathione
G3IKC3 transferase Mu 6 1.04E01| 2.31E02| 8.06E02| 7.29E02| 5.79E01| 9.52E02| 1.98E03| 4.94E01| <LOD [0.00E+0q 3.29E04 | 1.31E01 | 2.90E02 | 2.20E-01 | 1.33E01 | 2.32E02| 1.44E01| 3.41E02| 5.91E02 | 8.60E02
Aldose reductasq
008782 related protein 2 1.01E01| 1.59E02| 1.02E02| 1.77E02| 7.19E04| <LOD |0.00E+0Q 6.29E05 | 5.03E02 | 3.46E02| 4.96E02| <LOD [0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD |0.0CE+00| 6.29E05
G3IEU2 Protein DJL 1.01E01|0.00E+0( 1.87E02]| 3.24E02 | 4.49E03| 1.92E02 | 3.33E02] 5.24E03| 3.69E02| 3.20E02| 1.21E02| 1.98E02| 3.43E02 | 6.06E03| 1.16E01 | 2.35E03 | 5.33E05| 7.60E02| 6.61E02 | 5.05E01
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Prothymosin  alph{
like protein|
AOAO061IEW5 |(Fragment) 1.00E01]0.00E+0(J <LOD |0.00E+0(Q <LOD [0.00E+0(q <LOD |0.00E+0d <LOD |0.00E+0(q <LOD |0.00E+0Q <LOD |0.00E+0(q
Betagalactosidase
G3H2P3 (Fragment) 9.96E02| 4.37E02| <LOD |0.00E+0( 6.91E03| <LOD |0.00E+0( 6.91E03| <LOD |0.00E+0( 6.91E03| <LOD |0.00E+0( 6.91E03| <LOD |0.00E+0( 6.91E03| <LOD |0.00E+0( 6.91E03
G3HAP7 Glutathione syntheta 9.58£02| 1.92E02| <LOD |0.00E+0( 2.00E04| <LOD [0.00E+0( 2.00E04| <LOD [0.00E+0Q 2.00E04| <LOD |0.00E+0(d 2.00E04| <LOD |0.00E+0( 2.00E04| <LOD |0.00E+0( 2.00E04
G3IF80 Nucleolin 9.54E02| 1.91E02| 2.28E02| 2.36E02| 5.69E03| 1.51E02| 2.61E02| 4.83E03| 2.82E02| 1.31E02| 2.46E03| 1.51E02| 1.30E-02| 1.10E03| 2.19E02| 2.20E02| 4.52E03| <LOD |0.00E+0( 2.00E04
CMP-N-
acetylneuraminate
betagalactosamide
alpha2, 3
G3INL9 sialyltransferase 9.43E02| 1.48E02| 4.08E02) 1.97E02) 8.54E03| 2.04E02| 1.77E02| 1.59E03 | 2.77E02| 2.75E02 | 9.13E03 | 1.99E02 | 1.73E02 | 1.46E03| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0Q 7.05E04
Proteasome  subul
G3HRD9 beta type 9.29E02|5.32E02| <LOD |0.00E+0( 1.97E02| <LOD |0.00E+0( 1.97E02| <LOD [0.00E+0( 1.97E02| <LOD |0.00E+0d 1.97E02| <LOD |0.00E+0(Q 1.97E02| <LOD |0.00E+0q 1.97E02
AOA061IKY1 Decorin 9.28E02|0.00E+0( 4.51E02| 5.84E03 | 1.85E05| 4.09E02| 1.36E02| 7.20E04 | 4.26E02| 8.68E03 | 9.93E05| 3.63E02| 2.87E02| 1.24E02| 3.57E02| 7.77E03 | 3.08E05| 1.37E02| 1.07E03 | 2.78E04
Carboxylic este
G3IIG1 hydrolase 9.13E02| 1.86E02| <LOD |0.00E+0( 2.18E04| <LOD |0.00E+0( 2.18E04| <LOD [0.00E+0( 2.18E04| <LOD [0.00E+0( 2.18E04| <LOD |0.00E+0(d 2.18E04| <LOD |0.00E+0Q 2.18E04
Stressinduced
G3I1877 phosphoprotein 1 9.05E02| 2.44E02| 2.47E02) 9.50E03 | 4.60E03 | 1.88E02| 3.90E04 | 2.33E03 | 1.79E02| 1.81E02 | 5.70E03 | 3.10E02 | 2.87E02 | 2.82E02| 1.86E02| 1.84E02| 6.07E03| 2.42E02| 2.10E02 | 1.56E02
Proteasome  subul
G3HoC2 alpha type 9.04E02| 1.96E02| <LOD [0.00E+0(] 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0q 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0( 2.91E04
Copper transpo
G3H585 protein ATOX1 9.01E02| 7.80E02| 5.02E02| 8.70E02 [ 5.38E01| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0Q 7.56E02|1.60E01|1.60E01|4.81E01|1.58E01 1.59E01|4.91E01| 1.02E01| 8.88E02| 8.69E01
B8Y440 Sialidase | 8.97E02|0.00E+0] <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
AOA061IKQ5  [Calumenin 8.79E02| 2.20E02| <LOD [0.00E+0(] 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0(5.73E04| <LOD |0.00E+0( 5.73E04
Follistatinrelated
G3HAI3 protein 1 8.68E02| 8.84E03| 7.26E02| 3.91E02| 5.22E01 | 4.23E02| 2.14E02| 1.38E02 | 5.60E02 | 3.85E02 | 1.91E01 | 1.07E01 | 1.61E02| 8.21E02| 7.67E02| 1.17E02| 2.40E01| 5.28E02| 2.91E02 | 1.94E01
G31616 Tubulin alpha chain | 8.65E02 | 3.05E02 | 1.48E02| 2.57E02| 1.77E02| <LOD [0.00E+0( 2.73E03| <LOD |0.00E+0(d 2.73E03| <LOD [0.00E+0q 2.73E03]|2.32E02| 2.30E02[2.38E02| <LOD |0.00E+0Q 4.43E03
Alpha-N-
G3HLX3 acetylglucosaminiase| 8.39E02 | 1.20E02| <LOD |0.00E+0(] 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0Q 3.92E05| <LOD |0.00E+0Q 3.92E05| <LOD |0.00E+0( 3.92E05| <LOD |0.00E+0( 3.92E05
G3HLK3 Granulins 8.35E02| 9.04E03| 6.45E03| 1.12E02| 1.43E04 | 1.24E02| 1.08E02 | 1.89E04 | 2.84E-02 | 1.89E02 | 3.82E03 | 6.16E03 | 1.07E02 | 1.23E04 | 8.45E02| 2.84E02| 9.48E01 | 4.74E02| 4.11E02| 1.38E01
Triosephosphate
G3I1216 isomerase 8.17E02]| 2.83E02| 5.55E02| 5.47E02| 4.48E01| 1.15E01 | 2.39E03| 7.03E02| 7.17E02| 3.07E02| 6.62E01 | 5.80E02| 5.79E02 | 5.09E01 | 1.13E01 | 5.49E02] 3.75E01 | 7.42E02 | 6.44E02 | 8.39E01

233



Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4MP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean | SAF St | Mean | SAF St 4HP Mean | SAF St 6HP Mean | SAF St | 4MP Mean | SAF St 6MP Mean | SAF St [Capto Q[ Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Endoplasmic
reticulum resider|
G3H284 protein 29 8.16E02| 5.34E02| <LOD |0.00E+0( 3.16E02| <LOD |0.00E+0( 3.16E02| <LOD |0.00E+0( 3.16E02| <LOD |0.00E+0( 3.16E02|1.37E02|2.38E02|7.45E02| <LOD |0.00E+0( 3.16E02
Dickkopf-related
G3HWE? protein 3 7.83E02|0.00E+00 <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD |0.00E+#0 <LOD [0.00E+0( <LOD [0.00E+0( 6.28E04
Alpha-N-
acetylgalactosaminid
G3I0F7 se 7.77E02| 1.22E02| <LOD |0.00E+0( 6.29E05| <LOD |0.00E+0( 6.29E05| <LOD [0.00E+0( 6.29E05| <LOD [0.00E+0( 6.29E05|1.66E02|2.88E02| 1.29E02| <LOD |0.00E+0Q 6.29E05
G3H4T5 Glypicanl 7.75E02] 6.71E03| 4.79E03 | 8.30E03 | 4.46E05| 9.23E03| 7.99E03 | 5.44E05| 5.14E02| 2.30E02| 8.93E02| 1.36E02| 1.38E02| 4.76E04 | 6.27E02| 8.80E03| 4.87E02| <LOD |0.00E+0( 3.32E06
G3GUV4 Stromelysin2 7.74E02| 5.37E03 | 3.83E03 6.63E03| 1.40E05| 7.37E03 | 6.39E03 | 1.60E05 | 1.70E02 | 6.00E03 | 2.78E05 | 3.66E03 | 6.34E03 | 1.22E05| 2.14E02| 4.35E04 | 5.57E06 | 7.03£03 | 6.11E03 | 2.65E05
F-actincapping
protein subunit bet
AOA0611146 like protein 7.51E02| 4.30E02| <LOD |0.00E+0( 1.97E02| <LOD |0.00E+0(Q 1.97E02| <LOD [0.00E+0( 1.97E02| <LOD [0.00E+0d 1.97E02|2.14E02|1.86E02|7.74E02| <LOD |0.00E+0Q 1.97E02
Laminin subunit betg
AOA061I16V4 1 7.51E02|5.01E03| <LOD |0.00E+0( 9.06E07| <LOD |0.00E+0( 9.06E07| <LOD |0.00E+0(J 9.06E07| <LOD |0.00E+0( 9.06E07| <LOD |0.00E+0Q 9.06E07| <LOD |0.00E+0( 9.06E07
Tissue alphd.-
G3HMV7 fucosidase 7.50E02| 1.88E02| <LOD |0.00E+0( 5.73E04| <LOD |0.00E+0( 5.73E04| <LOD [0.00E+0( 5.73E04| <LOD [0.00E+0(d5.73E04|7.22E03|1.25E02|2.10E03| <LOD |0.00E+0Q 5.73E04
G3HH30 Aldose redutase 7.45E02] 8.53E02| 7.59E02| 1.53E02| 9.76E01| 6.57E02| 1.36E03 | 8.50E01 | 6.22E02| 5.39E02| 8.23E01| 8.70E02| 1.80E02| 7.92E01 | 7.63E02| 8.28E02| 9.78E01 | 5.40E02 | 1.65E02 | 6.94E01
Fructosebisphosphatf
AOA061IB69 aldolase 7.36E02] 3.37E02| 1.73E02| 1.50E02 | 3.18E02| 2.57E02 | 2.54E02| 7.94E02| 4.11E02| 3.81E02| 2.71E01 | 5.19E02 | 4.54E02 | 4.92E01 | 8.56E02 | 5.44E02| 7.31E01 | 1.67E02| 1.45E02 | 3.45E02
G3H6Y6 NSFL1 cofactor p47 | 7.32E02 | 2.44E02 | 6.59E02 | 4.04E02| 7.77E01 | 4.80E02| 1.73E02| 1.65E01 | 6.23E02| 1.39E02| 4.87E01 | 3.85E02 | 3.34E02| 1.65E01 | 1.32E01 | 1.85E02 [ 1.41E02 | 3.69E02 | 3.21E02| 1.93E01
Ceroidlipofuscinosis
G3HI29 neuronal protein 5 | 7.29E02| 1.80E02| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04 |1.18E02|2.05E02| 7.45E03| <LOD |0.00E+0( 5.46E04|1.23E02|2.12E02|8.37E03| <LOD |0.00E+0(Q 5.46E04
Protein disulfide
AOAO61HWS?2 |isomerase 7.25E02| 7.39E03| <LOD [0.00E+0(| 7.43E06| <LOD |0.00E+0( 7.43E06| <LOD |0.00E+0q 7.43E06| <LOD |0.00E+0q 7.43E06| <LOD |0.00E+0( 7.43E06| <LOD |0.00E+0( 7.43E06
G3HWC3 Ezrin 7.22E02| 6.61E02| <LOD [0.00E+0( 8.83E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0Q 8.83E02| <LOD |0.00E+0q 8.83E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0( 8.83E02
Thioredoxin domain|
G3HD97 containing protein 5 | 7.20E02| 2.49E02| <LOD |0.00E+0(] 2.53E03| <LOD [0.00E+0q 2.53E03| <LOD [0.00E+0d 2.53E03| <LOD |0.00E+0(d 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0(q 2.53E03
Sialate e]
G3IIB1 acetylesterase 7.06E02 | 3.39E02 | 8.96E02| 3.19E02 [ 4.65E01] 9.61E02| 2.10E02| 2.71E01 | 7.15E02| 3.06E02| 9.71E01 | 1.08E01 | 9.95E03 | 9.59E02 | 8.14E02| 1.10E02| 5.81E01 | 6.30E02| 1.92E02 | 7.25E01
Glyoxalase domat|
G3HTG9 containing protein 4 | 7.03£02| 4.60E02| <LOD |0.00E+0( 3.16E02| <LOD [0.00E+0( 3.16E02| <LOD [0.00E+0(d 3.16E02| <LOD |0.00E+0(d 3.16E02| <LOD |0.00E+0Q 3.16E02| <LOD |0.00E+0( 3.16E02
AOA06118U9  |Betahexosaminidase| 6.92E02| 2.44E02| <LOD [0.00E+0( 2.73E03| <LOD [0.00E+0( 2.73E03| <LOD [0.00E+0( 2.73E03| <LOD |0.00E+0( 2.73E03| <LOD |0.00E+0q 2.73E03| <LOD |0.00E+0(q 2.73E03
Heterogeneous
nuclear
ribonucleoproteins
G3H2J38 A2/B1 6.90E02|0.00E+0( 2.84E02| 4.92E02 1.71E01| 2.74E02| 2.37E02| 1.92E02 | 6.32E02| 2.23E02| 6.39E01 | 2.72E02| 2.36E02 | 1.87E02| 3.98E02 | 8.07E04| 1.13E08| <LOD |0.00E+0(
G3GWD3 Alpha-mannosidase | 6.89E02| 1.37E02| <LOD |0.00E+00| 1.96E04| <LOD |0.00E+0( 1.96E04|1.00E02|1.02E02|1.14E03| <LOD [0.00E+0q 1.96E04|2.74E02| 2.61E02| 4.15E02 ] 6.80E03| 5.91E03 | 5.80E04
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Tyrosine-tRNA
G3H935 ligase 6.76E02]|0.00E+0]J <LOD |0.00E+0Q <LOD [0.00E+0(q <LOD |0.00E+0d <LOD |0.00E+0(q 6.50E03| 1.13E02| 1.35E04| <LOD |0.00E+0(Q
Peptidytglycine
alphaamidating
G3HQD5 monooxygenase B | 6.69E02| 2.20E02| <LOD |0.00E+0( 2.00E03| <LOD [0.00E+0( 2.00E03|3.77E03|6.52E03|3.11E03| <LOD |0.00E+0( 2.00E03|4.07E02|7.83E03|8.18E02| <LOD |0.00E+0( 2.00E03
Integral membran|
G3HR88 protein 2B 6.60E02|0.00E+00 <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( 1.30E02| 2.24E02| 5.94E03| <LOD |0.00E+0(
Guanine  nucleotidg
binding protei|
G3HKO00 subunit bete2-like 1 | 6.58£02|0.00E+0(J <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
60S acidic ribosomi
G3HKG9 protein PO 6.54E02|0.00E+00J <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
Thioredoxin reductag
G3HQL6 1, cytoplasmic 6.47E02| 4.28E02| <LOD |0.00E+0( 3.27E02| <LOD |0.00E+0( 3.27E02| <LOD [0.00E+0Q 3.27E02| <LOD [0.00E+0Q 3.27E02| <LOD |0.00E+0( 3.27E02| <LOD |0.00E+0(q 3.27E02
Glucose6-phosphate
P50309 isomerase 6.35E02|0.00E+00J <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( 4.90E02| 1.13E02| 5.58E02| <LOD [0.00E+0(
AOA06112K0  [Betaglucuronidas | 6.19E02| 1.53E02| <LOD |[0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0Q 5.46E04| <LOD |0.00E+0(Q 5.46E04
G3H559 Alphamannosidase |6.12E02|1.22E02| <LOD |0.00E+0d 1.96E04| <LOD |0.00E+0Q 1.96E04 | 5.86E-03| 5.08E£03|4.62E04| <LOD [0.00E+0d 1.96E04|3.39E02| 1.13E02| 2.47E02| <LOD |0.00E+0Q 1.96E04
Insulinrlike  growth
factorbinding proteir|
G3I5N6 4 6.02E02| 5.51E02| 2.54E01| 1.31E02| 1.18E03| 2.13E01 [ 4.66E02) 9.37E03| 2.13E01| 1.18E01| 7.18E02| 2.95E01 | 1.10E01 | 1.42E02| 1.95E01 | 2.73E02| 8.23E03| 3.52E01 | 3.31E02| 3.15E04
G3GTX5 Amyloid-like protein 4 5.96E02 | 2.66E02| <LOD |0.00E+0( 7.42E03| <LOD |0.00E+0( 7.42E03| <LOD |0.00E+0Q 7.42E03| <LOD [0.00E+0( 7.42E03|4.91E03|8.51E03|1.27E02| <LOD |0.00E+0|7.42E03
G3HC47 Glucosylceramidase | 5.81E02| 1.01E02| <LOD |0.00E+0(] 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0Q 9.99E05| <LOD |0.00E+0q 9.99E05|2.01E02|4.08E04|7.53E04| <LOD |0.00E+0( 9.99E05
Vesicular integral
membrane protei
G3H177 VIP36 5.80E-02| 1.44E02| <LOD |0.00E+0(] 5.46E04| <LOD [0.00E+0( 5.46E04|1.85E02|1.60E02|1.61E02| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0(q 5.46E04
Peptidylprolyl
G3GUI3 isomerase 5.72E02| 1.24E02| <LOD [0.00E+0(| 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0qQ 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |[0.00E+0( 2.91E04
Proteasome  subul
G3H303 beta 5.71E02| 1.98E02| <LOD [0.00E+0(| 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0q 2.53E03| <LOD |0.00E+0q 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03
Rasrelated  proteil
G3HLW5 Rab5C 5.67E02| 2.46E02| 4.99E02| 2.57E03| 6.16E01 | 3.33E02| 2.88E02 | 2.84E01 | 3.22E02 | 5.57E02 | 4.70E01 | 3.24E02 | 5.62E02 | 4.77E01 | 1.67E02| 2.89E02| 9.65E02 | 6.44E02 | 5.59E02 | 8.49E01
G3l4D4 Riboruclease T2 5.65E02| 1.96E02| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0q 2.53E03]|2.44E02|2.12E02|8.38E02| <LOD [0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0q 2.53E03

