ABSTRACT

NGUYEN, VIVI LE. A Method to Quantify In-Situ Growth Rates of a Filament and a Floc-
former Using Real-time Quantitative PCR. (Under the direction of FrancisL. de los Reyes

).

Filamentous bulking is a common problem in activated sludge wastewater treatment
plants caused by the excessive growth of filamentous bacteria. To date, engineering controls
have not proven consistent in eliminating the problem; therefore focus has shifted in recent
years to investigating the mechanisms of floc-filament competition. Two models which
attempt to explain this competition are the kinetic selection theory and the diffusion
limitation model. The kinetic selection theory cites differences in kinetic parameters as the
cause of variation in filament/floc-former ratio. At high substrate concentrations, floc-
formers out-compete filaments whereas filaments are favored at lower substrate
concentrations. The diffusion limitation model assumes equal kinetic parameters and cites

the difference in morphology as the mechanism for bulking.

The goal of this project isto develop a species-specific method to quantify the in-situ
growth rate of one filament and one floc-former in activated sludge. Growth rate isan
important parameter in modeling of activated sludge which has been, until now, estimated
using non-species specific methods. The method proposed here will allow future researchers
to determine the effect of different operating conditions on the growth rate of a given species,

both experimentally and through modeling efforts.



It has been shown for a number of different organisms that RNA level increases as
growth rate increases. Chemostats were used to study pure cultures of Sphaerotilus natans,
asthe representative filament, and Arthrobacter globiformis, as the representative floc-
former, to determine the relationship between growth rate and RNA:DNA ratio for each
gpecies. Real-time gPCR and reverse transcription real-time gPCR were used to measure
DNA and RNA levels respectively. The relationship between RNA:DNA ratio and growth
rate was found to be positive and linear, R? of 0.58 and 0.98 for S natans and A. globiformis
respectively. Thisrelationship was used to determine in-situ growth rate of S, natansin
activated sludge from the aeration basin of the North Cary WWTP and in samples collected
from a previous study on the effect of different substrates on bulking. A. globiformis could
not be detected in any of the WWTP samples. This study represents the first time gPCR and

RT-gPCR have been used to quantify in-situ microbial growth ratesin activated sludge.
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Introduction

Activated sludge for wastewater treatment is the most common use of biotechnology
intheworld. Well settling, flocculated sludge is vital to the proper function of such systems.
Filamentous bulking is a major problem in activated sludge wastewater treatment caused by
excessive growth of filamentous organisms. Filaments prevent sludge from settling,
compacting, or both by bridging flocs or causing loosely formed flocs, depending on the
causative filament. Poorly settling sludge can lead to loss of solids in the aeration basin and
in severe cases, can cause solids overflow in the secondary clarifier and hydraulic overload
of solids separation equipment. Many studies have reported bulking problems in wastewater
treatment plants (WWTPs) worldwide (30).

To date, most studies have focused on engineering methods to solve the bulking
problems (19). Oxidation using chemicals such as chlorine and ozone is the most common
method of treating bulking sludge. However, these non-specific solutions only treat the
symptoms of the problem, and will therefore require continuous and consequently costly
treatment.

More knowledge about the microorganisms (identification, growth requirements, and
physiology) responsible for bulking, is needed in order to develop specific treatment methods.
As aresult, work has recently shifted to molecular methods to study these microorganisms.
Methods such as fluorescence in-situ hybridization (FISH) and real-time PCR have opened
the doors to new understanding of these organisms by allowing researchers to sudy them
with species level specificity in-situ. FISH has been used extensively to study biofilms,

activated sludge floc and even to relate species levels to bulking (27). Real-time PCR has



been used to correlate filament levels with bulking events (49) and to quantify Microthrix
parvicella (21) but to date, no one has used molecular methods to measure the in-situ growth
rate of filamentous bacteriain activated sludge.

The objective of thiswork wasto develop and validate a method for measuring the
growth rate of Sohaerotilus natans (SNA), afilament, and Arthrobacter globiformis (AGF), a
floc-former, in activated sludge. The approach is to correlate growth rate with the 16S
rRNA:DNA ratio. RNA has been shown to be positively correlated with growth rate for a
number of microorganisms including E. coli, S typhimurium (26), A. aerogenes (4), various
marine bacteria isolates (24) and resin-acid-degrading bacteria (34). The amount of DNA
within a cell does not change with growth rate and therefore serves as a measure of biomass
to normalize RNA content. RNA and DNA were quantified with gPCR and RT-gPCR
respectively. Thethesisisdivided into four sections: a literature review, gPCR and RT-
gPCR assay development, chemostat reactor experiments to determine the 16S rRNA:DNA
versus growth rate curve and using the assay to determine the in-situ growth rate of SNA and

AGF in activated sludge.



1 Literature Review

11 Introduction

Filamentous bulking is a potentially serious and costly problem in activated dudge
(AS) wastewater treatment plants (WWTPs). It has been estimated that bulking isa
prevalent problem in as many as half of the AS WWTPs worldwide (50). The literature
review isaimed at providing the reader with adequate background information to form a
basis of understanding for the work presented. Topics to be discussed are: factors affecting
growth rate of filamentous bacteria, techniques used to treat bulking, competition
mechanisms between filaments and floc-formers and a review of methods used to measure

bacterial growth rate.

12 Factors Affecting Growth Rate

The factors affecting growth of filamentous organisms are the same as those affecting
all other types of organisms in activated sludge. These can be categorized as wastewater
characteristics, process design parameters or treatment plant operation conditions.
Wastewater characteristics which affect bulking are: nutrient balance (N and P
concentrations) and the presence of certain substrates such as readily metabolizable soluble
organics, dissolved sulfide, lipids, and particulate substrates such as starch. Treatment plant
operating conditions which can affect bulking are dissolved oxygen (DO) concentration, pH

and temperature.



Process design parameters affecting bulking include: net growth rate (MCRT, F/M),
aeration basin configuration and redox conditions, wastewater feeding regime and upstream

biological treatment units, sewer surfaces and in-plant surfaces (19).

1.3 Techniquesto Control Bulking

Techniques for controlling bulking include non-specific methods which affect al
microorganisms within the system, and specific methods targeting only filamentous
organisms through metabolic and physiological control. Non-specific bulking control
methods include: manipulation of return activated sludge (RAS) flow rates and aeration basin
feed points, addition of chemicals and inert solids to enhance activated sludge settling rates
and addition of various types of oxidants (chlorine, hydrogen peroxide, ozone,

filamenticides) (19).

Specific methods of bulking control require knowledge of the causative organisms so
that process design parameters and treatment plant operating conditions can be tailored to
select for floc-forming over filamentous bacteria. Techniques that have been used include
adjusting nutrient concentrations (nitrogen, phosphorous, sulfur), changing the aeration basin
configuration or feeding regime, and the use of metabolic selectors. The term selector was
devised by Chudobaet a. (7) to refer to an AS system configuration which contains
compartmentalized regions of differing conditions which select for certain groups of
organisms and against others. Selectors have been proven to successfully control bulking in
many cases, however they are not aways successful, and more research is needed about the

causative organisms to devise more efficient ways to control the problem.



14 Competition mechanisms

The engineering approaches discussed previously have had variable successin
eliminating bulking problems. A large body of literature explores competition between floc-
forming and filamentous organisms. Understanding the competition mechanism may unlock
the door to finding a cure for activated sludge bulking. The kinetic selection theory (KST) is
the most widely cited theory for explaining floc-filament competition. This theory, based on
Monod kinetics, presumes different growth constants (mmnax and K) for different organisms.
Applied to activated sludge, this means that filaments should prevail at conditions with low
substrate concentration because they are low K organisms and vice versa for floc-forming
organisms. Thistheory necessitates the concept that at long, steady state incubations
competitive exclusion occurs and only one type of organism will eventually take over

completely (7).

Diffusion limitation theory statesthat filaments are always present within sludge flocs,
and that bulking occurs under low substrate conditions due to the ability of filaments to grow
outside the floc. In diffusion-based selection (DBYS), kinetic parameters are presumed to be
equal for both types of organisms and bulking is explained by morphology. Under diffusion
dominated conditions (low substrate concentration), bulking occurs because filaments gain
an advantage by extending outside of the floc toward substrate. Under high substrate

conditions, filaments gain no such advantage and so remain inside the floc (30).



15 Measuring Growth Rate

The terms metabolism, metabolic activity, activity and microbial growth have all
been used, sometimes interchangeably, in reference to the growth rate of bacteria.
Metabolism, metabolic activity, and activity are terms which refer to both anabolic and
catabolic reactions within the cell. Growth however refers to the ability of cellsto divide and
create new biomass (40). Measuring metabolic activity isimportant for applications where
the interest is in degradation of substrates or consumption of areactant. For applicationsin
which cell numbers or volume of biomass is the important factor, such as in filamentous

bulking, knowing the in-situ growth rate of a specific organism is most advantageous.

Numerous methods have been used to characterize growth rates of bacteria. These
methods can be categorized as either direct or indirect methods. Direct methods include
microscopy and plate counts. Indirect methods require correlation of growth rate with some
external factor which can be measured. This factor is quantified for environmental samples,
and growth rate is then determined using the correlation. Factorsthat have been used include
turbidity, biomass, total nitrogen or protein, incorporation of labeled nucleic acid precursors,
and amount of nucleic acids themselves, in particular RNA. The following sections provide

areview of direct and indirect methods for measuring growth rates of bacteria.

151 Direct counts

Microbial growth can be evaluated directly by counting cells under a microscope at

two pointsintime. The hemocytometer is a device commonly used to count cells. Itis



essentially a microscope dide with a chamber of known volume with a grid which has
specific dimensions so that the number of cells counted in a sample can be used to calculate
the concentration in the original culture. Though this method is used extensively to
enumerate bacteriain culture, it has severe shortcomings limiting usefulness for enumerating
cellsin environmental samples. Considering the limited number of possible cell
morphologies versus the number of species of bacteria currently known, it islogical to see
that most cells are not different enough to be easily identifiable under a microscope. As such,
measuring growth rate of a single species within mixed cultures under a microscope is
practically impossible. 1n addition, microscopy cannot distinguish between live, dead and
live but not growing cells. Including dead and non-growing cells in the count will
underestimate the growth rate of the active population. Other limitations are that
concentrations under 10° cells’'mL are generally too dilute to be counted, small cells are
difficult to count, and cells prone to forming flocs or filaments cannot be distinguished and

therefore do not provide accurate numbers with this technique (29).

Fluorescent stains such as fluorescein diacetate (FDA), acridine orange (AO), 4,6-
diamidino-2-phenylindole (DAPI) and fluorescein isthiocyanate (FITC) can enhance
microscopy by making cells easier to see and also by allowing for discrimination between
live and dead cells. Though using stains will increase accuracy of counting by making cells
easier to visualize, the stains act indiscriminately and will stain all types of cells, therefore
even with fluorescent staining, microscopy cannot be used for species specific measurements

(29).



Plate counts are an alternative to microscopy which does differentiate between live
and dead cells however, creates the great bias of only allowing enumeration of cultivable
cells. It has been estimated that only 1-10% (28) of microorganisms can be cultured under
laboratory conditions. Plate counts have been used for decades to enumerate bacteria,
however, this technique is not capable of accurately representing mixed culture

environmental samples.

152 Turbidity

Turbidity, a measure of the cloudiness of a liquid sample, is quantified with a
spectrophotometer. A spectrophotometer measures optical density (OD), which is the degree
to which a sample transmits light. Particles, or cells, within aliquid sample scatter light
therefore preventing some amount from passing through the sample. A direct relationship
(over acertain range of turbidities) exists between number of bacteria and amount of
scattered light. Using turbidity to measure the growth rate of bacterial cellsrequires
generation of a standard curve which relates some measure of cells (number or mass) to
optical density (OD). This method, though relatively quick and easy, inherently has many of
the same limitations as the direct methods. A spectrophotometer cannot differentiate
between live cells, dead cells or other material present in the sample nor can it differentiate
between different microorganism species. Turbidity is a useful measurement for
enumerating cells in pure culture but cannot be used to measure species specific growth rate

within mixed cultures (28).



153 Total protein

Total protein can be used to quantify changes in biomass due to cell growth. The
three most common methods used for quantifying total protein are the Lowry, Bradford and
bicinchoninic acid (BCA) assays. All three assays are based on the binding of different
reagents with the protein in asample. The reaction induces a color change which can be
detected spectrophotometrically. Choosing the best assay depends on the type of sample
being analyzed (pure or mixture of proteins) and the potential for interference by sample
components. The major limitation for use of total protein measurements for quantitation of
environmental samples isthat none of the assays mentioned above can differentiate the
source of protein. Therefore protein in environmental samples coming from plants and
microscopic animals will also be detected. A more common method of determining growth
rateis by measuring rate of protein synthesis by leucine incorporation, discussed in Section

1.5.4.4.

154 Incorporation of labeled nucleic acid precursors

Incorporation of labeled nucleic acid precursorsis an established method for
measuring the in-situ growth rate of microorganisms. Among the labeled precursors used are

tritiated thymidine, tritiated adenine, tritiated leucine and bromodeoxyuridine.

Except for leucine, which is incorporated into protein, the general principle is that
microorganisms favor incorporation of exogenous nucleic acid precursors over de novo
synthesis and the rate of incorporation of these precursorsis proportional to nucleic acid

synthesis and therefore growth rate. If the nucleic acid precursor is labeled in a quantifiable



manner, the growth rate of the bacteria can be determined by measuring the rate of nucleic

acid synthesis.
1541 Tritiated thymidine

The tritiated thymidine growth assay is perhaps the most well known method of this
type (2, 11, 32, 48). This method quantifies the amount of [*H]thymidine incorporated into
DNA to determine the increase in new bacterial cells per unit time (growth). Cellsare
incubated with [*H]thymidine for a short period of time, then DNA is extracted, and the

amount of [*H]thymidine is quantified with a scintillation counter.

Bacterial growth rates are calculated from the assumptions that thymine bases are
approximately 25% of total DNA bases and that the average genome size of DNA of bacteria
are 4 X 10™ g DNA per cell (31). Thefactor converting [*H]thymidine incorporation to new
cells has been determined both empirically and theoretically, the mean value of which is 2 x

10° cells nmol™ (32, 40).

The tritiated thymidine method requires short incubation periods to reduce artifacts
created by extended incubation of environmental samples. This requirement also makes it
convenient for field studies. Thymidine kinase is the enzyme which converts thymidine to
dTMP. Itisrequired in order for the labeling of DNA to occur to significant extent. Fungi,
microalgae and cyanobacteria and many eucaryotic organisms do not have thymidine kinase,
therefore, unlike with protein measurements, this assay is specific for bacteria. Perhaps the

most significant advantage of the tritiated thymidine assay isthat it is culture and biomass

10



independent, which means it can be used to evaluate the growth rate of microorganisms in-

situ.

Though the technique is well accepted, it is not without limitations which are
discussed in great detail in Measurements of Bacterial Growth Rates (31) and will be

summarized here.

Dilution of the labeled thymidine incorporated into DNA occurs because of de novo
synthesis of dTTP precursors. The degree of dilution can be measured with dilution
experiments in which different amounts of non-labeled thymidine are added to a constant
amount of labeled thymidine, then the amount of label incorporated into DNA is measured.
Pollard and Moriarty (41) found that adding labeled thymidine in a high enough
concentration (usually 20 nM in water) suppresses de novo synthesis so that dilution
experiments do not have to be performed for every sample. A method to determine the
concentration at which de novo synthesisis insignificant isto add increasing amounts of

tritiated thymidine at the same activity until no additional incorporation occurs.

It is possible for non-bacterial organisms to take up the radio-labeled substrate
through degradation of thymidine to thymine then further breakdown of thymine. The
tritium label enters the pool of general metabolites and can thus be incorporated into DNA.
However, these reactions take time, and if the incubation period is kept short (usually under 1

hour), non-specific labeling of DNA is considered insignificant.

11



A few species of Pseudomonas have been shown to be unable to take up
[*H]thymidine. Thisis hypothesized to be dueto the lack of mechanisms for efficient
transport of nucleosides or bases within the cell. It is proposed that bacteria with very
limited nutrient requirements such as chemolithotrophic and sulfate-reducing bacteria also
lack such mechanisms and explaining the reason for poor [*H]thymidine incorporation into
their DNA. Bacteriawhich are unable to take up [*H]thymidine cannot be assessed using this

method.

Disturbing the interactions between different microorganisms and their environment
during experimental manipulation can affect rate of DNA synthesis. This limitation applies
mostly to analysis of sediment samples because the sediment needs to be mixed to
incorporate the [*H]thymidine so that all bacteria in the sample will have access. Moriarty
explainsthat disturbances affect the rate of DNA synthesis less rapidly than either protein or
phospholipid synthesis because the regulation of DNA is complex. It is dependent on many
other factors such as energy generation and protein synthesis. Cells take up [*H]thymidine
much faster than it can be used. Asaresult, DNA synthesis rate is independent of the
amount of thymidine added and sediments can be disturbed without having a large impact on

the rate of DNA synthesis (32).

One of the limitations of the tritiated thymidine method is that it is incapable of
assessing species specific in-situ growth rates. This limitation was addressed by Pollard by
combining the tritiated thymidine method with a reverse probe DNA hybridization technique

(39). Thein-situ growth rate of Bacillus cereus and Zoogloea ramigera in activated sludge

12



was quantified using this method. Though the method provides a way of measuring in-situ
growth rates of microorganisms in mixed cultures, the limitations associated with the tritiated
thymidine method still hold. In addition, anew host of issues introduced by the reverse DNA
hybridization technique, including cross hybridization and hybridization efficiency, prevent

the method from becoming widely adopted.
1542 Bromodeoxyuridine incorporation

Bromodeoxyuridine (BrdU), athymidine analogue, is detected via
immunocytochemistry. Instead of calculating growth rate from a conversion factor, a

standard curve correlating fluorescence intensity to specific growth rate is required.

BrdU offers several advantages over [°H]thymidine. It is non-radioisotopic and also
offers greater specificity of detection because the antibodies will not detect chemicals formed
from metabolism of BrdU. The assay is able to preserve microspatial growth information
and can distinguish between closely located individual cells unlike microautoradiography

(15).

Though the advantages over [*H]thymidine make the assay useful for certain types of
studies, BrdU still has some of the same limitations as [*H]thymidine. It is not species
specific, though it could be if combined with an identification method such as fluorescence
in-situ hybridization (FISH) (38). Also, like thymidine, not all bacteria are capable of

incorporating BrdU, and the assay is only able to assess those organisms which are capable.
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Additional limitations of BrdU, not associated with the thymidine method are cell

permeability, BrdU’s mutagenic properties and metabolism of BrdU.

BrdU isafixed cell method. Extensive optimization is required to treat cells so that
cell walls and membranes are permeable enough for penetration of the enzyme to bind to
labeled DNA. Pernthaler and Hamasaki demonstrate this for marine bacteria, but the process
would need to be optimized specifically for each type of assay. Additionally, the

permeabilization method often leads to high levels of species-specific cell loss (38).

BrdU is known to undergo tautomeric shifts that alow it to bind to guanine instead of
adenine. Upon replication, DNA polymerase recognizes the mismatch and eliminates one of
the two bases (38) potentially causing a mutation which can affect growth rate. BrdU also
increases susceptibility of DNA to inactivation by UV or visible light, requiring incubations
to take place in the dark which would make the technique not viable for phototrophic bacteria.
The optimized amount of BrdU addition is 1 nM in natural seawater (15) and at this
concentration, stimulation of growth by BrdU metabolism may become significant resulting

in misleading growth rate estimates.

1543 Adenine

Similar to thymidine incorporation into DNA, adenine incorporation into RNA has
also been investigated as a measure of growth rate. Adenine nucleotide pool turnover is
another radiolabeling technique used to measure growth rate of bacteriain-situ. The

theoretical basis of this technique isthat the flux of precursor into nucleotide triphosphate
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pools (i.e., ATP, TTP, UTP, etc.), is in equilibrium with the removal of the triphosphate
precursors required for cellular biosynthesis which is directly related to growth rate (m). The
adenine nucleotide (AN) pool does not systematically vary with changes in growth rate.
Therefore the turnover rate of the intracellular AN pool must vary in direct proportion to the
rates of nucleic acid synthesis. Therefore, a positive correlation is expected to exist between
cellular AN flux and m AN pool turnover time can be calculated by monitoring the change
in the specific activity of the ATP pool with incubation time. One turnover is the time
required for the ATP pool to achieve a specific radioactivity that is equal to 50% of the value
at isotopic equilibrium. The growth rate is calculated from AN pool turnover as follows (22):

Specific activity of the ATP pool at any time (SA) =1 - (2™), where N = # of

turnover cycles

AN pool turnover time (T) = t/N, where t = incubation period

T = 2.5% of generation time (Tg) irrespective of growth rate

Therefore, the growth rate (m) = /Ty x In 2

The limitations of this technique are similar to the tritiated thymidine assay. It is not
species specific and even more o, is less specific than [*H]thymidine because [*H]adenine
can be incorporated by eucaryotic organisms as well, though like [2H]thymidine, not all
organisms can incorporate [*H] adenine and the assay can only assess those organisms which
are capable of incorporating [*H]adenine. Also, because the method provides an average
growth rate of the entire community incorporating [*H]adenine, the assay is most accurate

when all microbes are growing at identical rates. Additionally it can be argued that a
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weakness of the assay isthat it requires a large number of independent assumptions; should

any of these be proven not applicable, the method would be invalid for that particular system.
1544 Leucineincorporation

[*H]leucine or [**C]leucine is used to measure the rate of protein synthesis similarly
to [*H] adenine incorporation into RNA or [®H]thymidine into DNA. Therate of protein
synthesis gives a more direct measure of cell biomass and can be correlated with growth rate
(32). Riemann and Bell (42) found that the [*H]leucine and [*H]thymidine give equivalent
results, but that the [*H]leucine had the added advantages of increased sensitivity (cells
incorporate 10 times more leucine during growth than thymidine) and also increased
specificity. Incorporation of leucine in molecules other than protein is less likely than
thymidine being incorporated into non-DNA molecules. Though there is increased
specificity as far as incorporation into only protein, there is less specificity in this method due
to the fact that the leucine is incorporated into all protein, algae and bacteriaalike. Size

fractionations have been suggested as a method of differentiating the growth rates (42).
155 Frequency of dividing cells

The frequency of dividing cells (FDC) is a method of estimating bacterial growth by
counting the number of dividing cells at agiven point intime. Hagstrom et al. (14) used the
method to determine bacterial growth rates in water samples from the Baltic Sea. Cellswere
preserved with formaldehyde and stained with acridine orange. Dividing bacteria were

defined as those showing a visible invagination but not a clear intervening zone between cells.
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Growth rate was determined from a graph by knowing temperature and percentage of

dividing cells.

Riemann et al. (42) found good correlation between FDC and thymidine
incorporation for bacteria in coastal environments. However, the FDC method assumes all
bacteria are active. When FDC estimates of biomass were corrected for percent active
bacteria determined from microautoradiography, production rates increased by 28%. If a
significant portion of the population is not active, the FDC method will underestimate the

production rate of the active portion.