235



Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
G-protein couplef
G3I3K5 receptor 56 5.61E02| 1.9802| 1.01E01) 1.30E02| 1.47E02) 6.60E02| 9.85E03 | 4.22E01| 7.55E02| 1.46E02| 1.86E01| 1.01E01 | 8.20E03| 9.74E03 | 8.49E02| 2.44E02| 1.35E01 | 3.48E02| 1.61E02| 2.17E01
Pentraxinrelated
G3H217 protein PTX3 5.53E02| 1.37E02| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04
Laminin subuni
G3HGW6 alpha5 5.51E02| 1.22E02| 1.22E02 | 1.40E02) 6.56E03 | 7.64E03| 7.15E03 | 1.28E03 | 1.63E02 | 3.20E03 | 1.89E03 | 7.72E03 | 1.80E03 | 6.84E04 | 4.18E02| 1.46E02| 2.34E01 | 5.60E03 | 4.86E03 | 8.53E04
AOAO061ILY9 Tenascin 5.47E02| 8.07E03| 9.09E03| 1.57E02| 4.12E03| 1.38E03 | 2.39E03| 6.34E05| 2.59E03| 2.25E03 | 6.93E05| 2.71E03| 2.35E03| 7.13E05| 2.28E02| 4.67E03| 1.18E03| 1.59E02 | 1.38E02 | 7.62E03
EGFcontaining
fibulin-like
extracellular  matri]
055058 protein 2 5.40E02|1.17E02| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD [0.00E+0Q 2.91E04 |7.71E03|1.34E02|3.94E03|7.79E03| 1.35E02| 4.06E03| <LOD |0.00E+0Q 2.91E04
G31151 Transcobalami® 5.36E02| 1.33E02| 1.62E01| 4.82E02| 8.51E03| 1.44E01| 6.85E02| 5.37E02| 1.68E01| 1.63E02| 1.30E04 | 1.44E01| 4.35E02| 1.21E02| 3.54E01| 6.16E02 | 2.53E04 | 2.59E01 | 5.00E02 | 5.91E04
AOA061ICY3  [Pantetheinase 5.29E02| 1.76E02| <LOD |0.00E+0( 2.13E03| <LOD |0.00E+0q 2.13E03|1.30E02|1.12E02|1.40E02| <LOD [0.00E+0q 2.13E03| <LOD |0.00E+0(d 2.13E03| <LOD |0.00E+0q 2.13E03
G3HYG4 Kininogen1 5.19E02| 8.99E03| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0(Q 9.99E05| <LOD |0.00E+0(J 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0(d 9.99E05| <LOD |0.00E+0( 9.99E05
KDEL motif-
A0A0611344 containing protein 2 | 5.17E02|0.00E+0( 2.66E02 | 1.03E02 | 5.16E03| 2.06E02| 2.06E02| 3.27E02 | 3.80E02 | 1.90E02 | 2.22E01 | 2.04E02| 2.04E02 | 3.09E02 | 5.30E02 | 1.15E02| 8.33E01 | 1.30E02| 1.13E02 1.19E03
40S ribosomal protef
AOA061INH5 S3like protein 5.15E02|0.00E+0( 1.06E02| 1.84E02| 7.64E03| <LOD [0.00E+0Q <LOD |0.00E+0(q 9.82E03| 1.70E02 | 5.10E03 | 1.98E02| 3.43E02 | 1.34E01| 1.95E02 | 1.69E02 | 3.18E02
G3HK87 Spondin2 4.92E02[1.70E02| <LOD [0.00E+0( 2.53E03|1.18E02| 2.04E02| 4.14E02 | 3.24E02| 9.69E04 | 1.16E01| 1.16E02| 2.01E02| 3.99E02| <LOD [0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03
G3IHH6 Fumarylacetoacetasg 4.90E02 [0.00E+0( 1.92E02| 1.67E02| 1.81E02 | 9.68E03| 1.68E02| 6.13E03| 1.77E02| 1.53E02 | 1.06E02| <LOD |0.00E+0d 3.81E02] 3.30E02 | 5.49E01| 4.74E02 | 1.45E02 | 8.84E01
Proteasome  activat]
G3HDE3 complex subunit 2 [ 4.90E02| 2.12E-02| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0Q 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03
N-acetylglucosamine|
1-phosphotransferast
G3HBX0 subunit gamma 4.87E02| 3.38E02| <LOD |0.00E+0(] 3.82E02| <LOD |0.00E+0( 3.82E02| <LOD [0.00E+0( 3.82E02| <LOD |0.00E+0q 8.82E02| <LOD |0.00E+0(¢ 3.82E02| <LOD [0.00E+0Q 3.82E02
Lysosomal PreX
G3HUI4 carboxypeptidase 4.81E02| 2.76E02| <LOD |0.00E+0(] 1.97E02| <LOD |0.00E+0q 1.97E02| <LOD [0.00E+0(d 1.97E02| <LOD |0.00E+0q 1.97E-02|6.80E03| 1.18E02|4.44E02| <LOD [0.00E+0Q 1.97E02
Ganglioside GM?
G3H577 activator 4.81E02[0.00E+0J <LOD |0.00E+0( 1.92E02| 3.32E02] 1.53E01| 1.94E01 | 3.48E02| 4.55E04 | 5.62E02 | 5.68E02| 7.93E01| <LOD |0.00E+0( <LOD [0.00E+0(

236



Table E.1(coninued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto

Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere

Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Nascent polypeptidg
associated  complg
subunit alpha, muscl

G3HRM8 specific form 4.79E02[ 1.66E02| <LOD [0.00E+0(] 2.53E03| <LOD [0.00E+0(¢ 2.53E03| <LOD [0.00E+0(¢ 2.53E03| <LOD [0.00E+0(¢ 2.58E03| <LOD [0.00E+0(q 2.53E03| <LOD [0.00E+0( 2.53E03
Sphingomyelin

AOAO061IEQS5 phosphodiesterase [4.77E02| 8.26E03| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD [0.00E+0d 9.99E05| <LOD |0.00E+0q 9.99E05|5.39E03|9.34E-03[1.22E03| <LOD [0.00E+0Q 9.99E05
Calciumdependent

G3GURO serine proteinase 4.74E02| 7.46E03 | 4.80E03| 8.32E03| 7.19E04| <LOD |0.00E+0( 6.29E05| 4.89E03 | 8.46E03| 7.58E04| <LOD |0.00E+0(Q 6.29E05| 1.50E02| 1.49E02 | 1.32E02| 9.77E03 [ 8.49E03| 1.34E03

G3GXS2 EMILIN -1 4.66E02| 1.87E02 | 3.47E03 | 6.01E03| 7.97E03| <LOD |0.00E+0(Q 4.71E03] 3.53E03|6.11E03|8.07E03| <LOD |0.00E+0( 4.71E03| 3.66E03 | 6.34E03 | 8.30E03 | 3.93E03| 6.81E03 | 8.79E03
Intercellular adhesio|

Q9ERF7 molecule 1 4.63E02 | 2.00E02 | 2.01E-02 | 1.94E02 | 1.28E01 | 2.75E02 | 3.14E02 3.73E01 | 3.85E02| 2.03E02| 6.20E01 | 2.72E02| 1.20E02| 1.74E01| <LOD [0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03
Rab GDP dissociatig

G3GR73 inhibitor 4.62E02[1.14E02| <LOD [0.00E+0(] 5.46E04| <LOD |0.00E+0(Q 5.46E04| <LOD |0.00E+0(d 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04
Ribosomebinding

G3GVX1 protein 1 4.62E02| 4.62E03| 1.72E03| 2.97E03| 1.92E05| <LOD |0.00E+0(d 6.77E06|5.04E03 | 4.94E03| 7.76E05| <LOD |0.00E+0(Q 6.77E06|5.29E03| 5.33E03 | 9.79E05| 8.93E03 [ 2.72E03 | 3.25E04
Matrix

G3HRK9 metalloproteinasd9 | 4.53602| 2.59E02| <LOD |0.00E+0( 1.97E02| <LOD [0.00E+0( 1.97E02| <LOD [0.00E+0q 1.97E02| <LOD |0.00E+0d 1.97E02| <LOD |0.00E+0( 1.97E02| <LOD |0.00E+0q 1.97E02
Inactive £rine|

G3GYZ4 protease PAMR1 4.42E02 | 7.66E03 | 5.46E03| 9.46E03| 1.64E03| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05|5.22E03|9.05E03| 1.41E03|4.65E02 4.68E£02| 9.28E01| <LOD |0.00E+0d 9.99E05
Polypeptide N
acetylgalactosaminylf

G3GX17 ansferase 4.38E02| 2.51E02 | 4.41E02 [ 4.59E02 | 9.93E01 | 1.30E02 | 2.25E02| 1.36E01| 3.57E02| 1.70E02 | 6.29E01 | 3.22E02 | 2.26E02 | 5.34E01 | 3.78E02 | 1.88E02 | 7.25E01 [ 1.93E02 | 1.51E03| 1.59E01
Laminin subuni

G3HG25 gammal 4.26E02| 3.36E03| 2.48E02 | 6.64E03| 5.60E03 | 4.45E03| 7.71E03 | 3.16E04 | 6.47E03 | 6.60E03 | 2.23E04 | 2.07E02| 2.07E02| 9.84E02 | 2.24E02| 3.90E03 | 6.14E04 | 1.56E02 [ 7.24E03 | 3.56E03
Alpha-galactosidase

AOA061HW17 |[A-like protein 4.20E02| 2.91E02| <LOD |0.00E+0(| 3.82E02| <LOD |0.00E+0Q 3.82E02| <LOD |0.00E+0( 3.82E02| <LOD |0.00E+0(Q 3.82E02| <LOD [0.00E+0d 3.82E02| <LOD |0.00E+0( 3.82E02

G3GZ90 Calumenin 4.17802| 1.74E02| <LOD |0.00E+0( 5.59E03| <LOD |0.00E+0( 5.59E03| <LOD |0.00E+0(d5.59E03| <LOD |0.00E+0(5.59E03| <LOD [0.00E+0d 5.59E03| <LOD |0.00E+0d 5.59E03
ChymotrypsinC-like

AOAO61IEE2 |[protein (Fragment) | 4.10E02|0.00E+0( 5.33E03 | 9.23E03[ 6.69504| <LOD [0.00E+0( 1.50E02| 4.49E04 | 1.07E09 | 5.39E03 | 9.33E03 | 7.10E04 | 2.62E02 | 8.75E03 | 2.19E02 | 1.61E02 | 1.26E03 | 2.27E07
Glutathione |
transferas Mu Xlike

AOA0611JC4 protein 4.10E02| 7.10E02| 1.21E01 | 2.45E02| 9.24E02| 1.01E01| 6.40E03| 1.65E01| 1.06E01 | 4.36E03| 1.35E01 | 1.22E01| 2.17E02| 8.74E02| 1.29E01| 2.48E02 | 7.33E02| 1.09E01 [ 1.03E02| 1.44E01
Lysosomal alphg

G3HTES glucosidase 4.10E02| 1.09E02| <LOD |0.00E+0(] 7.71E04| <LOD |0.00E+0q 7.71E04| <LOD [0.00E+0(Q 7.71E04| <LOD |0.00E+0qQ 7.71E04| <LOD |0.00E+0( 7.71E04| <LOD [0.00E+0Q 7.71E04

AOA061IN60  [Complement factor B 3.95E02|0.00E+0( 5.39E02 | 1.41E02 | 1.06E01 | 2.59E02 | 4.66E03| 2.36E03 | 3.60E02| 1.16E02| 5.80E01 | 4.11E02 | 3.56E03 | 4.41E01 | 4.58E02 | 1.41E02 | 4.31E01 | 2.49E02 | 2.16E02| 2.89E01
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP 4MP 4AMP 6MP 6MP Capto Q | Capto Q Adhere | Adhere | Capto
Accession Mean | SAF St | Mean | SAF St 4HP Mean | SAF St 6HP Mean | SAF St | 4MP Mean | SAF St 6MP Mean | SAF St [Capto Q[ Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Membrane frizzled
related potein isofor|
AOA06114Z7 2 3.95E02]|0.00E+0(J <LOD |0.00E+0(Q <LOD [0.00E+0(q <LOD |0.00E+0d <LOD |0.00E+0(q <LOD |0.00E+0Q <LOD |0.00E+0(q
G3GSG4 Renin receptor 3.94E02|1.71E02| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03|1.05£02|1.83E02|7.55E02| <LOD [0.00E+00| 6.57E03| <LOD |0.00E+0(d 6.57E03| <LOD |0.00E+0Q 6.57E03
Leukotriene Ad
G3HBI9 hydrolase 3.91E02| 9.67E03| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04
Adenylyl cyclase!
G3HN88 associated protein 3.88E02]|0.00E+0( 1.60E02| 2.77E02| 1.71E01| 1.52E02| 1.32E02| 1.76E02| 2.13E02| 6.38E04 | 4.46E08| 3.01E02| 1.23E02| 2.30E01| <LOD |0.00E+0Q 1.47E02| 1.28E02| 1.45E02
Inositol3-phosphate
AOA061IMX3  |synthase dike protein| 3.83E02 | 9.48E03| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(Q 5.46E04| <LOD [0.00E+0Q 5.46E04| <LOD |0.00E+0Q 5.46E04| <LOD |0.00E+0( 5.46E04
AOAOB1IEI3 Alphamannosidase |3.80E02|1.34E02| <LOD |0.00E+0( 2.73E03| <LOD |0.00E+®|2.73E03| <LOD |0.00E+0Q 2.73E03| <LOD [0.00E+0d 2.73E03|1.68E02|2.11E02|1.61E01| <LOD |0.00E+0Q 2.73E03
G3HEI6 Lysyl oxidaselike 1 | 3.76E02| 2.46E02| <LOD |0.00E+0(] 3.16E02| <LOD [0.00E+0( 3.16E02| <LOD |0.00E+0Q 3.16E02| <LOD |0.00E+0( 3.16E02|3.11E02|1.12E02|6.62E01| <LOD |0.00E+0(q 3.16E02
Glutathione 8
transferase ~ Adike
AOA061I6A0 protein 3.72E02| 3.72E02| 4.28E02| 4.35E02| 8.57E01| 2.94E02| 5.08602| 8.19E01| 2.73E02| 2.37E02| 6.83E01 | 4.34E02| 4.39E02| 8.41E01 | 2.92E02| 5.05E02 | 8.15E01 | 2.81E02 | 2.44E02| 7.72E01
G3GYZ1 CD44 antigen 3.70E02|0.00E+0] <LOD [0.00E+0( <LOD [0.00E+0( 1.37E02| 1.19E02| 1.28E02| 7.29E03 | 1.26E02 | 6.06E03| <LOD |0.00E+0( <LOD [0.00E+0(
G3GYY6 Catalase 3.70E02] 9.15E03| 3.10E02| 1.10E02 [ 4.56E01| 6.07E03 | 1.05E:02| 7.76E03| 1.13E02| 1.96E02| 6.97E02| 2.50E02| 2.86E02 | 4.75E01| 1.21E02| 1.05E02| 1.78E02| <LOD |0.00E+0(q 5.46E04
Tyrosineprotein
AOA061HV35 |kinase BTK isoform 4 3.53E02| 3.05602| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0Q 7.56E02| <LOD |0.00E+0Q 7.56E02
UTP--glucosel-
phosphate
035156 uridylyltransferase 3.51E02| 1.76E02| <LOD |0.00E+0(] 1.17E02| <LOD [0.00E+0(Q 1.17E02| <LOD |0.00E+0Q 1.17E02| <LOD |0.00E+0(¢ 1.17E02|4.06E02|8.23E04|5.78E01| <LOD |0.00E+0q 1.17E02
AOAQO61IEMO _[Clathrin light chain | 3.47E02|0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
G3HZD1 TenascinX 3.40E02| 2.10E03| <LOD [0.00E+0(] 6.24E07| <LOD |0.00E+0( 6.24E07| <LOD |0.00E+0(q 6.24E07|5.73E03| 9.93E03| 2.98E03 | 1.40E02| 2.70E03| 9.51E05 [ 5.50E03 | 4.78E03 | 3.23E04
CD109 antigel
AO0A0611994 isoform 2 3.38E02| 3.44E03| <LOD [0.00E+0( 7.43E06| <LOD |0.00E+0( 7.43E06| <LOD |0.00E+0q 7.43E06| <LOD |0.00E+0q 7.4F-06| <LOD |0.00E+0( 7.43E06| <LOD |0.00E+0( 7.43E06
Splicing factor|
proline-and
G3H9U3 glutaminerich 3.32E02]| 1.44E02| 1.99E02| 1.73E02 | 3.06E01| 2.93E02 | 6.07E04 | 6.22E01 | 9.06E03| 1.57E02| 7.96E02| 9.80E03| 1.70E02| 9.74E02| 1.91E02| 1.66E02| 2.70E01 | 2.93E02| 2.29E03| 6.29E01
Multiple inositol
polyphosphate
phosphatase  -llke
AOA06119C8  [protein 3.31E02|0.00E+0] <LOD [0.00E+0( <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto

Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere

Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Elongation factor 4

AOA061IC58 gamma 3.22E02| 1.12E02| <LOD |0.00E+0(] 2.53E03| <LOD [0.00E+0( 2.58E03|7.31E03|1.27E02|3.55E02| <LOD |0.00E+0(¢ 2.53E03| <LOD [0.00E+0( 2.58E03| 1.46E02|1.27E02| 1.38E01
Polyadenylatéinding

G3I8S7 protein 3.19E02|0.00E+0( 1.84E02) 1.78E02| 2.03E01 | 6.30E03| 1.09E02 | 6.13E03 | 1.75E02 | 5.24E04 | 4.46E08 | 1.24E02 | 1.07E02 | 1.69E02 | 2.43E02| 2.10E02| 5.15E01| <LOD |0.00E+0Q 3.89E03
Hypoxia upregulated

AOA061I5C0 _ [protein 1 3.11E02| 1.35E02| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD |0.00E+0(d 6.57E03| <LOD |0.00E+0Q 6.57E03
Leukocyte elastag

G3GWX6 inhibitor A 3.11E02| 3.56E02| <LOD |0.0CE+00| 1.52E01| <LOD |0.00E+0Q 1.52E01|1.70E02|2.94E02|5.80E01| <LOD [0.00E+0d 1.52E01|1.79E02|1.55E02|5.41E01| <LOD |0.00E+0Q 1.52E01

G3H8N1 Plastin2 3.05E02| 1.76E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+®|2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0( 2.02E02
Proteasome  subul

G3H5WO0 beta type 3.04E02|5.27E02| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01
Aspartate

AOA061IAK8 [aminotransferase 3.04E02|0.00E+0( 4.70E02) 1.81E02| 1.36E01| 2.01E02| 1.85E02 | 3.31E01 | 3.35E02 | 2.23E02| 7.95E01 | 3.18E02 | 1.85E02 | 8.85E01 | 6.61E02| 1.72E02| 1.02E02| 3.92E02| 1.19E02| 3.33E01
Adenylosuccinate

DOUZH8 lyase 3.04E02| 3.79E02| <LOD |0.00E+0( 1.82E01| <LOD |0.00E+0(Q 1.82E01| <LOD |0.00E+0( 1.82E01| <LOD |0.00E+0(Q 1.82E01| <LOD |0.00E+0(d 1.82E01| <LOD |0.00E+0( 1.82E01
alphal,2-

G3H8K2 Mannosidase 2.98E02| 1.03E02| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD [0.00E+00|2.53E03| <LOD [0.00E+0d 2.53E03| <LOD |0.00E+0(d 2.53E03| <LOD |0.00E+0Q 2.53E03

G3H7z22 Transgelin 2.98E02]| 2.58E02 | 3.50E02| 3.04E02 | 8.10E01| 5.30E02 | 5.29E02| 4.78E01 | 6.59E02| 3.06E02| 1.41E01 | 5.16E02| 5.10E02 | 4.93E01 | 5.22E02 | 5.26E02| 4.91E01 | 3.38E02| 2.93E02 | 8.69E01
Coiled-coil domain

G3H092 containing protein 80| 2.79E02| 9.31E03| 3.46E03| 6.00E03| 7.87E03| <LOD |0.00E+0q 2.13E03| 1.02E02| 3.06E04 | 1.43E02| <LOD |0.00E+0Q 2.13E03| <LOD |0.00E+0( 2.13E03| <LOD |0.00E+0( 5.76E03
Collagen alpha2(VI)

G3H8Y4 chain 2.75E02| 6.81E03| 9.24E03| 8.04E03) 2.01E02| <LOD |0.00E+0( 5.46E04 | 1.32E02| 1.34E02| 1.24E01 | 9.31E03| 8.06E03| 2.05E02| 1.81E02) 7.86E03| 1.41E01| 1.78E02| 1.55E02 | 4.01E01

G3GWQ1 Vinculin 2.67E02| 4.63E03| <LOD [0.00E+0(] 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0q 9.99E05| <LOD |0.00E+0q 9.99E05| <LOD |0.00E+0(d 9.99E05| <LOD |0.00E+0( 9.99E05
Phosphoglucomutasg

G3GZD2 1 2.65E02| 2.43E02| <LOD |0.00E+0( 8.83E02| 6.35E03| 1.10E02| 2.03E01|1.77E02| 1.81E02|5.97E01| 6.07E03 | 1.06E-02| 1.95E01 | 1.21E02| 1.05E02| 3.40E01| 6.71E03| 1.16E02| 2.14E01
Neural cell adhesig

G3H216 molecule 1 2.63E02| 1.52E02| <LOD [0.00E+0( 2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0q 2.02E02| <LOD |0.00E+0q 2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+®|2.02E02

G3HDMO Neuropilin 2.61E02| 1.13E02| <LOD [0.00E+0(] 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03
E3 ubiquitinprotein

AO0A0611041 ligase 2.50E02| 1.08£02| <LOD [0.00E+00| 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03

G3IHT7 SemaphorimB 2.28E02]| 1.14E02| 4.43E02| 5.74E03 [ 2.22E02| 2.68E02 | 1.37E02| 6.77E01 | 4.55E02| 1.79E02| 9.29E02 | 2.22E-02| 7.49E03 | 9.33E01 | 3.51E02 | 8.14E03| 1.48E01 | 2.58E02| 2.25E02 | 8.14E01
Proteasome  subul

G319D3 beta type 2.23E02| 1.93E02| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0Q 7.56E02
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ Capto Q| Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
Proteirglutamine
gamma
G3GXZ0 glutamyltransferase 4 2.16E02| 7.48E03| 5.34E03 | 9.24E03| 4.56E02| <LOD |0.00E+0( 2.53E03]| 9.52E03 | 8.25E03| 8.99E02| 1.00E02| 8.70E03| 1.09E01| <LOD |0.00E+0( 2.53E03|9.80E03(8.51E03| 1.00E01
Prostaglandin
reductase dike
AOAO061ILIO protein 1.99E02| 3.45E02| <LOD |0.00E+0( 3.14E01) 7.94E03| 1.38E02| 5.60E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01|6.87E02|3.79E02| 1.34E01
Xanthine
dehydrogenase/oxidg
AOA06110X3  |elike protein 1.91E02| 6.38E03| <LOD |0.00E+0( 2.13E03| <LOD |0.00E+0( 2.13E03|4.83E03|8.36E03|4.62E02| <LOD [0.00E+0d 2.13E03|7.46E03)| 7.51E03| 7.02E02| <LOD |0.00E+0Q 2.13E03
G3HEES8 Alpha-L-iduronidase | 1.90E02[ 1.64E02| <LOD |0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD |0.00E+0qQ 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD [0.00E+0d 7.56E02| <LOD |0.00E+0(q 7.56E02
Olfactomedinlike
AOAQ061IMT7 _ [proten 3 1.88E02|0.00E+00J <LOD |0.00E+0( <LOD [0.00E+0( 6.83E03|1.18E02| 1.08E01| <LOD |0.00E+0d <LOD [0.00E+0( <LOD [0.00E+0(
Collagen alphd (VI)
G3H8Y5 chain 1.87E02| 6.49E03| <LOD |0.00E+0(] 2.53E03| <LOD [0.00E+0( 2.58E03|4.10E03|7.09E03|3.19E02| <LOD |0.00E+0(¢ 2.53E03| <LOD [0.00E+0( 2.58E03| <LOD |0.00E+0(q 2.53E03
N-
acetylgalactosamine
G3GRS9 6-sulfatase 1.85E02| 1.85E02| <LOD |0.00E+0( 1.11E01| <LOD |0.00E+0(Q 1.11E01| <LOD |0.00E+0(J 1.11E01| <LOD |0.00E+0(Q 1.11E01|7.27E03|1.26E02|3.75E01| <LOD |0.00E+0( 1.11E01
Complement CIA
G3GUR1 subcomponent 1.67E02| 7.22E03| 5.15E03 | 8.92E03| 1.10E01| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0q 6.57E03 | 1.44E02| 2.93E04|5.74E01| <LOD |0.00E+0( 6.57E03
Glucosidase 2 subitr]
AOA06114U2  |[betalike isoform 1 | 1.61E02|0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0(
AOA061HUR7 _|[Biglycan 1.60E02| 2.78E02| <LOD |0.00E+0(] 3.14E01|9.21E03| 1.59E02| 6.97E01 | 4.43E02| 1.61E02| 1.49E01| 9.16E03| 1.59E02| 6.95E01| <LOD [0.00E+0d 3.14E01| 1.82E02| 1.58E02 9.07E01
Elongation factor 4
AOAO061IHT6  |deltalike isoform 1 | 1.57E02| 1.36E02| <LOD |0.00E+0( 7.56E02| <LOD [0.00E+0(Q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02|4.62E03| 8.00E-03| 2.32E01| <LOD |0.00E+0Q 7.56E02
Dual specificity
protein phosphatase
AOA0611857 like protein 1.50E02|0.00E+0( 1.76E02| 9.05E04 [ 2.60E03| 1.76E02 | 3.66E04 | 3.34E05| 2.19E02| 9.38E03| 2.11E01 | 2.92E02| 9.86E03 | 3.88E02| 2.32E02| 1.05E02| 1.91E01| 1.77E02| 1.38E03| 6.43E01
Heterogeneous
nuclear
ribonucleoprotein ¢
AOA061I11FO0 like 1-like protein 1.48E02| 1.29E02| <LOD [0.00E+0( 7.56E02|1.77E02| 1.53E02| 7.95E01| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 2.36E01
Apoptosisinducing
AOA061HZ30 |factor 1 1.45E02)0.00E+0] <LOD [0.00E+0( <LOD [0.00E+0d <LOD [0.00E+0( <LOD [0.00E+0d <LOD [0.00E+0( <LOD [0.00E+0d
Q9J155 Plectin (Fragment) | 1.38E02| 3.40E03| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0d 5.46E04| <LOD [0.00E+0d 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0q 5.46E04
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Table E.1(continued).