The greatest advantage of this method isthat it isrelatively basic, requiring only a
microscope. However, as aresult, FDC has many of the same limitations as microscopy
counting of cells. It isdifficult to distinguish dividing cells using only epifluorescence
microscopy, scanning electron microscopy (SEM) solves this problem, but istoo tedious to
employ for frequent measurements. Also, FDC curves have only been determined for a small
number of environments and can only determine the average growth rate of the community
being analyzed. Unless combined with an identification technique such as 16S rRNA FISH,

FDC cannot be used for evaluation of species-specific growth rates.

15.6 Adenylate energy charge

ATP isamolecule synthesized as a means of short-term energy storage for cells. The
level of ATP has been found to be proportional to growth rate. Relative abundance of ATP

to its precursors ADP and AMP indicate how rapidly the highest energy state (ATP) is
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formed. The adenylate energy charge (AEC) isthe most commonly used expression of this

ratio (52):

AEC = (ATP + % ADP) / (ATP + ADP + AMP)

Chapman (6) measured AEC during different growth stages of E.coli and found that
actively growing cells had an AEC of 0.8, while viability is maintained at AEC from 0.8-0.5

and dying cells have AEC lower than 0.5.

Wiebe and Bancroft (52) used AEC to measure the growth state of marine bacteria
both in water and sediment. Jewson and Dokulil (20) measured AEC of freshwater bacteria
and Webster et a. (51) measured AEC during the growth of Bacillus stearothermophilus.

All three groups recognized the largest limitation of the method to be the difficulty of
extracting ATP without changing the AEC. Filtration and especially centrifugation
significantly lower AEC. Wiebe and Bancroft found that filtration lowered the AEC to the
point of not being able to distinguish between bacteriain the stationary versus log phase.
Additionally, AEC can only vary from 0 to 1, and since most active cells have an AEC > 0.5,
this parameter does not have a wide enough range to accurately describe the possible range
of growth rates of microorganisms. Therefore, the AEC can only be used to describe growth
rate generally (9). Another limitation isthat al organisms contain ATP, and therefore the
method cannot be made to target specific organisms or even types of organisms. Though
there is the benefit of no incubation or added substrate requirements, the limitations of this

method prevent it from being widely used as a measure of in-situ growth rate of bacteria.
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157 RNA-based techniques

RNA has long been thought to be positively correlated with growth in cells. Caldwell,
Mackor and Hinshelwood (4) found thisto be true for Aerobacter aerogenesin 1950. DNA
per cell was found to be constant regardless of growth conditions. Schaechter, Maaloe and

Kjeldgaard (44) also showed this relationship to be true for Salmonella typhimuriumin 1958.

Dortch et al. (9) assembled a compilation graph of growth rate versus RNA:DNA
ratio for anumber of these early studies on Aerobacter aerogenes, Salmonella typhimurium
and Escherichia coli. Applying asingle linear correlation to all of the data, an R? value of
0.634 was obtained. The RNA:DNA ratios for these organisms all fall in the range of

approximately 3-14, for agrowth rate range of 0.2-2.4 h™.,

More recently, Muttray and Mohn used modified orcinol and diphenylamine reactions
to study the relationship between growth rate and RNA:DNA ratio of five isolates of resin
acid-degrading bacteria in activated sludge treating pulp and paper mill wastewater. Four of
the five isolates showed positive, linear correlation between growth rate and RNA:DNA ratio
(r* > 0.9) (34). One strain was examined by slot-blot hybridization and also showed positive

correlation between growth rate and RNA:DNA ratio (33).

Kemp, Lee and LaRoche (24) found high correlations for marine bacterial isolates
from the Sargasso Sea and Georges Bank water columns and also Georges Bank sediment.

RNA content per cell was also positively correlated (r = 0.67-0.90) but not as well as for

19



RNA:DNA ratio (r = 0.93-0.99). RNA content per cell vs. cell volume was not &t all

correlated.

Kerkhof and Ward (25) compared ethidium bromide (EtBr) fluorometry and
membrane hybridization for determining the relationship for another marine bacteria,
Pseudomonas stutzeri. The EtBr method measured only relative fluorescence of RNA and
DNA; absolute quantities were not determined. Growth rates ranged from approximately
0.01-0.125 (h') and RNA:DNA ratios ranged from approximately 1.98-2.7 for fluorometry
and 0.5-1.5 for membrane hybridization. The suspected cause of the lower ratios for
membrane hybridization was inefficient detection of rRNA versusthe rRNA gene. This
group also compiled historical data set using the same A. aerogenes and S. typhimurium but
different E.coli data setsas Dortch et al. (9) and also including P.stutzeri data from their

study and interestingly obtained an r? = 0.922 for aleast squares fit of all the data points.

Ribosomal RNA has been targeted extensively in microbial ecology because of its
characteristics. It isstructurally conserved across all three domains: Eucarya, Bacteria and
Archaea, but also contains regions which are highly specific allowing for species level
identification. Of the three subunits of ribosomal RNA, the 16S isthe most targeted. The 5S
istoo small to offer enough variability, and the 23S, dueto its size, has not been sequenced
much and the database of 23S sequences is not very extensive in comparison with the 16S
database. Though the 16S database offers alot more information, this gene may not be
specific enough to differentiate between sub-species. Those looking for this level of

specificity may have to turnto 23SrRNA. Pre 16S rRNA has also been investigated for its
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relationship to growth rate (5, 37). Though pre 16S rRNA is much more specific, it isalso

much more labile, and the relationship to growth rate needs more investigation.

Many methods are available for quantitating RNA and DNA within the context of
determining species-specific growth rate. EtBr fluorometry (25, 24), membrane
hybridization (33), FISH (17), competitive PCR (35) and most recently real-time PCR are
among the most popular techniques. Of these, real-time PCR offers the greatest sensitivity
with atheoretical detection limit of one gene copy, the largest dynamic detection range of up
to 10° fold and also the highest throughput, up to 384 samples simultaneously depending on

the system, with results in a matter of hours.
1.6 Conclusions

Bulking is a serious problem in WWTP worldwide caused by overgrowth of
filamentous bacteria. Determining the in-situ growth rate of these organisms would lead to
vast opportunities in understanding more about these organisms to develop more effective
ways of controlling the problem. An easy, accurate and straightforward method to measure
in-situ growth rate of microorganisms with species level specificity has eluded
microbiologists for decades. With the exception of the DNA hybridization/thymidine assay
and RNA based techniques, the methods described are only capable of assessing the growth

rate of pure cultures or the average growth rate of acommunity.

The method proposed here isto use real-time PCR to quantitate RNA and DNA to

correlate the ratio to the growth rate of a specific microorganism. The technique offersthe
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ability to relatively simply and accurately determine the in-situ growth rate of a particular

species within a complex mixed-culture environment.
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2 Developing PCR Assaysto Quantify DNA & RNA of Arthrobacter globiformis &
Sphaerotilus natans

2.1 Competitive PCR
211 Introduction

The Polymerase Chain Reaction (PCR) is a powerful method used in biotechnology.
At its core, PCR is essentially a method of making many copies of a given target sequence of
DNA. A typical PCR reaction mix requires buffer, primers, dNTPs, DNA template and DNA
polymerase, usually Taqg polymerase. The reaction takes advantage of DNA’s
thermodynamic properties by defining the three steps of the reaction by different
temperatures. denature (95°C), anneal (50-60°C) and elongate (72°). The value of the
technique isin its versatility. Depending on the design of the primers, different parts of DNA
can be manipulated and amplified. Some applications of PCR include species identification,
cloning and site-directed mutagenesis. In combination with other molecular techniques, the

guestions to be answered using this technique are limitless.

Though conventional PCR is an invaluable technique in the biotechnology world, its
useis limited to qualitative purposes. During the initial cycles of the PCR reaction, the
efficiency is very near to 100% which means that the number of copies of the amplicon is
doubled each cycle. Asthe reaction progresses, efficiency decreases due to a number of
reasons which could include breakdown of enzyme and reactant limitations. The number of

copies eventually plateaus. The cycle number at which the plateau phase occurs varies with
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every reaction, even in replicates, and makes it impossible to quantify species specific DNA

in the original sample based on final concentrations.

Competitive PCR (cPCR) is a method which allows for quantitation of DNA by using
an internal standard. The standard, or competitor, is amplified by the same primers asthe
target sequence but differs from the target enough to be detected in end point analysis. Since
the competitor and target DNA are amplified by the same set of primers, they compete for
the primers during the PCR reaction. The target and competitor oligonucleotides are co-
amplified in the same tube therefore the factors thought to affect PCR amplification

efficiency such as salt concentration and presence of inhibitors affect both oligonucleotides

equally.

The original amount of target in the sample can be back calculated from the formula:

T _T(@+e" _ T
C, C (1+e" C

@

where ‘T’ and ‘C’ are the concentrations of target and competitor DNA respectively, ‘€’ is
the reaction efficiency, ‘N’ is the number of cycles, and the ‘i’ and ‘f’ subscripts refer to
initial and final concentrations (18). The final quantities of target and competitor DNA are
known as well as initial quantity of competitor. Since the efficiency for target and
competitor DNA and number of cycles are equal for both target and competitor, the initial

guantity of target DNA can be calculated from a simple ratio.

The objective of thiswork wasto develop cPCR assaysto accurately quantify RNA

and DNA of Sphaerotilus natans and Arthrobacter globiformisin environmental samples.
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2.1.2 M aterials and methods

2121 Bacterial strains and culture conditions

Sphaerotilus natans (SNA) was chosen as the representative filament for a number of
reasons. It ishistorically the most studied bulking organism and has been shown to cause
bulking in activated sludge wastewater treatment plants worldwide (50). Additionally,
previous work has shown that wastewater treatment plants in Raleigh and Cary, North
Carolina contain SNA and have the potential to bulk (23). The SNA strain, obtained from
ATCC (15291), was isolated from paper-mill slime and was grown in CY GA medium (pH 8)
on ashaker at 26°C. One liter of CY GA medium contains 5 g casitone (BD 225930), 10 g
glycerol, 1 g yeast extract, 1 liter of distilled water (1). Arthrobacter globiformis (AGF) was
chosen as the representative floc-former for this project. The AGF strain, also obtained from
ATCC (8010), was grown on nutrient broth (Difco 234000) at 26°C. Glycerol stocks of both
cultures were made for long-term storage. These stocks were made according to the

following protocol:

1. Grow bacteria overnight in liquid media at 26°C

2. Centrifuge 15 mL of cell culture and decant liquid

3. Resuspend cell pellet in 0.85 mL of fresh, sterile media
4. Transfer mixtureto aserile 2 mL centrifuge tube

5. Add 150 i of sterile glycerol, vortex to mix

6. Stored at -80°C.
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2122 cPCR Primer Design

PCR primers targeting the 16S rRNA gene were designed for both SNA and AGF by
creating an alignment of all known sequences of the respective organism from the GenBank
database (36). In addition to the sequences retrieved from GenBank, two sequences from
MWG Biotech, Inc. were also included in the alignment. PCR product amplified from
genomic DNA with bacterial primers 8F and 1492R were prepared and sent for sequencing
as described in Section 2.1.2.6. Two aliquots of the same purified PCR product were sent,
one to be sequenced with the 8F primer, the other with the 1492R primer. Two aliquots were
sent because the maximum DNA length that can be analyzed is approximately 700 bp. The
sequence from the 8F primer was inserted into the alignment as returned from MWG. The

reverse complement of the 1492R sequence was used in the alignment.