Capto Capto
Feed Feed 4HP 4HP 6HP 6HP AMP 4AMP 6MP 6MP Capto Q| Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean SAF St 4HP Mean SAF St 6HP Mean SAF St AMP Mean SAF St 6MP Mean SAF St [ CaptoQ | Mean SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value SAF Dev p-value | SAF Dev p-value
AOA061HWCY |Plastin3 1.34E02| 2.32E02| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01
LDLR chaperong
G3I9P1 MESD 1.33E02| 2.30E02| 3.12E02) 2.71E02) 3.74E01| 1.59E02| 2.75E02 | 8.94E01| <LOD [0.00E+0(q 3.14E01|3.09E02|2.67E02| 3.79E01 | 3.03E02) 2.63E02| 3.88E01 | 3.01E02 | 2.62E02 | 4.50E01
Matrix
G3H8V1 metalloproteinas® 1.27E02]|0.00E+0(J <LOD |0.00E+0(Q <LOD [0.00E+0(q <LOD |0.00E+0d <LOD |0.00E+0(q <LOD |0.00E+0Q <LOD |0.00E+0(q
G3H8C9 SemaphorirBB 1.20E02|0.00E+0(d 9.17E03| 7.95E03| 5.15E01 | 4.76E03 | 8.24E03| 1.47E01| <LOD [0.00E+0( 9.53E03[ 1.65E02 | 7.80E01 | 2.79E02| 1.41E02| 8.07E02| <LOD |0.00E+0Q 5.24E02
AOA061IHM8 | Agrin-like isoform 1 | 1.08E02| 2.66E03| <LOD [0.00E+0( 5.46E04| <LOD |0.00E400|5.46E04| <LOD [0.00E+0d5.46E04| <LOD |0.00E+0( 5.46E04|3.51E03|3.04E03| 1.78E02| <LOD |0.00E+0q 5.46E04
Proteasome
endopeptidase
G3I7A8 complex (Fragment) | 1.02E02| 4.40E03| <LOD |0.00E+0( 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+0d 6.57E03| <LOD |0.00E+0Q 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03
Basement membran
specific hepara
sulfate  proteoglyca
G3HIM1 core protein 9.98E03| 4.57E03| <LOD |0.00E+0( 8.28E03| <LOD |0.00E+0( 8.28E03| 1.09E03| 1.89E03| 1.77E02| 3.55E03 | 3.55E03 | 8.42E02| 2.35E03| 4.07E03 | 6.06E02 | 2.27E03 | 1.97E03 | 3.45E02
G3HC49 Thrombospondir8 9.61E03| 1.66E02| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD [0.00E+0(d 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01
Epithelial cell
transforming sequen(
G3GWS53 2 oncogendike 9.35E03|0.00E+0( 3.48E03) 6.02E03) 1.17E01| 3.73E03 | 6.46E03 | 1.53E01 | 6.94E03 | 6.02E03 | 4.73E01 | 7.25E03 | 6.28E03 | 5.45E01 | 7.20E03 | 6.24E03| 5.32E01 | 7.08E£03 | 6.15E03 | 5.05E01
Plasminogen aatator
inhibitor 1 RNA
A0A061HWUO |[binding protein 8.82E03| 1.53E02| <LOD |0.00E+0(] 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01| <LOD |0.00E+0(¢ 3.14E01| <LOD [0.00E+0d 3.14E01| <LOD |0.00E+0(q 3.14E01
Transitional
endoplasmic reticulu
G3HN14 ATPase 8.42E03|0.00E+0( 1.73E03| 3.00E03| 7.64E03| <LOD |0.00E+0( <LOD [0.00E+0( <LOD [0.00E+0( 3.27E03| 2.83E03| 1.69E02| 3.19E03| 2.77E03 | 3.18E02
Nucleotide exchang
G3HEY8 factor SIL1 7.58E03| 1.31E02| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01| <LOD [0.00E400|3.14E01| <LOD [0.00E+0(d 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01
G3GXQ2 Protein FAM59B 7.51E03| 1.30E02| <LOD |0.00E+0(] 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD |0.00E+0Q 3.14E01| <LOD |0.00E+0(¢ 3.14E01| <LOD [0.00E+0d 3.14E01| <LOD |0.00E+0( 3.14E-01
AOAO61IEH1  [Myosin9 4.97E03| 2.15E03| 1.39E03 | 2.40E03| 8.39E02| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03|1.43E032.48E03|9.16E02| <LOD |0.00E+0d 6.57E03
Heterogeneous
nuclear
ribonucleoprotein Y
G3IA10 like proteinl 3.78E03| 3.27E03| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02
Phosphatidylinositol
G3HFZ6 4-kinase alpha 2.89E03| 2.50E03| <LOD [0.00E+0( 7.56E02| <LOD |0.0CE+00[7.56E02| <LOD |0.00E+0q 7.56E02| <LOD |0.00E+0q 7.56E02|1.63E03| 2.83E03|5.48E01 | 3.27E03 | 2.85E03 | 8.69E01
Calciumtransporting
AOA061HUSO [ATPase 2.38E03]| 4.12E03| <LOD [0.00E+0( 3.14E01| <LOD |0.00E+0¢ 3.14E01| <LOD |0.00E+0q 3.14E01| <LOD |0.00E+0q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01
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Table E.2  Calculated mean and standard deviation (N=3) of spectral abundance factor (SAVahredfppm ANOVA comparison
to feed spectral abundance factor by host cell protein species and i@dii@,&20 mM NaCl. Theoretical molecular weight (MW) and
isoelectrc point (pl) calculated based on amino acid sequence is tabulated based on the ExXPASy Comput8wiks/[ristitute of
Bioinformatics) in addition to thealculated grand average of hydropathy (GRAVY hs calculated by the Fuchs GRAVY Calculator
(Fuchg.

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4MP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean SAF St | Mean | SAF St 4HP Mean | SAF St 6HP Mean | SAF St [ 4MP Mean | SAF St 6MP |Q Mean| SAF St [ Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
2.11E 1.39E 1.01E 3.16E 9.24E
G3HNJ3 Clusterin 8.32E01 | 1.69E01 02 2.81E04| 2.41E04 02 2.41E02 | 2.42E04 01 9.29E02 | 7.31E04 02 3.01E02| 2.76E04 02 6.17E02| 5.00E04 |4.74E02| 1.09E02 | 2.99E04
Peptidytprolyl cistrang 3.70E 4.05E 5.91E 1.72E 4.35E
G3H533 isomerase 7.91E01 | 3.01E01 01 8.54E02| 4.77E02 01 4.59E02 | 5.74E02 02 2.30E02| 5.33E03 01 5.21E02| 1.11E02 01 9.36E02| 8.04E02]1.18E01| 4.90E02 | 8.90E03
2.30E 5.06E 9.51E 3.69E 2.09e
G3GTT2 C-C motif chemokine 7.81E01 | 7.31E02 01 3.88E02| 5.00E05 01 4.50E01| 2.97E01 01 2.89E01| 3.19E01 01 1.74E01 | 8.41E03 01 1.21E01| 5.48E04|1.55E01| 3.55E02 | 3.52E05
1.63E 1.62E 1.44E 4.26E 2.62E
Q9JKY1 Peroxiredoxinl 6.76E01 | 1.19501 02 2.82E02| 1.40E04 02 2.81E02 | 1.40E04 01 1.70E01| 4.23E03 02 4.08E02 | 1.95E04 01 1.15E01]| 4.68E03| <LOD |0.00E+0(Q 1.09E04
9.82E 7.99E 4.59E 1.21E 2.38E
G3IDM2 Cofilin-1 6.31E01 | 1.90E01 02 3.44E02] 3.08E03 02 6.92E02| 3.25E03 01 1.21E01| 1.99E01 01 1.06E01 | 6.14E03 01 1.55E01|2.67E021.14E01| 2.45E03 | 3.58E03
G3IPU3 14-3-3 protein epsilon 5.49E01 | 1.93E01| <LOD [0.00E+0Q 2.73E03| <LOD [0.00E+0( 2.73E03| <LOD [0.00E+0( 2.73E03| <LOD [0.00E+0Q 2.73E03| <LOD |0.00E+0(d 2.73E03| <LOD |[0.00E+0Q 2.73E03
2.12E 2.28E
G3IKQ9 Osteopontin 4.20E-01 | 1.58E01 | <LOD |0.00E+0Q 3.27E03| <LOD |0.00E+0( 3.27E03 01 3.83E02 | 4.88E02 02 3.94E02| 4.70E03| <LOD [0.00E+0q 3.27E03] <LOD |0.00E+0( 3.27E03
1.22E 3.44E 6.06E
G3I3U5 Nidogenl 3.88E01 | 5.07E02| <LOD [0.00E+0Q 2.56E05 02 2.11E02 | 4.40E05 02 3.49E02| 1.08E04| <LOD |0.00E+0q 2.56E05 02 1.97E02| 8.24E05]| <LOD |0.00E+0(Q 2.56E05
3.22E 1.98E
G3H8v4 Phospholipid @nsfer protein | 3.62E01 | 1.08E01| <LOD |0.00E+0(d 1.29E03| <LOD |0.00E+0( 1.29E03 02 5.58E02| 3.30E03| <LOD |0.00E+0(q 1.29E03 02 1.95602| 1.78E03| <LOD [0.00E+0( 1.34E03
Endoplasmic retiglum|
G3I8R9 chaperone BiP 3.50E01 | 2.11E02| <LOD |0.00E#0| 5.50E07| <LOD |0.00E+0( 5.50E07| <LOD [0.00E+0(Q 5.50E07| <LOD |0.00E+0Q 5.50E07| <LOD [0.00E+0( 5.50E07| <LOD |0.00E+0Q 5.50E07
9.76E 9.33E 1.89E 9.76E
G3HOL9 Cathepsin B 3.38E-01 | 6.16E02| <LOD [0.00E+0(q 1.28E04 03 1.69E02| 1.75E04 03 1.62E02| 1.72E04 02 1.64E-02 | 1.99E04 02 5.98E02| 2.90E03|1.21E01| 6.21E02 | 4.42E03
8.03E 5.48E 8.94E 2.34E 2.94E
G3I1v3 Fibronectin 3.16E-01 | 5.33E02 03 7.06E03| 1.04E04 03 6.38E03| 9.93E05 03 5.81E03| 1.04E04 02 1.80E02 | 1.66E04 02 1.57E02| 1.72E041.79E02| 4.11E-03 | 1.23E04
G3HHR3 Vimentin 3.10E01 | 9.56E02| <LOD [0.00E+0( 1.49E03| <LOD [0.00E+0( 1.49E03| <LOD [0.00E+0d 1.49E03| <LOD |0.00E+0(d 1.49E03| <LOD |0.00E+0(¢ 1.49E03] <LOD [0.00E+0q 1.49E03
1.65E
G3GVDO Actin, cytoplasmt 1 3.04E01 | 6.92E02| <LOD [0.00E+0(q 3.71E-04| <LOD [0.00E+0(| 3.71E04| <LOD [0.00E+0(Q 3.71E04 02 2.86E02| 6.99E04| <LOD [0.00E+0d 3.71E04]8.25E03| 1.43E02 [ 4.93E04
Pigment  epithelim-derived
G31Q06 factor 2.99E01 | 0.00E+0( <LOD [0.00E+0(0.00E+0( <LOD [0.00E+0(0.00E+0( <LOD |0.00E+0(Q0.00E+00] <LOD |0.00E+0Q0.00E+0(J <LOD |0.00E+0(0.00E+0(] <LOD [0.00E+0d0.00E+0Q
Pigment  epithelim-derived
G3IKX2 factor 2.83E01 | 0.00E+0( <LOD [0.00E+0( 0.00E+0(] <LOD [0.00E+0(0.00E+0(] <LOD [0.00E+0(Q0.00E+0( <LOD [0.00E+0(Q0.00E+0(] <LOD [0.00E+0(0.00E+0(] <LOD |0.00E+0(Q 0.00E+0(
2.27E 2.80E 3.31E 2.25E 2.81E
G3IBHO Metalloproteinasénhibitor 1 2.83E01 | 9.29E02 01 3.00E02] 3.20E01 01 8.00E02] 9.69E01 01 5.40E02 | 4.25E01 01 2.14E02| 2.94E01 01 1.12E01|9.79E01|1.41E01| 3.04E03 | 3.18E02
3.53E
G3I1H5 Legumain 2.76E01 | 4.66E02| <LOD [0.00E+0( 8.86E05| <LOD [0.00E+0( 8.86E05 02 6.11E02| 1.77E03| <LOD |0.00E+0q 8.86E05| <LOD [0.00E+0( 8.86E05] <LOD |0.00E+0( 8.86E05
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAF St | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
4.77E 9.35E
AO0A06115D1 |Heat shock cognate protein | 2.76E01 | 4.76E02| <LOD |0.00E+0(Q 9.85E05| <LOD |0.00E+0( 9.85E05 02 8.22E03 [ 2.63E04 03 1.62E02| 1.52E04| <LOD |0.00E+0( 9.85E05] <LOD |0.00E+0( 9.85E05
8.07E 1.62E 3.64E 1.41E 1.66E
G3IL03 Uncharacterized praite 2.72E01 | 4.28E02 02 1.08E03 | 3.43E04 01 1.37E01 1.98E01 01 3.11E02 | 1.96E02 01 1.09E01 | 8.37E02 01 1.49E01| 2.46E017.79E02| 1.68E03 | 3.21E04
3.05E
Q9EPP7 Cathepsin Z 2.65E01 | 2.94E02| <LOD [0.00E+0Q 1.14E05] <LOD [0.00E+00| 1.14E05 02 3.09E02| 1.27E04] <LOD |0.00E+0q 1.14E05] <LOD |0.00E+0(d 1.14E05] <LOD |0.00E+0Q 1.14E05
G3HKZ1 14-3-3 protein zéa/delta 2.53E01 | 1.25E01| <LOD [0.00E+0( 1.13E02| <LOD [0.00E+0( 1.13E02| <LOD [0.00E+0(Q 1.13E02| <LOD [0.00E+0( 1.13E02| <LOD |0.00E+0d 1.13E02| <LOD |0.00E+0q 1.13E02
G3HBD4 Nucleoside diphgshate kinasg 2.52E01 | 3.36E02 | <LOD |0.00E+0Q 2.78E05| <LOD [0.00E+0( 2.78E05| <LOD [0.00E+0( 2.78E05| <LOD [0.00E+0( 2.78E05] <LOD |0.00E+0(¢ 2.78E05| <LOD |[0.00E+0Q 2.78E05
G3HLS2 14-3-3 protein b&a/alpha 2.28E01 | 2.08E02| <LOD [0.00E+0( 4.29E06| <LOD [0.00E+0( 4.29E06| <LOD [0.00E+0( 4.29E06| <LOD [0.00E+0Q 4.29E06| <LOD |0.00E+0(d 4.29E06| <LOD |0.00E+0Q 4.29E06
6.02E 1.21E 7.73E 7.77E 6.05E
G3HCL6 Complement C3 2.25E01 | 8.31E02 03 6.07E03]| 3.79E03 02 3.21E04| 4.23E03 03 3.31E03 | 3.89E03 03 6.74E03]| 3.94E03 03 2.23E04| 3.75E03|5.78E03| 1.25E04 | 3.75E03
2.68E 2.67E 7.93E 2.55E 1.09e
G3H5D5 Acyl-CoA-binding protein 2.22E01 | 7.41E02 02 4.64E02 | 7.49E03 02 4.62E02 | 7.44E03 02 7.78E02| 4.962-02 02 4.42E02 | 6.93E03 01 9.44E02| 1.27E01| <LOD |0.00E+0(Q 2.13E03
9.81E 9.95E 9.52E 9.08E 6.62E
G3H705 Cystatin 2.10E01 | 5.20502 02 1.31E03 | 8.73E03 02 2.64E03] 9.21E03 02 4.55E03 | 7.98E03 02 8.65E03]| 7.12E03 02 5.74E02| 1.55E02 | 9.48E-02| 2.04E03 | 7.76E03
1.57E
G3GzZB2 Acid ceramidase 2.09E01 | 3.42E02| <LOD [0.00E+0Q 7.59E05| <LOD [0.00E+0( 7.59E05 02 2.71E02| 3.56E04| <LOD |0.00E+0( 7.59E05| <LOD |0.00E+0q 7.59E05] <LOD [0.00E+0( 7.59E05
14-3-3 protein  gammdike
AOA06112D3 |protein 2.06E01 | 2.23E02| <LOD [0.00E+0( 1.00E05| <LOD [0.00E+0( 1.00E05| <LOD [0.00E+0( 1.00E05| <LOD [0.00E+0( 1.00E05| <LOD |0.00E+0(d 1.00E05| <LOD |0.00E+0Q 1.00E05
2.15E 4.36E
P48538 Galectinl 2.03E01 | 1.35E01| <LOD [0.00E+0q 3.36E02| <LOD [0.00E+0( 3.36E02 01 1.87E-01 9.24E01 02 3.80E02| 7.96E02| <LOD [0.00E+0( 3.36E02] <LOD |0.00E+0( 3.36E02
G3IEF1 Ferritin 2.02E01 | 2.69E02| <LOD [0.00E+0q 2.78E05| <LOD [0.00E+0( 2.78E05| <LOD [0.00E+0( 2.78E05| <LOD |0.00E+0( 2.78E05| <LOD |0.00E+0(d 2.78E05| <LOD [0.00E+0Q 2.78E-05
G3HB04 Protein disulfidésomerase Aq 2.00E01 | 5.38E02| <LOD |0.00E+0(d 8.13E04| <LOD [0.00E+0( 8.13E04| <LOD [0.00E+0q 8.13E04| <LOD [0.00E+0q 8.13E04| <LOD |0.00E+0d 8.13E04| <LOD |0.00E+0(d 8.13E04
7.89E- 5.40E 1.54E 4.36E 1.07E
QoIwv24 Beta2-microglobulin 1.93E01 | 4.18E02 02 1.05E03 | 3.22E03 02 4.68E02| 7.73E03 01 7.77E02| 4.30E01 02 7.54E02| 2.01E02 01 5.03E02| 5.20E02|2.49E02| 4.32E02| 5.11E03
1.72E 1.16E 6.1%- 3.09E 2.85E
G3HPT8 Suprabasin 1.93E01 | 4.78E02 02 1.73E02| 1.12E03 02 1.00E02 | 8.09E04 02 4.20E02| 1.02E02 02 1.34E02 | 1.46E03 02 9.26E03| 1.25E03| <LOD [0.00E+0( 6.32E04
1.74E
G3HBD3 Nucleoside diphosphate kina 1.93E01 | 3.34E02| <LOD |0.00E+0q 9.99E05| <LOD [0.00E+0(| 9.99E05| <LOD [0.00E+0Q 9.99E05 02 3.01E02]| 6.44E04| <LOD [0.00E+0( 9.99E05] <LOD |0.00E+0(q 9.99E05
6.46E
G3H8V5 Carboxypeptidase 1.85E01 | 4.88E02| <LOD [0.00E+0( 7.46E04| <LOD [0.00E+0( 7.46E04 03 1.12E02| 9.89E04| <LOD |0.00E+0q 7.46E04| <LOD [0.00E+0( 7.46E04| <LOD |0.00E+0( 7.46E04
4.99E 1.53E 1.21E 1.14E 2.01E
G3HLTO Antileukoproteinae 1.83E01 | 1.05E01 02 4.32E02( 7.23E02 01 7.99E02| 6.77E01 01 4.29E02 | 3.38E01 01 3.99E02] 2.91E01 01 4.42E02| 7.63E01]2.88E01| 6.21E03 | 1.08E01
Retinoic acid recept 7.76E 5.88E 7.52E 3.21E 9.97E
Q8HDG8 responder protein 2 1.78E01 | 1.11E01 02 3.32E02| 1.54E01 02 5.78E02| 1.24E01 02 3.22E02| 1.46E01 02 5.57E02| 7.21E02 02 7.24E02| 3.04E01| <LOD [0.00E+0( 2.68E02
G3HMG4 Amyloid beta A4 protein 1.77E01 | 3.11E02| <LOD [0.00E+0( 1.09E04| <LOD [0.00E+0( 1.09E04| <LOD [0.00E+0Q 1.09E04| <LOD |0.00E+0( 1.09E04| <LOD |0.00E+0(d 1.09E04| <LOD [0.00E+0q 1.09E04
2.44E 2.36E 1.06E
G3I1Y9 Sulfated glycoprotein 1 1.70E01 | 5.57E02| <LOD [0.00E+0Q 1.97E03] <LOD [0.00E+0( 1.97E03 01 5.54E02| 1.31E01 02 2.05E02| 4.96E03 01 7.91E-02 | 2.53E01|6.35E02| 4.28E02 | 8.15E02
4.72E
G3INC5 Cathepsin L1 1.70E01 | 1.55E02| <LOD [0.00E+0q 4.29E06| <LOD [0.00E+0( 4.29E06 02 3.25E02| 1.18E03| <LOD [0.00E+0( 4.29E06| <LOD |0.00E+0(d 4.29E06| <LOD |0.00E+0Q 4.29E06
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accessbn Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
1.30E 1.26E
G3IEY9 14-3-3 protein theta 1.68E01 | 1.50E01 02 2.25E02| 1.04E01| <LOD [0.00E+0( 8.21E02 02 2.19E02| 1.04E01] <LOD |0.00E+0(Q 8.21E02] <LOD |0.00E+0( 8.21E02] <LOD |0.00E+0( 8.21E02
G3GZW8 Phosphoglycerate mutase 1 | 1.65E01 | 2.86E02| <LOD |0.00E+0d 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD [0.00E+0Q 9.99E05| <LOD [0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0(q 9.99E05
1.28E 2.09E 1.33E
G3HBI1 Peroxidasirike 1.59E01 | 2.86E02| <LOD [0.00E+0( 1.19E04| <LOD [0.00E+0( 1.19E04 02 6.12E04| 1.77E04 03 3.61E03| 1.31E04 02 6.31E03| 2.02E04 |8.45E03| 3.50E03 | 1.60E04
1.28E
G3IN86 Dipeptidytpeptidase 2 1.48E01 | 3.69E02| <LOD [0.00E+0( 5.71E04| <LOD [0.00E+0( 5.71E04 02 1.11E02| 1.06E03| <LOD |0.00E+0Q 5.71E04| <LOD [0.00E+0(Q 5.71E04| <LOD |0.00E+0(q 5.71E04
9.59E 4.43E 4.37E
G3HWE4 Nidogenl 1.48E01 | 1.46E02| <LOD [0.00E+0Q 6.44E06 03 1.66E02| 6.86E05 03 7.67E03| 1.36E05 03 7.56E03| 1.34E05| <LOD [0.00E+0(q 6.44E-06] <LOD [0.00E+0( 7.62E05
G3HK90 14-3-3 protein eta 1.48E01 | 1.28E01| <LOD [0.00E+0Q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02] <LOD [0.00E+0( 7.56E02] <LOD |0.00E+0(d 7.56E02] <LOD |0.00E+0Q 7.56E02
5.20E 4.41E 6.67E 4.83E 9.04E
G31255 L-lactate dehydrogenase 1.43E01 | 2.38E02 02 2.66E02| 4.41E03 02 4.10E02| 1.01E02 02 3.71E02 | 2.08E02 02 2.69E02| 3.82E03 03 1.57E02| 2.70E04| <LOD |0.00E+0(Q 2.49E04
6.55E 6.58E 6.44E
AOA0611451 |Nucleobindin2-like protein 1.36E01 | 4.47E02 03 1.13E02 | 2.84E03| <LOD |0.00E+0( 1.99E03 03 1.14E02| 2.85E03 03 1.12E02 2.82E03| <LOD |0.00E+0q 1.99E03| <LOD [0.00E+0( 1.99E03
4.04E 1.36E 7.83E 4.85E 6.75E
G3IG05 Annexin 1.36E01 | 9.32E02 02 4.01E02( 1.28E01 02 2.35E02 | 5.70E02 02 3.74E03 | 2.86E01 02 1.59E02 | 1.34E01 02 6.08E02] 2.88E01]1.27E02| 2.21E02 | 5.53E02
5.59E 5.29E
Q91781 Protein disulfidesomerase 1.35E01 | 4.07E02| <LOD [0.00E+0Q 1.35E03] <LOD [0.00E+0( 1.35E03 02 4.88E02 | 6.09E02 03 9.16E03| 1.81E03| <LOD [0.00E+0( 1.35E03] <LOD |0.00E+®| 1.35E03
1.17E 5.89E
G3HHV4 Thrombospondifl 1.33E01 | 4.41E02| <LOD [0.00E+0Q 2.06E03| <LOD [0.00E+0( 2.06E03 02 2.02E02 | 4.64E03] <LOD |0.00E+0Q 2.06E03 03 1.02E02] 2.82E03| <LOD |0.00E+0(Q 2.06E03
Peptidytprolyl cistrang 5.83E
G3HIQ1 isomerase 1.30E01 | 3.23E02| <LOD [0.00E+0Q 5.46E04| <LOD [0.00E+0( 5.46E04 02 5.65E02| 8.50E02| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(Q 5.46E04
2.89E 5.50E
G3HY03 D-dopachrome decarboxylasq{ 1.27E01 | 8.81E02| <LOD |0.00E+0q 3.82E02| 02 |5.01E02|1.19E01 02 |4.77E02|2.22E01| <LOD |0.00E+0( 3.82E02| <LOD [0.00E+0q 3.82E02| <LOD |0.00E+0( 3.82E02
Q540F6 Elongation factor f&alpha 1.26E01 | 1.10E01| <LOD [0.00E+0q 7.65E02| <LOD [0.00E+0( 7.65E02| <LOD [0.00E+0g 7.65E02| <LOD |0.00E+0( 7.65E02| <LOD |0.00E+0( 7.65E02] <LOD [0.00E+0q 7.65E02
ADA0611H04 |Nucleobindin2-like protein 1.26E01 | 2.89E02| <LOD [0.00E+0( 3.81E04| <LOD [0.00E+0( 3.81E04| <LOD [0.00E+0Q 3.81E04| <LOD |0.00E+0d 3.81E04| <LOD |0.00E+0( 3.81E04| <LOD [0.00E+0Q 3.81E04
2.27E 4.07& 2.23E 3.70E 2.30E
G3H3E4 Galectin3-binding protein 1.25E01 | 2.71E02 02 9.61E03| 9.76E04 02 2.06E02| 4.81E03 02 2.50E02]| 2.92E03 02 1.05E02 | 2.02E03 02 2.00E02| 2.02E03|5.49E02| 8.53E03 | 5.83E03
7.56E
G3HQY6 Lipase 1.24E01 | 3.35E02| <LOD [0.00E+0(q 8.13E04| <LOD [0.00E+0(| 8.13E04| <LOD [0.00E+0(Q 8.13E04 03 1.31E02| 1.50E03| <LOD |0.00E+0(q 8.13E04| <LOD [0.00E+0( 8.13E04
6.10E 8.98E
G3HCX3 Deoxyribonucleas@-alpha 1.24E01 | 6.55E02| <LOD [0.00E+0q 1.46E02| <LOD [0.00E+0( 1.46E02 02 1.49E02| 1.30E01 03 1.55E02 | 2.14E02| <LOD |0.00E+0q 1.46E02| <LOD [0.00E+0( 1.46E02
ADA06110G5 |Protein disulfideisomerase 1.22E01 | 1.06E01| <LOD [0.00E+0q 7.65E02| <LOD [0.00E+0( 7.65E02| <LOD [0.00E+0Q 7.65E02| <LOD |0.00E+0( 7.65E02| <LOD |0.00E+0(d 7.65E02| <LOD [0.00E+0Q 7.65E02
1.53E 1.50 1.47& 3.03E
G3IDN7 Protein FAM3C 1.21E01 | 4.05E02| <LOD [0.00E+0q 2.13E03 02 2.66E02]| 8.14E03 02 2.60E02]| 7.81E03 02 2.54E02]| 7.54E03 02 2.63E02| 1.46E02|1.39E02| 2.41E02 | 9.24E03
Tropomyosin alphd. chainlike
AOA061IPG4 |[protein 1.185-01 | 3.15E02| <LOD [0.00E+0q 7.71E04| <LOD [0.00E+0( 7.71E04| <LOD [0.00E+0( 7.71E04| <LOD |0.00E+0( 7.71E04| <LOD |0.00E+0(d 7.71E04| <LOD [0.00E+0q 7.71E04
3.15E
G3I3H2 60S acidic ribosomal protein | 1.14E01 | 4.93E02 02 5.46E02| 8.21E02| <LOD [0.00E+0( 6.57E-03| <LOD [0.00E+0( 6.57E03] <LOD [0.00E+0( 6.57E03| <LOD |0.00E+0(d 6.57E03| <LOD |0.00E+0Q 6.57E03
Rho GDRdissociation inhibito]
G3GXB0 1 1.14E01 | 6.53E02| <LOD [0.00E+0q 1.97E02| <LOD [0.00E+0( 1.97E02| <LOD [0.00E+0q 1.97E02| <LOD |0.00E+0( 1.97E02| <LOD |0.00E+0d 1.97E02] <LOD [0.00E+0q 1.97E02