Table 2.1 lists the accession number and description of all sequences used in the SNA
alignment. Full sequences can be found in Appendix A. Eikelboom 1701 and Leptothrix
mobilis are close relatives of SNA; these sequences were included in the alignment as a
negative check. Regions of the gene sequence that targeted all of the SNA sequences but not
Eikelboom nor Leptothrix were chosen as potential priming sites. Potential priming sites
were then screened using the Ribosomal Database Project (RDP). Sites that had the highest
specificity in RDP were then Blasted against sequences in GenBank. Trial and error was
used to find the most specific primers possible. All primers were ordered from Integrated

DNA Technologies (IDT).
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AGF primers were designed in asimilar fashion. Table 2.2 shows the sequences used

for the alignment, SNA along with L. mobilis, M. luteus, A. rhombi and B. rhamnosum

sequences were added as negative checks. The results of the primer design are show in Table

2.3 and RDP search and Blast results of each primer as of July 11, 2007 are shown in

Appendix C.

Seq # Accession

00
01
02
03
04
05
06
07
08
09
10

11

12

13

14
15
16
17
18
19

20
21
22
23

718534

AB087568
ABO87567
AB087566
AB087564
AB087563
AB087560
AB087565
AB087561
AB087562
AF072915

AF072914

AF072916

AF072917

AB072236
L33980
L33978
L33977
L33976
L79964

X97071

AJ534666

Table 2.1 - Sequencesused for SNA primer design

Descri ption

S. natans 16S ri bosonal DNA

Sphaerotilus sp. L19 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L13 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L12 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L7 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L6 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L1 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L8 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L2 gene for 16S rRNA, partial sequence
Sphaerotilus sp. L3 gene for 16S rRNA, partial sequence
Sphaerotilus sp. IF5 16S ri bosomal RNA gene, parti al
sequence

Sphaerotilus sp. IF4 16S ri bosomal RNA gene, parti al
sequence

Sphaerotilus sp. IF9 16S ri bosomal RNA gene, parti al
sequence

Sphaerotilus sp. I F14 16S ri bosomal RNA gene, parti al
sequence

Sphaerotilus natans gene for 16S rRNA, partial sequence
Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)
Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)
Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)
Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)

Ei kel bl oom type 1701 ri bosormal RNA gene, conplete
sequence

L.nobilis 16S r RNA gene

S. nat ans MAG sequence from 8F pri ner

S. nat ans MAG sequence from 1492 (reverse conpl enent)
Uncul tured beta proteobacteriumpartial 16S r RNA gene,
cl one S15A- MN107
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Table 2.2 - Sequencesused for AGF primer design

Seq # Accession Descri ption
00 AB089841 Art hrobacter globiforms gene for 16S r RNA
01 AB098573 Art hrobacter globiformis gene for 16S rRNA, parti al

sequence

02 F321068 Art hrobacter globiforms strain Ul7 16S ri bosomal RNA
gene, partial sequence

03 X80736 A.globiform s 16S r DNA

04 AY561601 Art hrobacter sp. RG 39 16S ri bosormal RNA gene, parti al
sequence

05 718534 S. natans 16S ri bosonal DNA

06 X97071 L.nobilis 16S r RNA gene

07 AJ409095 M crococcus | uteus 16S rRNA gene, strain D7

08 AJ415376 Brachybact eri um r hacmmosum partial 16S rRNA gene, type
strain LMG 19848T

09 AY509239 Art hrobacter rhonbi strain S189 16S ri bosonal RNA gene,
parti al sequence

10 ------ AGF sequence from MAG (8F)

11 ------ AGF sequence from MAG (1492R — reverse conpl enent)

Table 2.3 - cPCR Primer sequences and specifications

primer length Accession
Sequence Tm' | GC% | location
name (bp) No.

SNA229F | CTACCAAGCCTGCGATCTGTAGCT 24 |60.50| 54.20 | 229-252 | AB087568

SNAS550R |GGGGATTTCACATCTGTCTTATGGAA| 26 |56.70| 42.30 | 550-575 |AB087568

AGF946F | TGGACCGGACCGCCGCAGAAATGTG| 25 |67.20| 64.00 | 946-970 | AB089841

AGF1066R| CCCATGAGTCCCCGCCATTACGCG 24 166.00| 66.70 |1082-1105 | AB089841

! Calculated using OligoAnalyzer 3.0 (47)

2.1.2.3 Creating competitor

The competitor for each species was created using conventional PCR with modified
reverse primers using genomic DNA astemplate. For SNA, two modified reverse primers

were designed, SNARIoop and SNARIlinear. The SNARIoop reverse primer included a41
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base pair tail which was composed of a 24 base insertion sequence which included cutting

sites for Hindl 11 and BamHI restriction enzymes.

The loop primer was named such because the primer is designed so that the 24 base
insertion forms a loop when the primer initially anneals to the target sequence (see Figure
2.1). The SNARIinear primer was designed for SNA such that the 17 bases were
complementary to aregion 24 bases upstream of the 24 bases that are complementary to the
target DNA (see Figure 2.1). The forward primers used to create competitors are the same as
those used for cPCR. The competitors designed in this way will have the same priming sites
asthetarget DNA, but will be distinguishable on an agarose gel because they will be 24
bases longer. The size of the insertion for the competitor is somewhat arbitrary. Itis
assumed that 24 bases are large enough to differentiate on regular agarose gels, while still
small enough to not greatly affect PCR efficiency. Sequences of primers for creation of

competitors are shown in Table 2.4.

The 25 mL PCR reaction contained 15 L of PCR buffer mix, 0.5 niL of forward
primer, 0.5 L of the modified reverse primer, 8.2 ni. of sterile water, 0.3 nl. Taq
polymerase and 0.5 ni of extracted genomic DNA astemplate. The PCR cycle had an initial
denaturing step for 5 min at 94°C, then 30 cycles of denaturing for 1 min at 95°C, annealing
for 50 s at 55°C and extension for 1 min at 72°C and a final extension step for 20 min at
72°C. The FailSafe PCR System from Epicentre Biotechnologies with PreMix E was used

for all cPCR and conventional PCR runs.
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Genomic DNA was obtained for PCR by growing SNA culture overnight, pelleting
cells, then extracting with the Powersoil DNA Isolation Kit from MoBio (Cat. No 12888-50).

The manufacturer’s instructions were followed with no modifications.

Forward primer|

31| |51

51 I I 31
| 17 bp |reverse primer |

24 bp Insertion —p
31 I I 51

5" | 31
[ 17bp {T| reverse primer|

24 bp Insertion
Figure2.1- Linear and loop primersfor creating competitor

Table 2.4 - M odified rever se primer sequences used to create competitors
primer name Sequence

GGGGATTTCACATCTGTCTTATGGAAAAGCTTAGTCATAGAACT

SNARIoop
GGATCCCCGCCTGCGCACGCTTT

GGGGATTTCACATCTGTCTTATGGAAAAGCTTAGTCATAGAACT

SNARIinear
GGATCCGTAATTCCGATTAACGC

CCCATGAGTCCCCGCCATTACGCGAAGCTTAGTCATAGAACTG

AGFloop
GATCCCTGGCAACATGGAACGA

AAGCTT - Cutting site for Hind 111
GGATCC — Cutting site for Bam HI
ATAGAA — 24 baseinsertion (not complementary to template DNA)
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RNA competitors were created by in vitro transcription of the DNA competitor. SNA
DNA competitors were linearized with ECORV restriction enzyme (Promega) at 37°C for 1.5
hours. The enzyme was then inactivated by heating for 15 min at 80°C. Each 20 nL digest
contained 13.3 nL of sterile water, 2 L. of 10X RE Buffer, 0.2 nmL of Acetylated BSA (10
ng/ nL), 3nl of DNA (1 ng/ mL) and 0.5 nL of EcoRV (10 U/ nL). The results were
verified on agel and quantified with a spectrophotometer. Next, the linearized competitor
DNA was in vitro transcribed to produce RNA with the AmpliScribe™ T7 High Yield
Transcription kit from Epicentre. The RNA from in vitro transcription was quantified using
a spectrophotometer, then was reverse transcribed to produce cDNA using the RETROscript

® kit from Ambion. PCR isthen run on the cDNA.
2124 Cloning

Copies of the competitor were made by cloning to reduce the chance of sequence
errorsintroduced by Taq Polymerase. Cloning was carried out using an Invitrogen TA
Cloning kit. Each 10 niL ligation mix contained 1 nL of competitor PCR product, 1 nL. 10X
ligation buffer, 2 nL of PCR vector 2.1, 5 nL of sterile water and 1 L. of T4 DNA Ligase.
The mix was incubated at 14°C overnight, then stored at -20°C until the transformation
reaction. The plasmid was transfected into chemically competent E.coli cells according to

the following protocol (adapted from the Invitrogen TA Cloning Manual, (16)):

1. Thaw One Shot® cellsonice.
2. Pipette 1-2 pl of each ligation reaction into cells and stir gently with pipettetip to

mix.
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3. Incubate the vials on ice for 30 minutes.

4. Heat shock for 30 seconds at 42°C without shaking. Transfer vialsto ice.

5. Add 250 pl of S.0.C. medium to each vial.
6. Shakethevialsat 37°C for 1 hour at 225 rpm.

7. Plate 10 pl to 200 pl from each transformation vial on an LB plate containing
100-pg/ml ampicillin.

8. Incubate plates overnight at 37°C.

Thirteen and ten colonies were chosen for SNA and AGF respectively for PCR
verification of presence of the competitor. The cells were diluted in sterile water and 0.5 nL
of the dilution was used as template in whole-cell PCR. Each 12.5 nL reaction contained
6.25 L of 2X buffer, 0.15 nl. of Tag DNA polymerase, 4.975 ni of sterile water, 0.3125 L.
of the forward and reverse primers, and 0.5 L. of template. The PCR products were verified
on a 1% agarose gel run for 1 hour a 100V. After the gel, five clones were grown overnight
at 37°C then pelleted, and plasmid was extracted using the Wizard Plus SV Minipreps DNA
Purification System from Promega (Cat. No. A1330). Aliquots of the extracted plasmids
were sequenced for confirmation of the presence of the correct competitor sequence. Once
the sequence was confirmed, one clone was chosen and grown in alarge amount of LB
media overnight to obtain enough competitor plasmid for use during all future experiments.
Plasmid was extracted from pelleted cells, quantified using a spectrophotometer and stored

until use at -20°C.
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2125 cPCR

Each cPCR run consists of many individual PCR reactions containing a constant
amount of environmental sample with serial dilutions of the competitor. Each 25 nlL mix
contained 12.5 L of buffer, 0.5 L of each primer (0.5 M), 0.3 nL of Taq polymerase, 0.5

L template, 0.5 L of one part of the serial dilution of competitor plasmid.

The cycling parameters of the reaction are as follows. 94°C for 5 min, then 30 cycles
of 94°C for 50 s, 60°C for 45 s, and 72°C for 1 min, then 72° for 7 min and a final hold at

4°C.

SNA PCR products were visualized on a 3% agarose gel stained with ethidium
bromide for 4 hours at 80V. AGF PCR products were visualized on 2% agarose gels for 1.5
hours at 105 volts. Each cPCR run included a positive control of genomic DNA of SNA or

AGF and a negative control with deionized water.

Gel-Pro Analyzer software from Media Cybernetics was available to quantify bands

on gels.

2126 Sequencing

Clones were sequenced by MWG Biotech, Inc. to verify the presence of the
competitor. Additionally, SNA and AGF samples were sequenced occasionally to verify the

purity of cultures. In order to sequence clones, transformed E.coli cells were grown to log-
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phase then pelleted. Plasmid DNA was extracted from the pellet, quantified via

spectrophotometry and diluted to MWG' s specifications, then mailed and sequenced.