244



Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
Glyceraldehyde3-phosphate 4.06E 4.14E 6.90E 2.70E 6.14E
P17244 dehydrogenase 1.12E01 | 2.80E02 02 1.74E02 | 8.54E03 02 3.59E02]| 2.99E02 02 1.69E02 | 5.14E02 02 2.54E02]| 7.34E03 02 2.92E02| 5.97E02]3.91E02| 1.62E02| 1.01E02
1.01E 4.44E 3.84E
G3GUUS Transketolase 1.08E01 | 2.26E02| <LOD [0.00E+0Q 2.42E04| <LOD [0.00E+0( 2.42E04 02 8.79E03 | 5.38E04 03 7.69E03| 3.83E04 02 2.63E02|1.13E02| <LOD |0.00E+0(q 2.42E04
Q8K3U7 Peroxiredoxin2 1.07E01 | 2.65E02| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0(d 5.46E04| <LOD |0.00E+0(Q 5.46E04
1.28E 1.29E 2.25E 3.84E
G3IBF4 Serine protease HTRAL 1.05E01 | 0.00E+0q 02 2.22E02| 4.98E04| <LOD [0.00E+0(J0.00E+0( 02 2.23E02| 5.10E04 02 1.96E02| 4.65E04 02 1.42E03] 3.13E09]3.67E02| 7.90E04 | 1.49E10
2.81E 2.73E
AOA061ID29 |Heat shock protein 1.04E01 | 1.80E01| <LOD [0.00E+0Q 3.14E01 02 4.87E02| 4.66E01 02 4.74E02| 4.61E01] <LOD [0.00E+0( 3.14E01] <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0(Q 3.14E01
5.14E
G3I16T1 Phospholipase #ke 1.02E01 | 2.33E02| <LOD [0.00E+0Q 3.81E04| <LOD [0.00E+0( 3.81E04 03 8.91E03 | 6.68E04] <LOD |0.00E+0(q 3.81E04| <LOD |0.00E+0( 3.81E04| <LOD |0.00E+0Q 3.81E04
2.33E 8.11E 7.51E 3.67E 1.51E
G3IAQO Alpha-enolase 9.99E02 | 3.27E02 02 3.12E04| 6.20E03 03 1.41E02( 4.13E03 02 1.01E02| 2.19E01 02 1.51E02 | 1.93E02 02 2.62E02| 1.12E02]7.36E03| 1.28E02| 4.41E03
N-acetylglucosaminé- 3.97E 6.59E
G3I8P7 sulfatase 9.93E02 | 2.15E02| <LOD [0.00E+0( 2.91E04| <LOD [0.00E+0( 2.91E04 02 2.13E02| 1.25E02| <LOD |0.00E+0q 2.91E04 03 1.14E02| 7.19E04| <LOD [0.00E+0( 2.91E04
AOA061IML2 [Annexin 9.58E02 | 1.92E02| <LOD [0.00E+0( 2.00E04| <LOD [0.00E+0( 2.00E04| <LOD [0.00E+0( 2.00E04| <LOD [0.00E+0Q 2.00E04| <LOD |0.00E+0(d 2.00E04| <LOD |0.00E+0Q 2.00E04
6.68E
G3IF80 Nucleolin 9.54E02 | 1.91E02| <LOD [0.00E+0( 2.00E04| <LOD [0.00E+0( 2.00E04 03 1.16E02 | 5.89E04| <LOD |0.00E+0( 2.00E04| <LOD [0.00E+0( 2.00E04| <LOD |0.00E+0(q 2.00E04
4.24E 2.83E 6.73E 1.16E 4.26E
AOA061HYZ1 | Peroxiredoxiré-like protein 9.01E02 | 4.46E02 02 4.27E02( 1.95E01 02 4.89E02 | 1.30E01 02 2.12E02| 4.13E01 02 2.01E02| 2.66E02 02 1.57E03|9.41E02| <LOD |0.00E+0(Q 1.13E02
G3H716 Sulfhydryl oxidase 9.01E02 | 2.96E02| <LOD [0.00E+0( 2.00E03| <LOD [0.00E+0( 2.00E03| <LOD [0.00E+0d 2.00E03| <LOD |0.00E+0( 2.00E03| <LOD |0.00E+0(¢ 2.00E03| <LOD [0.00E+0q 2.00E03
3.62E 3.57E
G3HSL4 Elongation factor 2 8.97E02 | 5.21E02| <LOD [0.00E+0q 2.07E02| <LOD [0.00E+0( 2.07E02 03 6.28E03| 2.46E02 03 6.18E03| 2.46E02| <LOD [0.00E+0( 2.07E02]3.56E03| 6.17E03 [ 2.49E02
AOA061ILY9 |Tenascin 8.96E02 | 2.33E02| <LOD [0.00E+0( 6.81E04| <LOD [0.00E+0( 6.81E04| <LOD [0.00E+0d 6.81E04| <LOD |0.00E+0( 6.81E04| <LOD |0.00E+0( 6.81E04| <LOD [0.00E+0q 6.81E04
N(4)-(BetaN-
acetylglucosaminyt).- 7.44E 8.08E
G3HGM6 asparaginase 8.96E02 | 6.21E02| <LOD [0.00E+0q 3.82E02| <LOD [0.00E+0( 3.82E02 02 4.04E02| 7.07E01 03 1.40E02 | 5.58E02| <LOD |0.00E+0q 3.82E02| <LOD [0.00E+0( 3.82E02
Suprabasidike proteiry
AOA061HTU1 | (Fragment) 8.82E02 | 7.78E02| <LOD [0.00E+0Q 7.95E02| <LOD [0.00E+0( 7.95E02| <LOD [0.00E+0( 7.95E02| <LOD [0.00E+0( 7.95E02] <LOD |0.00E+0(d 7.95E02]| <LOD |0.00E+0Q 7.95E-02
Nuclear  migration  prote
AOA061IEW1 [nudGlike protein 8.70E02 | 3.01E02| <LOD [0.00E+0( 2.53E03] <LOD [0.00E+0( 2.53E03| <LOD [0.00E+0( 2.53E03] <LOD [0.00E+0( 2.53E03] <LOD |0.00E+0(d 2.53E03| <LOD |0.00E+0Q 2.53E03
G3HoU6 Protein disulfidesomeras A3 | 8.67E02 | 8.08E02| <LOD |0.00E+0( 9.25E02| <LOD [0.00E+0( 9.25E02| <LOD [0.00E+0( 9.25E02| <LOD [0.00E+0( 9.25E02] <LOD |0.00E+0( 9.25E02| <LOD |[0.00E+0q 9.25E02
Adenylate kinase
G3H928 mitochondrial 8.66E02 | 3.75E02| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+00| 6.57E03| <LOD [0.00E+0d 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0(d 6.57E03] <LOD [0.00E+0q 6.57E03
4.69E 1.35E 1.24E
G3I5R2 40S ribosomal protein S28 8.55E02 | 7.40E02| <LOD [0.00E+0Q 7.56E02 02 8.12E02] 5.27E01 01 2.33E01] 7.13E01 01 1.16E01|6.16E01| <LOD |0.00E+0q 7.56E02] <LOD [0.00E+0( 7.56E02
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
Proteasome endopeptid.
G3GWR8 complex (Fragment) 8.40E02 | 4.20E02| <LOD [0.00E+#0|1.17E02| <LOD [0.00E+0( 1.17E02| <LOD [0.00E+0(Q 1.17E02| <LOD [0.00E+0( 1.17E02| <LOD |0.00E+0d 1.17E02| <LOD |0.00E+0q 1.17E02
Heat shock protein HSP 4
A0A0611107 |alpha (Fragment) 8.39E02 | 3.63E02| <LOD [0.00E+0q 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+00| 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0(d 6.57E03] <LOD [0.00E+0Q 6.57E03
1.14E
AOA061IL27 |[Periostin isoform 2 8.25E02 | 3.46E02| <LOD [0.00E+0Q 5.74E03| <LOD [0.00E+0( 5.74E03 02 5.44E04| 1.05£02| <LOD |0.00E+0( 5.74E03| <LOD |0.00E+0(Q 5.74E03] <LOD [0.00E+0( 5.74E03
8.60E
AOA098KXCO0 | Pyruvate kinase 8.19E02 | 3.09E02| <LOD [0.00E+0(q 3.68E03| <LOD [0.00E+0( 3.68E03 03 1.49E02| 9.03E03| <LOD |0.00E+0q 3.68E03| <LOD [0.00E+0g 3.68E03]4.23E03| 7.32E03 [ 5.52E03
1.38E
G3I3Y6 Glutathione Sransferase P 8.00E02 | 4.00E02| <LOD [0.00E+0Q 1.17E02| <LOD [0.00E+0( 1.17E02| <LOD [0.00E+0( 1.17E02 02 2.39E02| 4.02E02| <LOD [0.00E+0q 1.17E02] <LOD [0.00E+0( 1.17E02
G3ILK7 Calsynteninl 7.95E02 | 2.26E02| <LOD [0.00E+0( 1.03E03| <LOD [0.00E+0( 1.03E03| <LOD [0.00E+00| 1.03E03| <LOD |0.00E+0(d 1.03E03| <LOD |0.00E+0(¢ 1.03E03] <LOD [0.00E+0q 1.03E03
G3HoC2 Proteasome subunit alpha ty] 7.91E02 | 1.96E02| <LOD |0.00E+0(d 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0Q 5.46E04| <LOD [0.00E+0Q 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(q 5.46E04
9.12E
G3I5L3 Annexin 7.73E02 | 2.58E02| <LOD [0.00E+0Q 2.13E03| <LOD [0.00E+0( 2.13E03| <LOD [0.00E+0( 2.13E03| <LOD |0.00E+0( 2.13E03 03 1.58E02| 7.22E03| <LOD |0.00E+0(Q 2.13E03
G3HKG9 60S acidic ribosomal protein | 7.63E02 [ 1.89E02| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(Q 5.46E04| <LOD [0.00E+0Q 5.46E04
G3H6Y5 Peptidylprolyl isomerase 7.58E02 | 1.31E01| <LOD [0.00E+0q 3.14E01| <LOD [0.00E+0q 3.14E01| <LOD [0.00E+0d 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01] <LOD [0.00E+0q 3.14E01
G3HQM6 Endoplasmin 7.56E02 | 1.87E02| <LOD [0.00E+0q 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0Q 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(d 5.46E04| <LOD [0.00E+0( 5.46E04
Inter-alphatrypsin inhibitor 3.72E 1.02E 3.56E
G3GR64 heavy chain H5 7.52E02 | 1.50E02| <LOD [0.00E+0Q 1.96E04 03 6.43E03] 3.73E04 02 1.03E02| 9.63E04 03 6.16E03| 3.58E04| <LOD [0.00E+0( 1.96E04] <LOD |0.00E+0(q 1.96E04
G3H6Y6 NSFL1 cofactor p47 7.32E02 | 4.88E02| <LOD |0.00E+0q 3.36E02| <LOD |0.00E+0( 3.36E02| <LOD [0.00E+0( 3.36E02| <LOD |0.00E+0q 3.36E02| <LOD |0.00E+0( 3.836E02| <LOD |0.00E+0Q 3.36E02
Ubiquitin-conjugating enzym 3.76E
G3HS88 E2 N (Fragment) 7.17E02 | 3.10E02| <LOD [0.00E+0q 6.57E03| <LOD [0.0CE+00| 6.57E03 02 6.52E02| 4.03E01| <LOD |0.00E+0q 6.57E03| <LOD [0.00E+0( 6.57E03] <LOD |0.00E+0(q 6.57E03
G3H5Q0 Actin, alpha cardiac muscle 1} 7.14E02 | 1.24E01 | <LOD |0.00E+0(q 3.14E01| <LOD |0.00E+0(] 3.14E01| <LOD |0.00E+0(Q 3.14E01| <LOD |0.00E+0Q 3.14E01| <LOD [0.00E+0Q 3.14E01] <LOD |0.00E+0( 3.14E01
Isocitrate dehydrogend 2.22E 2.16E
G3HU51 [NADP] 7.14E02 | 3.27E02| <LOD [0.00E+0Q 8.28E03| <LOD [0.00E+0( 8.28E03 02 2.25E02| 6.17E02 02 2.05E03| 3.22E02| <LOD [0.00E+0d 8.28E03] <LOD |0.00E+0( 8.28E03
9.33E
G3I3G8 Transaldolase 7.11E02 | 6.16E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02 03 1.62E02| 1.19E01| <LOD |0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02] <LOD |0.00E+0(q 7.56E02
2.57E 5.18E 4.95E 2.27E
A0A0611QJ9 |EFHAND 2 containing protei{ 7.04E02 | 3.52E02 02 223E02]9.22E02 02 2.21E02 | 4.25E01 02 2.12E02| 3.70E01 02 1.98E02( 7.10E02| <LOD |0.00E+0q 1.17E02| <LOD [0.00E+0( 1.17E02
6.69E 8.63E 2.59E 8.45E 1.26E
G3IAP3 Connective tissue growth fac{ 7.00E02 | 3.03E02 02 1.75E02 | 8.69E01 02 4.80E02] 6.01E01 01 3.59E02 | 5.59E04 02 4.98E02| 6.51E01 01 6.21E02] 1.79E01]5.52E02| 1.19E03 | 3.89E01
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
G3H303 Proteasome subunit tae 6.85E02 | 5.93E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD |0.00E+0(d 7.56E02| <LOD |0.00E+0(Q 7.56E02
2.03E
G3HYJ9 Moesin 6.76E02 | 6.03E02| <LOD [0.00E+0Q 8.21E02| <LOD [0.00E+0( 8.21E02 02 3.51E02| 2.46E01] <LOD [0.00E+0( 8.21E02] <LOD |0.00E+0( 8.21E02| <LOD |0.00E+0(Q 8.21E02
1.69E
G3IEU2 Protein DJ1 6.70E02 | 5.80E02| <LOD [0.00E+0Q 7.56E02| <LOD [0.00E+0( 7.56E02 02 2.93E02| 1.96E01| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(q 7.56E02] <LOD [0.00E+0( 7.56E02
Chondroitin sulfatf
G3HOE4 proteoglycan 4 6.62E02 | 6.06E03| <LOD [0.00E+0( 4.40E06| <LOD [0.00E+0( 4.40E06| <LOD [0.00E+0( 4.40E06| <LOD [0.00E+0Q 4.40E06| <LOD |0.00E+0(d 4.40E06| <LOD |0.00E+0Q 4.40E06
3.60E
G3I1216 Triosephosphate isomerase | 6.54E02 | 2.83E02 | <LOD |0.00E+0q 6.57E03| <LOD |0.00E+0(] 6.57E03| <LOD |0.00E+0Q 6.57E03] <LOD [0.00E+0q 6.57E03 02 3.12E02| 2.35E01| <LOD [0.00E+0( 6.57E03
G3HNT9 Proteasome subunit beta typd 6.41E02 | 6.41E02| <LOD |0.00E+0q 1.11E01| <LOD [0.00E+0( 1.11E01| <LOD [0.00E+0q 1.11E01| <LOD [0.00E+0q 1.11E01| <LOD |0.00E+0d 1.11E01| <LOD |0.00E+0q 1.11E01
G3HG95 Lamin-A/C 6.25E02 | 1.56E02| <LOD [0.00E+0( 5.73E04| <LOD [0.00E+0( 5.73E04| <LOD [0.00E+0( 5.73E04| <LOD [0.00E+0( 5.73E04| <LOD |0.00E+0(d 5.73E04| <LOD |0.00E+®|5.73E04
G3HCX8 Calreticulin 6.22E02 | 3.59E02| <LOD [0.00E+0( 2.02E02| <LOD [0.00E+0( 2.02E02| <LOD [0.00E+0g 2.02E02| <LOD |0.00E+0( 2.02E02| <LOD |0.00E+0(¢ 2.02E02| <LOD [0.00E+0q 2.02E02
AO0A061HUH1| Caltractinlike protein 5.95602 | 1.03E01| <LOD [0.00E+00| 3.14E01| <LOD [0.00E+0Q 3.14E01| <LOD [0.00E+0Q 3.14E01] <LOD [0.00E+0Q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD |0.00E+0(Q 3.14E01
Phosphoserine 9.94E
G3IKH9 aminotransferase 5.90E02 | 2.95E02| <LOD [0.00E+0Q 1.17E02| <LOD [0.00E+0( 1.17E02 03 1.72E02| 3.88E02| <LOD |0.00E+0(d 1.17E02| <LOD |0.00E+0q 1.17E02] <LOD [0.00E+0( 1.17E02
6.91E
G3H1D5 Carboxypeptidase 5.86E02 | 1.95E02| <LOD [0.00E+0q 2.13E03| <LOD [0.00E+0( 2.13E03| <LOD [0.00E+0q 2.13E03| <LOD |0.00E+0q 2.13E03 03 1.20E02| 7.22E03| <LOD [0.00E+0( 2.13E03
SH3 domairbinding glutami 2.15E
AOA06110I13 |acidrich-like protein 5.81E02 | 0.00E+0( <LOD [0.00E+0(Q 0.00E+0( <LOD [0.00E+0(0.00E+0(] 02 3.73E02| 1.16E01] <LOD [0.00E+0(J0.00E+0(] <LOD |0.00E+0(0.00E+0(] <LOD |0.00E+0(0.00E+0(
3.57E
G3IKC3 Glutathione Sranderase Mu f§ 5.78E02 | 2.00E02 | <LOD [0.00E+0( 2.53E03| <LOD [0.00E+0( 2.53E03 02 3.13E02| 3.00E01] <LOD [0.00E+0( 2.53E03] <LOD |0.00E+0(d 2.53E03| <LOD |0.00E+0Q 2.53E03
Putative out at first protein lij
AOA06112S4 |protein (Fragment) 5.67E02 | 6.50E02| <LOD [0.00E+0Q 1.52E01| <LOD [0.00E+0( 1.52E01] <LOD [0.00E+0Q 1.52E01] <LOD [0.00E+0( 1.52E01] <LOD |[0.00E+0(d 1.52E01| <LOD |0.00E+0q 1.52E01
GS3IEB7 Out at first proteirike 5.65E02 | 9.79E02| <LOD [0.00E+0q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD [0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01] <LOD [0.00E+0Q 3.14E01
Calciumdependent seril|