To verify purity of cultures, bacteria were grown to mid-log phase then pelleted.
DNA was extracted from the pellet and PCR amplified with bacterial primers 8F and 1492R.
The PCR product was purified with Qiagen’s QI Aquick PCR Purification kit (Cat. No.
28104), quantified with a spectrophotometer, diluted to MWG'’ s specifications, then 2
aliguots were mailed and sequenced, one with the 8F primer and the other with 1492R. The

sequences were Blasted to determine if they were from the correct species of bacteria.



2.1.3 Results and discussion

2.131 Creating competitors

Conventional PCR was run to create competitors. Figures 2.2 and 2.3 show the
creation of SNA and AGF competitors respectively. Competitors were created with normal
forward primers and modified reverse primers. Target DNA refersto genomic DNA of each
species amplified with cPCR primers. Though the target and competitor DNA appear to be
the same size in Figure 2.2, this is because the 1% gel was only run for 1 hour at 95 volts.
Further experiments (Section 2.1.3.3) were performed to optimize gel conditions for
separation of SNA competitor and target DNA. The SNA competitor created with the loop
primer was used for all future experiments. The loop primer method was also employed for

creating the AGF competitor.

Figure 2.2 - Verification of creating SNA competitors
Lane 1—Ladder; lane 2 —competitor created with loop primer; lane 3—NTC; lane 4— competitor created
with linear primer; lane5— SNA target DNA
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Figure 2.3 - Verification of creating AGF competitors

Lane 1 —ladder, lane 2 — AGF competitor; lane 3 — AGF tar get; lane 4 — mix of AGF competitor and

2132

target; lane 5— NTC with competitor primers; lane 6 — NTC with target primers

Cloning competitors

Copies of competitors were made by cloning instead of additional PCR to avoid

sequence errors introduced by Taqg polymerase. The steps of cloning and verification of

cloning products were:

5.
6.

Ligation of plasmid with PCR 2.1 vector

Transfection of ligation product into competent E.coli cells

Plate cells and grow overnight

Pick at least 10 colonies to analyze for plasmid

Perform whole cell PCR on cells from chosen colonies with cPCR primers

Visualize PCR products on an agarose gel

Clones containing competitor sequence should show a bright band, clones with no

competitor should show no band. Figures 2.4 and 2.5 show the cloning results of SNA and
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AGF respectively. Thirteen SNA and ten AGF clones were chosen for analysis, all of which

contained competitor plasmid.

12345678 9101112

131415

Figure 2.4 - Gel of SNA cloning results
Lanes1and 13 —-50 bp step ladder; lanes 2 —12, 14 and 15 — PCR product of SNA clones showing
presence of competitor

12 345 67 89101112

Figure 2.5 - Gel of AGF cloning results
Lane 1—-50 bp step ladder; lanes 2-11 — PCR product of AGF clones showing presence of competitor;
lane 12 — no template negative control

2.1.33 Optimizing gel conditions

Several experiments were run to optimize the gel conditions for separating SNA

target DNA from SNA competitor DNA. Agarose concentration, time and amount of DNA
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weretested. Figures 2.6-2.8 show three of these runs. Each run had one lane of target DNA,
one lane of competitor DNA (PCR amplicon, not competitor plasmid), and a mix of target
and competitor DNA. After many attempts, the conditions chosen for cPCR were 3%

agarose run for 4 hours at 80V.

Figure 2.6 - Optimizing gel conditionsfor SNA cPCR 1
2% agarose, 2 hours, 80V; Lane 1—50 bp step ladder (5nl); lane 2 —target SNA DNA (4nl); lane 3—
SNA competitor DNA (4 nlL); lane 4 —mix of target and competitor DNA (4 L of each)

Figure 2.7 - Optimizing gel conditionsfor SNA cPCR 2
2% agarose, 2 hrs, 80V; Lane 1—-50 bp step ladder (2.5nL); lane 2 —target SNA DNA (1 nlL); lane 3—
SNA competitor DNA (1 nl); lane 4 —mix of target and competitor DNA (1 L of each)
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Figure 2.8 - Optimizing gel conditionsfor SNA cPCR 3
2% agarose, 3hours, 80 V; Lane1—50 bp step ladder (2.5 m); lane 2 —target SNA DNA (1 mL); lane3—
SNA competitor DNA (1 ni); lane 4 —mix of target and competitor DNA (1 ni of each)

2134 cPCR - DNA

Thefirst cPCR run for SNA was done keeping competitor concentration constant
with a 10X serial dilution of genomic DNA. The amount of SNA genomic DNA per PCR
reaction ranged from 6.5 ng to 6.5 x 10° ng. The amount of competitor used per PCR
reaction was 3.25 ng. Figure 2.9 shows the results of this cPCR run. The results show no
clear separation of target and competitor DNA. After several attemptsto adjust gel
conditions, it was determined that because the competitor plasmid is so much smaller, in
terms of base pairs, than genomic DNA, the copy number of amplicon in the competitor
DNA was far greater than the copy number in genomic DNA for the same amount of
nanograms. Therefore, a second cPCR run was done keeping genomic DNA amount
constant a 6.5 ng and serially diluting competitor DNA (see Figure 2.10). Competitor DNA
amount ranged from 0.445 ng to 4.45 x 10° ng. The results of the second cPCR run show
two rows of bands, the bottom row corresponding to target DNA, the top row to competitor

DNA. The competitor row appearsto have the strongest band at lane 2 and successively gets
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lighter in lanes 3-7, while the target is opposite. The target DNA band appears lightest in
lane 2 and gets successively darker in lanes 3-7. Thisresult is expected, asthe amount of

competitor decreases, more target DNA gets amplified.

1 2 3 456 78 9 10 1112

Figure 2.9 - SNA cPCR run #1
Serial dilution of target DNA, amount of competitor kept constant
2% agarose gel run for 3hoursat 80V; lane 1 — 50 bp step ladder; lanes 2-11 — successive cPCR
reactions; lane 12 —no template control
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Figure 2.10 - SNA cPCR run #2
Serial dilution of competitor, amount of target DNA kept constant
3% agarose gel run for 4 hours80V; lane 1 —50 bp step ladder ; lanes 2-6 — cPCR products; lane 7 - PCR
product of target DNA; lane 8 — PCR product of competitor plasmid; lane 9 —mix SNA target and
competitor PCR products; lane 10 — 50 bp step ladder

Figure 2.11 shows the results of a successful AGF cPCR run. The competitor was
serially diluted 6X, the amount of DNA ranged from 748 ng to 0.577 ng. The amount of
AGF genomic DNA used per reaction was 200 ng. The results for AGF are clearer than for
SNA, two rows of bands, the top row (competitor) getting fainter from left to right acrossthe
gel, and the bottom row (target) of bands getting brighter from left to right. The equivalence

point (where amount of target and competitor are equal) appears to be between lanes 5 and 6.
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Figure 2.11 - cPCR AGF cPCR run
2% agarose gelsrun for 1.5 hoursat 105 volts; lane 1 —50 bp step ladder ; lanes 2-6 — cPCR products;
lane 7 — PCR product of target DNA; lane 8 —no template control

2.1.35 RT-PCR preliminary results

Preliminary work to develop a RT-PCR assay for this project was performed but was
not completed because the work was being shifted to real-time PCR instead of cPCR. A

discussion of the process can be found in Appendix B.
214 Conclusions

Competitive PCR is a method of quantitative PCR. Competitive RT-PCR allows for
guantification of RNA. The use of co-amplified standards takes away the concern of
different amplification efficiencies, and is the technique’'s largest draw. However, the
dynamic range is only about 1000 fold and therefore the technique requires extensive
optimization to get the amount of competitor in the correct range as the template. Real-time
PCR is quickly gaining force as the next quantitative PCR method. Though generally

external standards are used, the dynamic range is up to 10 fold. Another advantage is that
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the method is automated (45). There are no gels, and the quantitation is done by computer
programs, which dramatically increases throughput. For these reasons, the quantitative PCR

method for this project was switched to real-time PCR instead of continuing with cPCR.

43



2.2 Developing real-time gPCR and RT-qPCR Assays

221 Introduction

Real-time PCR is an adaptation of traditional PCR utilizing fluorescent chemistry to
allow for monitoring of the reaction in real time. The efficiency of PCR is closest to 100% at
the very beginning of the reaction. Asthe reaction progresses, the efficiency decreases, and
eventually the number of copies of DNA will plateau. Even in replicate reactions, the
plateau has been shown to result in differing final concentrations of amplicon. Real-time
PCR isunique in its ability to quantify the amount of amplified product at the beginning of

the reaction for more accurate quantitation of starting material.

A number of different detection chemistries exist for real-time assays. SYBR Green |
isthe only non-specific method. SYBR Green | is a dye which fluoresces upon binding to
the minor groove of double stranded DNA (dsDNA). Asthe PCR reaction progresses and
more amplicon is formed, the dye binds to the DNA, causing fluorescence. The intensity of
fluorescence is then recorded. The dye binds non-specifically to dsDNA therefore careful

primer design for the SYBR Green assay is of utmost importance.

Fluorescent probes are another type of detection chemistry which allows for
multiplex assays (detecting multiple targetsin one tube). The most popular types of
fluorescent probes are TagMan and Molecular Beacons. These probes have 2 fluorescent dye
molecules, one reporter and one quencher, at each end. If these two molecules are in close

proximity, the quencher absorbs the signal from the reporter and little fluorescence is



detected. TagMan probes are activated by the nuclease activity of Taq polymerase. During
PCR, the probe hybridizes with the template and the reporter molecule is cleaved by Taq
polymerase thus separating the reporter from the quencher and allowing for measurable
fluorescence. Molecular Beacons act similarly to TagMan probes but instead of the reporter
molecule being cleaved, the probe stays intact. To keep the reporter and quencher molecules
in close proximity, the probe forms a stem-loop structure in free solution. The molecules are
separated upon hybridization with the target molecule. Scorpions, hybridization probes,
Eclipse, and Ampifluor are additional types of detection chemistries all of which use the

guencher-reporter system (3).

The choice of reaction chemistry depends on the purpose of the experimental work.
The use of fluorescent probes allows for multiplexing, but fluorescent probes are expensive,
and designing probe-primer systems can get complicated. Detection with SYBR Greenis
less expensive for single gene detection assays and allows for generation of a melt-curve to

verify the absence of non-specific products.

The most important concept in real-time PCR is the threshold cycle (C;). The C;
value is the cycle number during a PCR reaction at which the fluorescence reaches a
detectable level. Quantification at the threshold cycle ensures that the efficiency of the
reaction is closest to 100%. An important consideration while designing an assay is whether
the experimental design calls for absolute or relative quantification. Absolute quantification
requires the generation of a standard curve from known amounts of DNA (or RNA for real-

time RT-PCR), which isthen used to extrapolate the concentration of DNA or RNA in
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samples. Relative quantification normalizes gene expression to an endogenous housekeeping

gene. No such gene is known to exist for bacteria.

The objective of thiswork wasto develop real-time PCR assays to quantify 16S
rRNA and the rRNA gene of Sphaerotilus natans and Arthrobacter globiformis. Absolute
quantification with SY BR Green was chosen as the most appropriate type of assay.
Development of the assays involved primer design and testing as well as generation of

standard curves.
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222 M aterial and M ethods
2221 Primer Design

Careful primer design for SYBR Green detection is of utmost importance because of

the sensitivity of real-time detection. Typical design criteria include the following (3):

Primer length should be kept relatively short, 20-30 bp

Design amplicon length to be between 75-200 bp. Longer amplicons will cause
reaction efficiency to decrease.