G3GURO proteinase 5.60E02 | 2.69E02| <LOD [0.00E+0( 1.00E02| <LOD [0.00E+0( 1.00E02| <LOD [0.00E+0( 1.00E02| <LOD |0.00E+0( 1.00E02| <LOD |0.00E+0d 1.00E02| <LOD [0.00E+0Q 1.00E02
G3HC84 Heat shock protein HSP ikt 5.58E02 | 3.20E02 | <LOD |0.00E+0d 1.97E02| <LOD [0.00E+0( 1.97E02| <LOD [0.00E+0q 1.97E02| <LOD [0.00E+0q 1.97E02| <LOD |0.00E+0d 1.97E02| <LOD |0.00E+0(q 1.97E02
AOA061IKAL |Lipoprotein lipase 5.50E02 | 1.83E02| <LOD [0.00E+0( 2.13E03| <LOD [0.00E+0( 2.13E03| <LOD [0.00E+0d 2.13E03| <LOD |0.00E+0( 2.13E03| <LOD |0.00E+0(¢ 2.13E03] <LOD [0.00E+0q 2.13E03
1.98E 1.94E
G3HDQ2 Malate dehydrogenase 5.49E02 | 0.00E+0( <LOD [0.00E+0( 0.00E+0( <LOD [0.00E+0(0.00E+0(] 02 1.72E02| 1.07E02 02 1.68E02| 9.53E03| <LOD |0.00E+0(0.00E+0(] <LOD [0.00E+0( 0.00E+0(
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
G3IH84 Arylsulf; A 5.45E02 | 3.64E02| <LOD [0.00E+0q 3.36E02| <LOD [0.00E+0( 3.36E02| <LOD [0.00E+0( 3.36E02| <LOD [0.00E+0Q 3.36E02| <LOD |0.00E+0(d 3.36E02| <LOD |0.00E+0(Q 3.36E02
Tyrosineprotein kinase BT
AO0A061HV35 |isoform 2 5.29E02 | 0.00E+0( <LOD [0.00E+0(Q 0.00E+0( <LOD [0.00E+0(0.00E+0(] <LOD [0.00E+0(Q0.00E+0( <LOD [0.00E+0(Q0.00E+0(] <LOD |0.00E+0d0.00E+0(] <LOD |0.00E+0(0.00E+0(
B8Y440 Sialidase | 5.23E02 | 5.64E02| <LOD [0.00E+0( 1.33E01| <LOD [0.00E+0( 1.33E01] <LOD [0.00E+0(Q 1.33E01] <LOD [0.00E+0( 1.33E01] <LOD |[0.00E+0(d 1.33E01| <LOD |0.00E+®|1.33E01
G3H7B3 Galectin 5.14E02 | 3.56E02| <LOD [0.00E+0Q 3.82E02| <LOD [0.00E+0( 3.82E02| <LOD [0.00E+0Q 3.82E02| <LOD [0.00E+0Q 3.82E02| <LOD |0.00E+0( 3.82E02| <LOD |0.00E+0(Q 3.82E02
G3HXN7 Betahexosaminidase 4.99E02 | 0.00E+0( <LOD |0.00E+0d0.00E+0( <LOD |0.00E+0(]0.00E+0(] <LOD |0.00E+0q0.00E+0(J <LOD |0.00E+0(0.00E+0( <LOD [0.00E+0J0.00E+0(] <LOD |0.00E+0¢0.00E+0Q
Basement membrarspecifig
heparan sulfate proteoglyd
G3HIM1 core protein 4.99E02 | 1.99E02| <LOD |0.00E+0( 4.68E03| <LOD |0.00E+0( 4.68E03| <LOD |0.00E+0( 4.68E03| <LOD |0.00E+0( 4.68E03| <LOD |0.00E+0(Q 4.68E03|1.03E03| 1.78E03 | 5.20E03
G3HZD1 TenascirX 4.97E02 | 4.31E02| <LOD |0.00E+0Q 7.58E02| <LOD |0.00E+0( 7.58E02| <LOD |0.00E+0( 7.58E02| <LOD |0.00E+0( 7.58E02] <LOD [0.00E+0q 7.58E02]1.25E-03| 2.17E03| 8.16E02
Peptidytglycine alphaj
G3HQD5 amidating monooxygenase B| 4.93E02 | 2.44E02| <LOD [0.00E+0q 1.13E02| <LOD |0.00E+0( 1.13E02| <LOD |0.00E+0d 1.13E02| <LOD |0.00E+0(d 1.13E02| <LOD |0.00E+0(¢ 1.13E02] <LOD [0.00E+0q 1.13E02
AOA06118U9 |Betahexosaminidase 4.79E02 [ 4.23E02| <LOD |0.00E+0( 7.95E02| <LOD |0.00E+0( 7.95E02| <LOD |0.00E+0( 7.95E02| <LOD |0.00E+0( 7.95E02| <LOD |0.00E+0Q 7.95E02| <LOD [0.00E+0Q 7.95E02
ADA0611019 |Proteasome subunit alpha ty] 4.78£02 | 2.07E02| <LOD [0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03] <LOD [0.00E+0q 6.57E03
G3H584 SPARC 4.73E02 | 4.09E02 | <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02] <LOD [0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02
Glyceraldehyde-phosphate
G3I1S5 dehydrogenase 4.72E02 | 8.17E02| <LOD |0.00E+0d 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0(¢ 3.14E01] <LOD [0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01
Synaptic vesicle membrar
G3HMO03 protein VAT-1-like 4.68E02 | 2.03E02| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03] <LOD [0.00E+0Q 6.57E03| <LOD |0.00E+0( 6.57E03
AOA06116V4 |Laminin subunit betd 4.67E02 | 4.08E02| <LOD |0.00E+0Q 7.72E02| <LOD |0.00E+0( 7.72E02| <LOD |0.00E+0( 7.72E02| <LOD |0.00E+0( 7.72E02| <LOD |0.00E+0q 7.72E02| <LOD [0.00E+0Q 7.72E02
Activated RNA polymerase
G3HXH6 transcriptional coactivator p14 4.66E02 | 4.04E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(q 7.56E02| <LOD [0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02
Heterogeneous nuclg
G3H2J8 ribonucleoproteins A2/B1 4.60E02 | 1.99E02 | <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+00| 6.57E03] <LOD [0.00E+0Q 6.57E03| <LOD |0.00E+0( 6.57E03
3.85E
AOA061HUL1 |FilaminA 4.55E02 | 2.34E02| <LOD |0.00E+0q 1.30E02| <LOD |0.00E+0( 1.30E02 03 3.78E03| 1.91E02| <LOD [0.00E+0( 1.30E02| <LOD |0.00E+0(d 1.30E02| <LOD |0.00E+0q 1.30E02
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
G3HSE4 Proteasome subunit alpha tyg 4.52E02 | 1.96E02| <LOD |0.00E+0(d 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD [0.00E+0Q 6.57E03| <LOD [0.00E+0Q 6.57E03| <LOD |0.00E+0d 6.57E03| <LOD |0.00E+0(q 6.57E03
T-complex protein 1 subu
G3GT05 theta 4.50E02 | 4.50E02| <LOD |0.00E+0( 1.11E01| <LOD |0.00E+0(¢ 1.11E01| <LOD |0.00E+0(¢ 1.11E01| <LOD |0.00E+0( 1.11E01] <LOD [0.00E+0qQ 1.11E01| <LOD |0.00E+0( 1.11E01
Copper  transport  prote| 4.66E
G3H585 ATOX1 4.50E02 | 7.80E02 | <LOD |0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01 02 8.07E02| 9.80E01| <LOD [0.00E+0d 3.14E01]4.65E02| 8.05E02 [ 9.81E01
AOA061HWS2 Protein disulfideisomerase 4.48E02 | 1.11E02| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(] 5.46E04| <LOD |0.00E+0(q 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD [0.00E+0Q 5.46E04| <LOD |0.00E+0( 5.46E04
G3HAP7 Glutathione synthetase 4.47E02 | 3.99E02 | <LOD |0.00E+0Q 8.21E02| <LOD |0.00E+0( 8.21E02| <LOD |0.00E+0( 8.21E02| <LOD |0.00E+0( 8.21E02] <LOD [0.00E+0Q 8.21E02| <LOD |0.00E+0( 8.21E02
G3HWE7? Dickkopf-related protein 3 4.35E02 | 3.99E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0( 8.83E02| <LOD |0.00E+0(Q 8.83E02| <LOD [0.00E+0( 8.83E-02
4.89E 1.86E
G3lIB1 Sialate Gacetylesterase 4.34E02 | 1.88E02| <LOD |0.00E+0Q 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03 03 8.48E03| 1.53E02 02 3.22E02| 2.54E01|1.15E02| 9.99E03 | 3.38E02
Thioredoxin domaircontaining
G3HD97 protein5 4.32E02 | 2.16E02| <LOD |0.00E+0( 1.17E02| <LOD |0.00E+0( 1.17E02| <LOD |0.00E+0(¢ 1.17E02| <LOD |0.00E+0( 1.17E02| <LOD [0.00E+0q 1.17E02| <LOD |0.00E+0( 1.17E02
4.77E 4.90E 1.86E 3.89E 141E
G3I3K5 G-protein coupled receptor 54 4.31E02 | 1.49E02 03 8.26E03| 7.35E03 03 8.49E03] 7.66E03 02 1.62E02 | 8.37E02 03 6.73E03| 5.65E03 02 1.37E02| 3.93E02|4.45E03| 7.71E03 | 6.67E03
4.60E 4.49E 3.51E 4.30E 1.85E
G3H3K7 Chitinase3-like protein 1 4.16E02 | 3.60E02 03 7.96E03| 1.10E01 03 7.77E03| 1.09E01 02 1.50E02| 7.61E01 03 7.45E03| 1.07E01 02 8.66E03| 2.82E01] <LOD |0.00E+0( 7.56E02
G3H1K9 Alphaactinin-1 4.15E02 | 2.41E02| <LOD |0.00E+0( 2.07E02| <LOD |0.00E+0( 2.07E02| <LOD |0.00E+0( 2.07E02| <LOD |0.00E+0(¢ 2.07E02| <LOD [0.00E+0q 2.07E02| <LOD |0.00E+0( 2.07E-02
Alpha-N-
G3HLX3 acetylglucosaminidase 4.00E02 | 6.92E03| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0( 9.99E05| <LOD |0.00E+0(¢ 9.99E05| <LOD [0.00E+0Q 9.99E05| <LOD |0.00E+0( 9.99E05
G3H217 Pentraxinrelated protein PTX{ 3.95E02 | 1.37E02| <LOD |0.00E+0d 2.53E03| <LOD [0.00E+0( 2.53E03| <LOD [0.00E+0Q 2.58E03| <LOD [0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0(q 2.53E03
5.54E 2.19E
G3l14w7 Cathepsin D 3.78E02 | 1.31E02| <LOD [0.00E+0Q 2.53E03] <LOD [0.00E+0( 2.53E03 02 3.60E02| 4.14E01 02 2.06E02| 2.62E01| <LOD [0.00E+0( 2.53E03] <LOD |0.00E+0(q 2.53E03
Glutathione Sransferase A4 1.34E 1.25
AOA061I6A0 |like protein 3.72E02 | 6.44E02| <LOD [0.00E+0(q 3.14E01 02 2.32E02| 5.31E01 02 2.17E02| 5.14E01| <LOD |0.00E+0q 3.14E01| <LOD [0.00E+00| 3.14E01] <LOD |0.00E+0( 3.14E01
P50309 Glucose6-phosphate isomera] 3.70E02 | 9.16E03| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0d 5.46E04| <LOD |0.00E+0( 5.46E04| <LOD |0.00E+0(d 5.46E04| <LOD [0.00E+0(Q 5.46E04
Aldose reductserelated
008782 protein 2 3.67E02 | 1.59E02| <LOD [0.00E+0q 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+0d 6.57E03| <LOD |0.00E+0( 6.57E03| <LOD |0.00E+0( 6.57E03] <LOD [0.00E+0q 6.57E03
G3HLK3 Granulins 3.65E02 | 1.81E02| <LOD [0.00E+0q 1.13E02| <LOD [0.00E+0( 1.13E-02| <LOD [0.00E+0q 1.13E02]| <LOD |0.00E+0( 1.13E02| <LOD |0.00E+0d 1.13E02] <LOD [0.00E+0q 1.13E02
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
Procollagen  @ndopeptidad 1.88E 6.41E
G31664 enhancer 1 3.62E02 | 3.62E02| <LOD [0.00E+0Q 1.11E01| <LOD [0.00E+0( 1.11E01 02 1.90E02| 4.47E01| <LOD |0.00E+0q 1.11E01 03 1.11E02| 1.88E01|1.28E02| 1.11E02| 2.94E01
1.67E 2.24E 3.26E 1.08E 1.71E
G3HAI3 Follistatinrelated protein 1 3.57E02 | 1.77E02 02 1.65E02| 1.87E01 02 9.22E03 | 2.53E01 02 1.64E02| 8.10E01 02 9.39E03| 6.10E02 02 1.75E02] 2.06E01]3.22E02| 6.95E04 | 7.59E01
Membrane frizzledelates
AOA06114Z7 |protein isoform 2 3.51E02 | 7.60E03| <LOD [0.00E+0( 2.91E04| <LOD [0.00E+0( 2.91E04| <LOD [0.00E+0( 2.91E04| <LOD [0.00E+0( 2.91E04| <LOD |0.00E+0(d 2.91E04| <LOD |0.00E+0Q 2.91E04
Purine nucleosid
AOAO061ILE8 |phosphorylastike protein 3.51E02 | 3.04E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD [0.00E+00| 7.56E02| <LOD |0.00E+0(d 7.56E02| <LOD |0.00E+0Q 7.56E02
4.06E 4.42E
AOA061IKY1 |Decorin 3.48E02 | 1.16E02| <LOD [0.00E+0q 2.13E03| <LOD [0.00E+0( 2.13E03 03 7.03E03| 7.10E03| <LOD |0.00E+0(q 2.13E03 03 7.65E03| 8.22E038.22E03| 7.12E03 | 1.63E02
3.56E
G3H8F4 Dystroglycan 3.44E02 | 1.58E02| <LOD [0.00E+0Q 8.28E03| <LOD [0.00E+0( 8.28E03| <LOD [0.00E+0( 8.28E03 03 6.17E03| 1.68E02| <LOD [0.00E+0( 8.28E03] <LOD [0.00E+0( 8.28E03
CMP-N-acetylneuraminate
betagalactosamidalpha2, 3
G3INL9 sialyltransferase 3.43E02 | 1.48E02| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+0( 6.57E03| <LOD [0.00E+0( 6.57E03] <LOD [0.00E+0Q 6.57E03| <LOD |0.00E+0(d 6.57E03| <LOD |0.00E+0Q 6.57E03
1.00E 5.04E
AO0A061HUUL| Tubulin alphalB chain 3.41E02 | 3.04E02| <LOD [0.00E+0Q 8.21E02| <LOD [0.00E+0( 8.21E02 02 8.70E03| 2.01E01 03 8.73E03| 1.36E01| <LOD [0.00E+0( 8.21E02] <LOD |0.00E+0( 8.21E02
5.04E
ADA06111Q2 |Vitamin K-dependent protein | 3.41E02 | 4.70E02| <LOD [0.00E+0Q 2.19E01| <LOD |0.00E+0( 2.19E01| <LOD |0.00E+0( 2.19E01 03 8.73E03| 2.926-01| <LOD [0.00E+0( 2.19E01] <LOD |0.00E+0(q 2.19E01
G3GUV4 Stromelysin2 3.41E02 | 1.07E02| <LOD [0.00E+0q 1.65E03| <LOD [0.00E+0( 1.65E03| <LOD [0.00E+0( 1.65E03| <LOD |0.00E+0( 1.65E03| <LOD |0.00E+0(d 1.65E03] <LOD [0.00E+0q 1.65E03
Actin-related  prtein  2/3
G3GX96 complex subunit 4 3.38E02 | 2.93E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(d 7.56E02] <LOD [0.00E+0Q 7.56E02
EGFcontaining fibulinlike
055058 extracellular matrix protein 2 | 3.37E02 | 1.17E02| <LOD [0.00E+0q 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0( 2.53E03| <LOD |0.00E+0(d 2.53E03] <LOD [0.00E+0q 2.53E03
G3I9D3 Proteasome subunit beta typd 3.34E02 | 0.00E+0J <LOD |0.00E+0( 0.00E+0( <LOD |0.00E+0(0.00E+0(] <LOD [0.00E+0(0.00E+0( <LOD [0.00E+0(0.00E+0( <LOD |0.00E+0Q0.00E+0(] <LOD [0.00E+0q0.00E+0(
Prothymosin alphdike proteir]
AOAO061IEWS |(Fragment) 3.33E02 | 5.77E02| <LOD [0.00E+0q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD [0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0( 3.14E01] <LOD [0.00E+0Q 3.14E01
Prostaglandin reductase-lite 1.39E 5.99E 7.59E
AOAO061ILIO _|protein 3.32E02 | 4.15E02| <LOD [0.00E+0q 1.82E01| <LOD [0.00E+0( 1.82E01 02 2.42E02| 4.72E01 03 1.04E02| 2.72E01 03 1.31E02| 3.06E01| <LOD [0.0CE+00| 1.82E01
G3IIG1 Carboxylic ester hydrolase 3.22E02 | 3.22E02| <LOD [0.00E+0( 1.11E01| <LOD [0.00E+0( 1.11E01] <LOD [0.00E+0(Q 1.11E01] <LOD [0.00E+0(Q 1.11E01| <LOD |0.00E+0d 1.11E01]| <LOD |0.00E+0q 1.11E01
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Table E.2(continued).