Keep melting temperature in the range of 50°C and 65°C

Maintain GC content between 50-60%

Avoid secondary structure in primers and amplicon

Avoid repeats of Gs or Cslonger than three bases in the primers and >4 bp repeat in
the amplicon

Avoid 3' complementarity of forward and reverse primers to prevent primer-dimer

formation

For this assay, primers specific to SNA and AGF were designed adhering to as many
of the criteria above as possible without sacrificing specificity. The method used to design
the real-time primers was the same as described for cPCR, using the same consensus

alignment, but were redesigned for increased species specificity.

In addition to primers for real-time PCR, primers were also needed to create RNA
and DNA standards. The forward and reverse primers used to create the standards were

designed to target regions upstream and downstream respectively of the real-time primers.
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The forward primer contains a T7 promoter site a the 5 end to allow for in vitro

transcription to create the RNA standard.

Initially, the same set of primers was used to create the standard as real-time PCR, but
this resulted in overestimation of the standard when creating the standard curves. The details
of this are discussed in Section 2.2.3.2. The suspected reason for this is that the PCR binding
sites may not be amplified completely, or may be degraded somewhat during the initial PCR
reaction so that during the real-time reaction, though the amplicon exists (and is therefore
guantifiable by spectrophotometry), the primer binding sites may not be fully intact. In
contradt, if the initial PCR created a standard which was larger and inclusive of the real-time
binding sites, it is more likely that these sites will remain intact in the case of degradation or
incomplete replication. The primers used for real-time PCR and for creation of the standard

arelisted in Table 2.5.

Table 2.5 - Primer specificationsfor real-time PCR

primer Sequence length Tm*| GC% | location Accession Purpose

name (bp) No.

SNA417F | TTCTGGGCTAATACCTCGGGAGGA 24 |61.0| 54.2 | 417-440 | AB087568 | real-time
SNA550R |[GGGGATTTCACATCTGTCTTATGGAA 26 |56.7| 42.3 | 550-575 | AB087568 | real-time
AGF965F | AATGTGGTTTCTCCTTTTGGGGCC | 24 |60.1| 50.0 | 965-988 | AB089841 | real-time
AGF1066R| ATTACGCGCTGGCAACATGGAACG | 24 |62.4| 54.2 |1066-1089| AB089841 | real-time
SNAZISF |TAATACOACTCACTAIASCAICTCTAl a1 |63.6| 43.9 | 243-264 | AB08T568 | standard
SNA595R CTAGCTCCACAGTCACAAATG 21 |53.3| 47.6 | 595-615 | AB087568 | standard
AGETIIF [TAATSCORCTCICTATASONIACCCT] 45 |64.8| 44.4 | 739-764 | AB0B9B41 | standard
AGF1435R [CCTTGTTACGACTTAGTCCCAATCGC| 26 |59.2| 50.0 [1435-1460| AB089841 | standard

! Calculated using OligoAnalyzer 3.0 (47)
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2222 Real-time PCR and RT-PCR

The iQ5 Real-Time PCR Detection System (Bio-Rad Laboratories Inc.) was used for
all real-time PCR and real-time RT-PCR reactions. Each 25 nL real-time PCR reaction mix
contained: 12.5 nL of 2X iQ SYBR Green Supermix, 9.5 nL of nuclease-free H,O water, 0.5
L of each primer (0.2 M) and 2 nL of template. The cycling conditions were as follows:
initial denaturation for 5 min at 95°C; then 45 cycles of 50 sat 95°C, 25 sat 60°C, 45sat
72°C; and afinal elongation of 7 min at 72°C. Melt curves were also performed over the
range of 55°C-95°C, increasing 0.5°C per 30 s. A no template control with sterile water

instead of template was performed for each master mix.

One step RT-PCR was chosen over two step RT-PCR because only one gene was
analyzed. Cycling parameters were as follows. reverse transcription at 50°C for 10 min,
denaturation of reverse transcriptase at 95°C for 5 min, 45 cycles of denature at 95°C for 50 s,
anneal at 60°C for 25 s, elongate for 72°C for 45 s, then afinal elongation step for 7 min at
72° followed by a final denature and anneal for 1 min each at 95°C and 55°C respectively,
then afinal hold at 4°C. Each 25 ni real-time RT-PCR reaction mix contained: 12.5 ni of
2X SYBR Green RT-PCR reaction mix, 8.5 nL of nuclease-free H,O water, 0.75 L of each
primer (0.2 mM), 2 nL of template and 0.5 nL of RT iScript MMLV Reverse Transcriptase.

A no template control with sterile water instead of template was performed for each master
mix. Additionally, a negative RT reaction, in which RT enzyme was not added, was

performed for each template to control for DNA contamination.
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2223 Creating Real-time PCR standards

The DNA standard was created by amplifying genomic DNA of each species with the
appropriate primers listed in Table 2.5 with conventional PCR. The expected sizes of the
SNA and AGF amplicons are 392 and 741 bp respectively. Each 25 nl reaction contained
12.5 nL of 2X buffer E (Epicentre), 10.2 nL gerile water, 0.5 L of each primer (10 pM), 0.3
m of Tag DNA polymerase (2.5 U/ nL) and 2 L. of DNA template. The cycling conditions
were as follows: one cycle of 95°C for 5 min, 30 cycles of 95°C for 50 s, 57°C for 50 s, 72°C
for 45 s, one cycle of 72°C for 7 minutes and hold at 4°C. The PCR product was purified
with the Qiagen PCR purification kit, and then verified on a 1% agarose gel run at 100V for
one hour. The purified PCR product was quantified with a spectrophotometer and then
diluted serially 10-fold. The serial dilutions were used as template for real-time PCR to
generate a standard curve. The serial dilutions covered arange of 0.678 ng to 6.78 X 10°® ng
of SNA DNA which corresponds to 9.2 to 0.2 log copies and 10 ng to 10° ng of AGF DNA

which correspondsto 9.1 to 0.1 log copies.

The RNA standard was created by starting with the DNA standard which contains a
T7 binding site at the 5’ end due to the specially designed forward primers. The DNA
standard was used as template for in vitro transcription (Promega Riboprobe Cat. No. P1440).
Each 50 ni reaction contained 10 L buffer, 5 100 MM DTT, 1.25 nL (50U) RNase
inhibitor, 2.5 mL of each INTP, 1 nL (20 U) T7 RNA polymerase, 3 niL template (1-2.5 ng)
and 19.75 L of sterile water. The reaction was incubated at 37°C for 1.5 hours. Following

in vitro transcription, the sample was DNased (Qiagen Cat. No. 79254) a room temperature

50



(25°C) for 15 minutes, then purified with the Qiagen RNeasy Mini Kit (Cat. No. 74104). An
additional DNase reaction was performed on-column during purification. After purification,
samples were quantified with a spectrophotometer and serially diluted 10-fold. The serial
dilutions were used as template for one-step RT-gPCR. The serial dilution covered arange
of 6.84 ng to 6.84 X 10 ng of SNA RNA which corresponds to 10.51 to 1.51 log copies and
8.54 ng to 8.54 X 10™° ng of AGF RNA which corresponds to 10.31 to 0.31 log copies for

AGF.
2224 Calculating copy number

The copy number of DNA and RNA standards for real-time qPCR was calculated

with Equation 2 (43). To calculate RNA copy number, 340 g/mol bp was used instead of 660

g/mol bp.

copy # = & NA conc S9U0, @ 1g O, edmol bp DNAG, a.023x10% bpd .
é &m il §10° ng g g 660 g DNA 5 mibp G,
e 1 copy

5
T+ X | of | m
gsize of gene[bp] g (vol of template )
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2.2.3 Results and Discussion

2231 Primer Design Optimization

The final results of the primer design process are shown in Table 2.5 of Section
2.2.2.1. Extensive design troubleshooting took place before finding primers that worked.
The cPCR primers fit most of the criteria for real-time PCR except for the fact that they were
not specific enough. Both SNA primers and the forward AGF primer were redesigned for
increased species specificity. The combined specificity was greater for the new SNA primers
and AGF primers than for the cPCR primers as show by the number of hits on the Ribosomal

Database Project (RDP), see Table 2.6. Specifications of the new sets of primers are listed in

Table 2.7.
Table 2.6 - Comparing species specificity of cPCR and real-time primers
PCR . new .
cPC RDP hits e RDP hits
primers primers
SNA229F 168 SNA958F 22
SNA550R 33 SNA1068R 104
AGF946F 30 AGF 965F 8
Table 2.7 - SNA primer set #2 designed for real-time PCR
primer length Accession
name Seguence (bp) Tm | GC% | location No.
GTAGCAACTGATGACAA
SNA1068R GGGTTGCGC 26 61.0 | 54.0 |1068-1093 | AB087568
GGCAGGAATCCCGCAGA
SNA958F GATGTGGGA 26 64.0 | 62.0 | 958-983 | AB087568
AATGTGGTTTCTCCTTTT
- AB089841
AGF965F GGGGCC 24 60.1 ] 50.0 | 965-988
ATTACGCGCTGGCAACAT
- AB089841
AGF1066R GGAACG 24 62.4 | 54.2 |1066-1089




Table 2.8 - Description of real-time PCR runstesting various parameter s

Annealing Template concentration
Run Template temperature P Well Positions
N range
(°C)
Unpurified PCR Product
1 from genomic DNA and 60 75 7.50%x10° ng A01-A08
SNA1068R/958F
Unpurified PCR Product
2 from genomic DNA and 60 75 7.50%x10° ng D01-D11
SNA1068R/958F
Purified PCR Product from
3 genomic DNA and 60 78.5 7.85x107° ng A01-A07
SNA1068R/958F
Purified PCR Product from
genomic DNA and 5 i
4 bacterial primers 8F and 60 75 7.50x10™ | ng AO1-AD7
1495R
5 | Dilution series from Run 4 60 7.5 7.50x10° ng |A01-A07: SNA 10X
re-diluted 10X and 20X 750x10° | 7.5x107 | ¥ |B01-BO7: SNA 20X
Serial dilution made from
6 |dilution 6 of Run 4 dilution 63.3 7.50x10% |7.50x10t ng C05-C12
series

Upon testing the new primers in areal-time PCR reaction, the AGF primers gave

good preliminary results, however the more specific SNA primers gave unusual fluorescence

patterns. These primers were not capable of amplifying properly in real-time PCR. They

caused fluorescence to drop off sharply after a peak, instead of forming a plateau as expected.

A number of different factors were investigated to try to resolve this problem: annealing

temperature, template concentration, genomic DNA versus PCR product as template, purified

versus unpurified PCR product as template, well position on the PCR plate and primer

concentration. The amplification curves of real-time runs testing these parameters are shown

in Figures 2.12-2.19. Table 2.8 summarizes some of the real-time PCR runs testing several
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parameters. For each run, aserial 10-fold dilution was made of template DNA over the range
of concentrations indicated in Table 2.8. The primers used for al reactions were the newly

designed real-time primers.

As the figures show, none of the factors tested in these six real-time PCR runs seemed
to resolve the issue of the decreasing fluorescence. Each run had multiple samples which did

not amplify correctly.
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After testing purified versus unpurified PCR product, SNA primers versus bacterial
primers, template concentration and well position, the next factor tested was annealing
temperature. Three template amounts (0.075, 0.0075, 0.00075 ng) were tested at four
annealing temperatures (55.8, 58.9, 63.3, 65°C). Asseenin Figure 2.18, most of the samples
did not amplify properly. The next target of investigation was the template. Three different
concentrations of genomic DNA (26, 2.6 and 0.26 ng) were used as target instead of PCR
product, again the fluorescence decreased in most of the samples instead of forming a plateau
as expected (Figure 2.19). Also tested in the same PCR run were the primers themselves.
Genomic DNA with the same concentrations listed previously was amplified with the
primers designed for cPCR. Finally, this run gave good results. The fluorescence curve is
flat a the initial part of the run, increases during the exponential phase, and then forms a

plateau at the end of the reaction (Figure 2.20).