Capto | Capto
Feed Feed 4HP 4HP 6HP 6HP 4AMP 4AMP 6MP 6MP Capto | Capto Q Adhere | Adhere | Capto
Accession Mean | SAFSt| Mean | SAFSt | 4HP Mean | SAF St | 6HP Mean | SAF St | 4MP Mean | SAFSt | 6MP |Q Mean| SAF St | Capto Q| Mean | SAF St | Adhere
Number Protein Description SAF Dev SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value | SAF Dev p-value
1.68E
G3H577 Ganglioside GM2 activator 3.21E02 | 2.78E02| <LOD [0.00E+0Q 7.56E02| <LOD [0.00E+0( 7.56E02 02 2.91E02| 4.97E01| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(q 7.56E02] <LOD [0.00E+0( 7.56E02
Phosphatidylethanolamine
G3GU60 binding protein 1 3.19E02 | 2.76E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02|] <LOD [0.00E+0Q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(Q 7.56E02
G3H2P3 Betagalactosidase (Fragmen| 3.17E02 | 2.08E02 | <LOD |0.00E+0q 3.16E02| <LOD [0.00E+0( 3.16E02| <LOD [0.00E+0d 3.16E02| <LOD [0.00E+0d 3.16E02| <LOD |0.00E+0( 3.16E02| <LOD |0.00E+0(Q 3.16E02
G3H2W6 Extracellular matrix protein 1| 3.16E02 | 0.00E+0( <LOD |0.00E+0(Q 0.00E+0( <LOD |0.00E+0(0.00E+00] <LOD [0.00E+0(J0.00E+0( <LOD [0.00E+0d0.00E+0( <LOD |0.00E+0Q0.00E+0(] <LOD |0.00E+0(0.00E+0(
G3GXS2 EMILIN-1 3.11E02 | 1.94E02| <LOD [0.00E+0( 2.68E02| <LOD [0.00E+0( 2.68E02| <LOD [0.00E+0( 2.68E02| <LOD |0.00E+0( 2.68E02| <LOD |0.00E+0( 2.68E02| <LOD [0.00E+0q 2.68E02
3.92E
G3H4T5 Glypicanl 3.10E02 | 6.71E03| <LOD [0.00E+0Q 2.91E04| <LOD [0.00E+0( 2.91E04 03 6.78E03| 2.72E03| <LOD [0.00E+0( 2.91E04| <LOD |0.00E+0q 2.91E04| <LOD |0.00E+0(Q 2.91E04
2.20E 1.96E
G3HG25 Laminin subunit gamma 3.10E02 | 1.68E02| <LOD [0.00E+0q 1.59E02 03 3.82E03] 2.29E02 03 3.39E03| 2.18E02| <LOD [0.00E+0(d 1.59E02| <LOD |0.00E+0(d 1.59E02]2.00E03| 3.46E03| 2.20E02
6.54E 3.00E
G3H3E6 Metalloproteinase inhibitor 2 | 3.10E02 | 2.69E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02 02 2.80E02| 1.46E01 02 2.62E02|9.61E01| <LOD [0.00E+0( 7.56E02] <LOD |0.00E+0(q 7.56E02
G3HzZD3 TenascirX 3.05E02 | 5.29E02| <LOD [0.00E+0q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD [0.00E+0Q 3.14E01] <LOD [0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.0CE+00| 3.14E01
Lysosomal Prex
G3HUI4 carboxypeptidase 3.01E02 | 1.04E02| <LOD [0.00E+0Q 2.53E03] <LOD [0.00E+0( 2.53E03| <LOD [0.00E+0( 2.53E03] <LOD [0.00E+0( 2.53E03] <LOD |0.00E+0(d 2.53E03| <LOD |0.00E+0( 2.53E03
G3H8Y5 Collagen alphd.(VI) chain 3.00E02 | 6.49E03| <LOD [0.00E+0q 2.91E04| <LOD [0.00E+0( 2.91E04| <LOD [0.00E+0Q 2.91E04| <LOD |0.00E+0( 2.91E04| <LOD |0.00E+0(d 2.91E04| <LOD [0.00E+0q 2.91E04
G3GTX5 Amyloid-like protein 2 2.98E02 | 7.37E03| <LOD [0.00E+0( 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD [0.0CE+00| 5.46E04| <LOD [0.00E+0( 5.46E04| <LOD |0.00E+0(d 5.46E04| <LOD |0.00E+0(Q 5.46E04
G3H7z2 Transgelin 2.98E02 | 2.58E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(d 7.56E02] <LOD [0.00E+0Q 7.56E02
G3HK87 Spondin2 2.95E02 | 0.00E+0( <LOD [0.00E+0( 0.00E+0(] <LOD [0.00E+0(0.00E+0(] <LOD [0.00E+0(0.00E+0( <LOD [0.00E+0(Q0.00E+0(] <LOD [0.00E+0d0.00E+0(] <LOD |0.00E+0(0.00E+0(
G3HWC3 Ezrin 2.89E02 | 2.50E02| <LOD [0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0Q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(d 7.56E02] <LOD [0.00E+0Q 7.56E02
Nascent polypeptidassociate
complex subunit alpha, muse}
G3HRMS8 specific form 2.87E02 | 2.87E02| <LOD [0.00E+0( 1.11E01| <LOD [0.00E+0( 1.11E01| <LOD [0.00E40|1.11E01| <LOD |0.00E+0(d 1.11E01| <LOD |0.00E+0¢ 1.11E01] <LOD [0.00E+0q 1.11E01
3.06E
G3HLWS5 Rasrelated protein RabC 2.84E02 | 2.46E02| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0( 7.56E02 02 2.66E02| 9.08E01| <LOD |0.00E+0q 7.56E02| <LOD [0.00E+0( 7.56E02] <LOD |0.00E+0(q 7.56E02
G3HCO01 Tropomyosin alphd& chain 2.82E02 | 4.89E02| <LOD [0.00E+0Q 3.14E01| <LOD [0.00E+0( 3.14E01| <LOD [0.00E+0( 3.14E01] <LOD [0.00E+0Q 3.14E01| <LOD |0.00E+0( 3.14E01| <LOD |0.00E+0(Q 3.14E01
G3H8C9 Semaphorir8B 2.81E02 | 1.84E02| <LOD [0.00E+0q 3.16E02| <LOD [0.00E+0( 3.16E02| <LOD [0.00E+0d 3.16E02| <LOD |0.00E+0( 3.16E02| <LOD |0.00E+0( 3.16E02] <LOD [0.00E+0Q 3.16E02
Proteasome activator comp|
G3HDES subunit 1 2.72E02 | 2.36E02| <LOD [0.00E+0q 7.56E02]| <LOD [0.00E+0( 7.56E02| <LOD [0.00E+0q 7.56E02| <LOD |0.00E+0( 7.56E02| <LOD |0.00E+0(d 7.56E02] <LOD [0.00E+0q 7.56E02
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