Next, PCR product generated from genomic DNA and SNA cPCR primers, in a 10X
dilution series ranging from 5 x 10%ng/ nL to 5x 10°® ng/ L was used as template in a real-
time reaction. The results showed excellent fluorescence and standard curves (Figures 2.21-
2.22). The standard curve had an R?= 0.999 and an efficiency of 106.2% which indicates a
high quality standard curve. However, since it was determined that the cPCR primers were
not specific enough, the primers were redesigned once again, using the iterative procedure
described previously. The final result of the primer design is listed in Table 2.5 of Section

2221
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After deciding on the final sequences of the SNA and AGF primers, the annealing
temperature for the primers was optimized. The temperature range tested was 55-65°C. The
results for AGF reveal no real difference between the annealing temperatures. For SNA, the
temperature that gave the lowest C; value was 65°C, however, the rest of the temperatures
had similar C; values and all amplified well; therefore an annealing temperature of 60°C was

chosen for both species (Figures 2.23-2.24).
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2.2.3.2 Real-time DNA and RNA Standards

After designing new primers for real-time PCR, the next step wasto generate
standard curves. Initially, the same primers used for real-time PCR to make the standard
curve were used to generatethe DNA standards. As stated earlier, thisresulted in
overestimation of the standard, meaning the spectrophotometer could quantify all of the
product, but only some of it could be amplified in the reaction. The standard curves
generated from these reactions are shown in Figures 2.26-2.29. For all of the graphs, the C;
value startsto tail off toward lower initial template concentrations. Since the assay is only
able to detect concentrations in the linear range, this would result in too high detection limits.
For SNA RNA, the detection limit would be 10® copies which means that the assay would
not be able to detect the presence of SNA RNA in an RNA extraction sample unless there are
more than 10° copies present. Fey et al. (12) had the same problem with using the same
primers for generating standards as running PCR reactions. The solution was to use different
primersto generate RNA and DNA standards that would create a larger amplicon

encompassing the sites for the real-time primers.

Figure 2.25 shows the results of the standard curves for SNA and AGF respectively,
after employing the same strategy adapted by Fey et al. Both RNA and DNA curves for
SNA are linear over arange of 10° copies. AGF DNA and RNA have linear ranges of 10™°
and 108 copies respectively. The detection limits of each assay are 954 and 2 copies for SNA
RNA and DNA respectively and 3,591 and 16 copies for AGF RNA and DNA respectively.

These limits were determined by taking the C; value of the no template control (NTC),

63



subtracting 3.3 (which corresponds to a 10-fold dilution) then calculating the corresponding
copy number (46). The limit for SNA DNA was determined by taking the highest C; value
(instead of the NTC) minus 3.3 since there was no amplification in the NTC for this assay.
Real-time PCR assays can be less accurate at very low copy numbers, therefore data outside
this limit was considered to be under the detection limit of the assay. Each data point is an
average of triplicate real-time reactions run from the same dilution set. The standard
deviation for AGF ranged from 0.10 to 0.31 and 0.09 to 0.54 for RNA and DNA respectively.
The ranges of standard deviations for SNA were 0.04-1.25 and 0.03-0.74 for RNA and DNA

respectively. The error bars are shown on the graph.
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Figure 2.26 - AGF DNA Standard curve attempt
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DNA dilution range = 8.7 - 0.7 log copies

20
183 o ]

163

=

Threshold Cycle

'4_|||||||||||||||||||||||||||||

1] 2 o i ] 10 12

Log Starting Quantity, copy number

—es—  5YER E=383.1% RA2=0.774 slope=-1.462.

Figure 2.27 - SNA DNA Standard curve attempt
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Figure 2.29 - SNA RNA Standard curve attempt
SNAS550R/SNA417F primerswere used to gener ate standards and run PCR. DNA dilution range = 10™°
copies - 1 copy
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2233 Specificity of SNA real-time primers

A Blast (Basic Local Alignment Search Tool) search was performed on all primersto
test the specificity in silico. The Blast results of real-time primers are shown in Appendix C.
Though the primers were designed for maximum specificity, the results of Blast show that
both the SNAS50R and SNA417F primers for SNA target a number of unclassified and
uncultivated organisms. Sequences that were targeted by both the forward and reverse
primers were chosen for a phylogenetic tree analysis to determine how similar these
organisms are to Sphaerotilus natans. The unknown organisms along with several SNA
species sequences and close relatives of SNA were aligned in the RDP phylogenetic tree
analysis program (8). The phylogenetic tree generated by the program is shown in Figure
2.30. The caveat included in the instructions of the program state that it is not to be used
guantitatively. Even so, the treeis still useful in providing basic information. Thistree
shows that the uncultivated and unclassified organisms are more similar to SNA than to
Leptothrix, Rubrivivax or 1deonella species which are close relatives of SNA. Therefore, the
primers are specific to SNA and unidentified “SNA-like” organisms. No tree was generated
for AGF primers because the combined specificity of these primers showed no bacteria other

than Arthrobacter spp. were targeted.
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Figure 2.30 - Phylogenetic tree showing sequencestar geted by SNA550R and SNA417F primers

The Blast searches and phylogenetic tree analysis determines specificity of the
primers to organisms other than SNA and AGF by comparing sequences. Another way to
test specificity is by running a melt curve after areal-time PCR run. Melt curves were
generated by increasing the temperature 0.5°C every 30 seconds after the end of a PCR run.
Asthe dsDNA denatures, the fluorescence decreases. The negative first derivative of the
fluorescence curve is plotted as a function against temperature (3). Each peak of the melt
curve represents one amplified product smilar to bands on an electrophoresisgel. Some
melt curves are shown in Figures 2.31-2.34. All of these melt curves show only one peak
indicating the primers were specific. The primers did not target other organisms in the North
Cary sludge. Also, they did not amplify other products within the SNA and AGF genomes,

and no primer-dimers were formed.
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Figure 2.32 - Mdt curve of RT-gPCR of N. Cary sampleswith SNA primers
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Figure 2.33 - Mdt curve of RT-gPCR of SNA chemostat samples - SNA
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Figure 2.34 - Mdt curve of RT-gPCR of AGF chemostat samples - AGF
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224 Conclusions

Real-time gPCR and real-time RT-gPCR assays were developed to quantify DNA and
RNA, respectively, for SNA and AGF. Development of the assay included primer design

and optimization, and generation of standard curves.

A total of four standard curves of C; versus log copy number of known amounts of

nucleic acid were generated. The equations for these curves are as follows:

SNA RNA log copy # = 12.515 * (C; value) — 0.316

SNA DNA log copy # = 9.793 * (C; value) —0.273

AGF RNA log copy # = 10.645 * (C; value) — 0.260

AGF DNA log copy # = 10.944 * (C; value) — 0.305
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3 Determining RNA:DNA versus mrelationship for Sphaerotilus natans &
Arthrobacter globiformis

3.1 Introduction

The 16S rRNA:DNA ratio has been correlated with growth rate (m for a number of
organisms. However, the relationship has been found to vary across different species. In
order to use the RNA:DNA ratio to determine in-situ growth rate of an organism, the

relationship between this ratio and growth rate must first be established.

The objective of this study was to determine the relationship between RNA:DNA
ratio and growth rate for bacterial species Sphaerotilus natans (SNA) and Arthrobacter
globiformis (AGF). Thisrelationship will be used to evaluate in-situ growth rates of these
organisms in activated sludge. The competition between filamentous and floc-forming
bacteria have long been studied, and the ability to determine in-situ growth rates of these
organisms could potentially contribute to better methods for control of filamentous bulking in

activated sludge.

The approach to determine the RNA:DNA versus mrelationship was to grow each
organism in pure culture at various growth rates usng chemostat reactors. The chemostat
reactor is a continuously stirred tank reactor (CSTR) used for culturing microorganisms. Ina
CSTR, hydraulic residence time (HRT) is equal to the mean cell residence time (MCRT), or
solids retention time (SRT), therefore the growth rate of organisms within the system can be
controlled simply by adjusting the liquid flow rate through the system. Growth rate is

calculated asthe inverse of the HRT. Reactorswere run in pure culture at five different
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growth rates for each organism ranging from 5 hoursto 5 days. RNA and DNA
concentrations were analyzed for samples from each SRT using the assay described above.

From this, the correlation curve was generated.
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3.2 M aterials and M ethods
321 Chemostat setup

The reactor was a 1L jacketed glass spinner flask with atop and two side-arms on
opposite sides of the vessel (Bellco 1965-51000). One side-arm was plugged with a
BugStopper™ closure (Whatman 6713-3010) which allows air to pass but filters out bacteria
and viruses. The other side arm was sealed with a rubber stopper with two glass tubes going
through it connected to feed and effluent lines. The detailed set-up of chemostatsis shown in
Figure 3.1. Table 3.1 liststubing and connector specifications. The effluent line began in the
flask with 11.5 cm of tubing 1 (Cole-Parmer 06424-67) connected to the glass tubing inside
the flask. On the other end of the glass tube, outside the flask, was 23 cm of tubing 1, then
approximately 150 cm of tubing 2 connected with connector 1. Tubing 2 led directly into the
effluent bottle, and was held in place with a foam stopper. The foam stopper and opening of
the effluent bottle was covered with aluminum foil. Tubing 1 was connected to the glass

tube by stretching it over the end of the glass tube.

The influent line began with approximately 10 cm of tubing 3 connected to the barbed
spout at the bottom of the influent bottle. Tubing 3 was connected to 15 cm of tubing 1,
which led to aone-way check valve (Bel-Art 197150000) to prevent backflow, to another 15
cmof tubing 1. Next was connector 1, then 90 cm of tubing 2, then another connector 1, 20
cm of tubing 1 which was connected to the glass tube in the rubber stopper. On the other end

of the glass tube was about 5 cm of tubing 1.
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Feed and effluent to each chemostat were pumped to and from the flask viaasingle
cartridge pump (Masterflex cartridge pump model # 7519-15, cartridge model #7519-85).
Two different pump motors were used, one with arange of 6-600 RPM (model # 7553-70)
for faster flow rates, and one with a range of 1-100 RPM (model # 7553-80) for slower flow
rates. Each pump required a speed controller: one pump was connected to a Masterflex
speed controller (model # 7553-17) and the other to a Stir-pak speed controller (model #
4554-12). Changing the rotation speed of the pump by adjusting the knob on the speed
controller allowed for coarse adjustment of flow rate. Fine tuning of flow rate was achieved
by adjusting the knob on the cartridge. This had the effect of flattening or un-flattening the

tubing.

Temperature was kept constant at 22°C viaawater jacket on the flask. The water
Jjacket had one barbed hose connector at the top and one at the bottom on opposite sides of
the flask. An aguarium pump circulated water from awater bath through the water jacket.
Tubing 3 was used to connect the lower barbed hose connector of the water jacket to
connector 3 which was connected to approximately 1.5m of tubing 4 which was connected to
the aguarium pump. On the effluent side of the water jacket, tubing 3 connected the higher
barbed hose of the water jacket to 1.5m of tubing 4 which dropped directly in the water bath.
The water bath was not capable of cooling water to 22° C, however it was capable of holding
the temperature steady at 22°C if cooler water was pumped in, therefore the water in the
water bath was circulated with water in a cooler filled with ice water (Figure 3.4). A
Masterflex pump similar to the ones on the effluent and feed lines was used to circulate water,

however Norprene tubing was used instead of tubing 2, because it was much more durable.
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All glass containers were kept in a Plexiglas box during operation of the chemostat in
an attempt to minimize contamination. Holes were drilled in the sides of the box to alow
tubing to be connected to pumps and the water bath. The flasks were equipped with

magnetic stir bars and were placed on top of mixers to maintain suspension of the cultures.

To reduce the possibility of contamination in the system, the entire reactor setup,
including media, feed and effluent bottles and all lines were set up and autoclaved for 1.5
hours. The system was inoculated by removing the BugStopper™, pouring in 100 mL of

culture grown overnight and quickly replacing the BugStopper™.

Table 3.1 - Chemostat partsand descriptions
Name Description Company | Cat. No.

Barbed fittings, Reducing Connector,
Connector 1 | Kynar, 1/8" x 1/16" ID, 1/32", 13/16", 7/32"; |Cole-Parmer| 30703-41

Barbed fittings, Reducing Connector,
Connector 2 | Kynar, 1/4" x 1/8" ID, 1/16", 1-15/32", 1/2" |Cole-Parmer| 30703-50

Tubing 1 C-FLEX ® tubing, 1/8"ID x 1/4"OD Cole-Parmer| 06424-67
Masterflex ® peroxide-cured silicone

Tubing 2 tubing, L/S ®13 ID = 0.03 in Cole-Parmer| 96400-13

Tubing 3 Clear C-FLEX ® tubing, 1/4"ID x 3/8"0OD |Cole-Parmer| 06422-10

vinyl tubing ID = 3/8", OD = 1/2" Fisher Sci. |14-169-7G
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Effluent bottle «

Feed bottle

Rubber stopper

Effluent line
M
Influent line BugStopper
Water jacket effluent
Tubing to
pump Magnetic stir-bar

Water jacket influent mixer

Figure 3.1 - Diagram of chemostat setup
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Figure 3.2 - Overall setup of chemostat reactors
From L to R: cooler, water bath, pump and controller 1, Plexiglas box containing chemostat/feed/effluent
systems 1& 2, pump and controller 2.

Figure 3.3 - Close-up of pump (to show fine and coar se adjustments)
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Figure 3.4 - Cooler and water bath setup

3.2.2 Chemostat operation

The volume in the chemostats was kept as close to 1L as possible. Tubing cut to
length on the effluent line was used as constant level-control to fix the volume in the reactor.
This was done by keeping flow rate in the effluent line slightly higher than in the feed line.

Chemostats were operated for at least 3x SRT to obtain steady state in the system.

The media used was prepared as recommended by ATCC. For SNA the feed was
diluted 2X, so that influent COD was at about 10,000 mg/L. The media for Arthrobacter

globiformis was nutrient broth (Difco 234000).

3.2.3 Measuring flow rate

The flow rate of the system was measured at the end of each run. The feed tube was

disconnected from the spinner flask and propped up at the same height so that the feed media
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could flow into a graduated cylinder. The flow rate was determined by measuring the time

needed to fill the cylinder up to a given volume.

3.24 Determining SRT

Solids retention time was calculated as the volume of liquid in the flask divided by

the flow rate of the feed, or SRT = V/F.

3.25 Collecting Samples

After running the chemostats for at least 3X SRT, the reactors were taken down for
sampling. The spinner flasks were placed on a mixer to maintain suspension of the culture
within alaminar flow hood to prevent contamination. As many 50 mL samples as possible
were taken from the well-mixed reactor. The volume of the reactor was measured by totaling
the number of 50 mL samples plus any residual liquid in the reactor. The samples were

pelleted, then the liquid portion was removed and the pellet stored immediately at -80°C.

3.2.6 Nucleic acid extraction

RNA and DNA extractions were performed using the RNeasy Mini Kit (Cat. No.
74104 ) for RNA and DNeasy Blood and Tissue Kit (Cat. No. 69504) for DNA from Qiagen.
Cell pellets intended for DNA extraction were pre-treated with the protocol for gram-positive
bacteria. The pre-treatment consisted of a 40 minute incubation at 37°C with enzymatic lysis
buffer (20 mM Tris-Cl, pH 8.0, 2 mM sodium EDTA, 1.2% Triton® X-100, lysozyme) and a
30 minute incubation at 56°C with proteinase K and a buffer containing a chaotropic salt.

After lysis, the mixture was purified with a spin-column protocol.
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Cells for RNA extraction were also pre-treated with lysozyme and proteinase K. The
protocol used was Protocol 4 from the RNAprotect Bacteria Reagent Handbook, however
steps 2-6 were omitted because the RNAprotect reagent can decrease RNA yield. Twenty niL
of proteinase K was used. All RNA extracts were DNased twice using Qiagen’s RNase-Free
DNase Set (Cat. No. 79254). The amount of DNase | was doubled for increased DNA
removal. Doubling the amount of DNase, required doubling the amount of buffer RDD,
Buffer RLT and ethanol during the purification protocol. 1n between the first and second

DNase reactions, the RNA was purified with the Qiagen RNeasy Mini Kit.

3.2.7 Solids M easurements

Total suspended solids (TSS) for chemostat samples were measured according to
Standard Methods (10). For TSS analysis of the chemostat samples, 45 mm filters
(Whatman) were prepared by drying at 105°C for at least 20 minutes, cooled in a dessicator
then the weight was recorded. Fifty mL of culture were used for analysis for each chemostat
run. Filters were weighed immediately before use and the weight was recorded (A).
Samples were heated at 105°C for 20 minutes, cooled in a dessicator, and then the weight
was recorded (B). TSS was calculated using the formula:

B- A
sample volume

TSS =

3)

Since the chemostats contained pure cultures, it is assumed that TSS =V SS.
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3.2.8 RNA:DNA versus mrelationship for SNA and AGF

The RNA:DNA versus mrelationship for each species was determined by running
pure culture chemostats a 5 different SRTs. Triplicate samples from each SRT were
collected for RNA and DNA extraction. Each extraction replicate wasthen run in triplicate
PCR reactions. The C; values from the PCR reactions were used to calculate the
concentration of RNA and DNA in the original culture sample using the standard curves and

Equation 4. Sample calculations are shown in Appendix G.
3.29 Calculating copy number

RNA and DNA concentrations from real-time PCR reactions were determined from
the standard curves. These are expressed as copy # per ni of original chemostat sample.
The formula used to convert copy # per PCR reaction to copy # per nL. of sampleisas

follows:

& copy# QX avolumeof DNA eluate
copy#  _ gPCR reaction g DNA extraction
m of sample aavol. of DNA eluated

_ = X (vol. of original culture sample)
PCRreaction

!
2 @

This copy number was converted to nanograms of RNA or DNA so that the
RNA:DNA ratio can also be expressed as ng RNA/ng DNA aswell. Thiswas done by

manipulating Equation 2.
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3.3 Results and Discussion

3.3.1 RNA:DNA versus mrelationship for SNA and AGF

Arthrobacter globiformis y =61.931x + 2.4686
R2=0.9797

14

12 1

=
o
L

oo
L

RNA:DNA (copy #)

0.00 0.05 0.10 0.15 0.20 0.25

Growth rate (h®)

Figure 3.5 - RNA:DNA ratio vs. specific growth rate of AGF
Each point isan average of all replicates, n=9 (three extractions, triplicate PCR run for each extraction).

Figure 3.5 shows that the relationship between growth rate and RNA:DNA ratio for
AGF is both positive and linear (R? = 0.98) for growth rates ranging from 0.008 to 0.090 h™.
The 0.203 h* data point was not included in the linear regression. Presumably at this point,
the cells have reached maximum capacity and the RNA:DNA ratio versus growth rate
relationship breaks down. The RNA:DNA ratios determined for AGF are in the range of
those determined for several other species including marine isolates (24), and resin-acid

degrading bacteria (34).



Sphaerotilus natans
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Figure 3.6 - RNA:DNA ratio vs. specific growth rate of SNA
Each point isan average of all replicates, n=9 (three extractions, triplicate PCR run for each extraction).

Figure 3.6 shows the relationship between RNA:DNA ratio and the growth rate of
SNA. The solid regression line is the one used to calculate the in-situ growth rate of SNA in
WWTP samples. The 3.5 day SRT (growth rate = 0.012 h) was omitted from this
regression line. Excessive biofilm formation inside the chemostat and on the walls of tubing
may have affected the growth rate of the bacteria at such along SRT. A second, dotted
regression line is shown with a very high R? value of 0.99, which excludes both the 6 hour
(growth rate = 0.15 h') and 3.5 day SRTs (growth rate = 0.012 h%). It seems that this may
be the more correct relationship, however, only more chemostat experiments could verify

whether or not thisistrue.
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3.3.2 Conclusions

The relationship between 16S rRNA:DNA ratio and growth rate for SNA and AGF
was determined using chemostat reactors and the real-time PCR assays described previously.
Each species was grown in pure culture chemostats at five different growth rates (SRTs). At
each growth rate, samples were collected for RNA and DNA extraction and quantitation by
real-time RT-gPCR and real-time qPCR respectively. The relationship was found to be
linear and positive for both SNA (R?= 0.58) and AGF (R? = 0.98). In-situ growth rate can be

determined using these equations:
SNA — RNA:DNA (copy #) = 19938 * (growth rate, h™) — 108.32,
m= 0.0363 - 0.1715 h*
AGF — RNA:DNA (copy # = 61.931 * (growth rate, h) + 2.4686,

m= 0.008 —0.0891 h*
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4 In-situ growth rate of SNA and AGF in wastewater

4.1 Introduction

The real-time PCR assay was used to quantify the amount of SNA and AGF DNA in
activated sludge samples collected from the Neuse River WWTP in Raleigh, NC. During
transportation from the WWTP to the lab, these samples were treated with three different
methods to determine the effect on RNA and DNA concentration. The three different
holding methods were: immediate freezing with ethanol and dry ice, holding on ice, and

holding at room temperature.

Additionally, samples from two previous studies were also analyzed. One study
determined the effect of readily metabolizable substrates on bulking (13). In this study by
Gulez (13) sequencing batch reactors (SBR) were inoculated with sludge from the Neuse
River WWTP in Raleigh, NC and fed different substrates to determine the effect on the
community structure and bulking. Molecular methods, FISH and denaturing gradient gel
electrophoresis (DGGE) were compared with traditional staining methods Gram and Neisser
staining to analyze the samples. The other sudy used membrane hybridization to survey the

filamentous population in different WWTPs across North Carolina (23).
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4.2 M aterials and M ethods

421 Sample holding treatment study

Sludge from North Cary (NC) was collected from the mixed liquor of the aeration
basin. The sludge was poured into aone gallon jug, and 15 mL aliquots were transferred into
sterile 15 mL conical centrifuge tubes. These samples were handled during transport with
three different holding treatments to determine if there was any significant effect on DNA
and RNA concentrations. The three treatments were: immediate freezing in a mixture of
ethanol and dry ice (E), holding on ice until processing (1) and holding at room temperature
with no ice (N) until processing. Approximately five of the 15 mL centrifuge tubes were
used for each holding treatment. Upon reaching the lab, approximately ten cell pellets were
made for each treatment by spinning down 2 mL of resuspended MLSS in sterile 2 mL screw
cap centrifuge tubes. The ethanol treatment samples were thawed at room temperature for
approximately 30 minutes before processing. Two 10 mL samples from the no-ice treatment
were used for solids analysis. The time between collection and start of processing for all

samples was not greater than two hours.

422 Nucleic acid extraction

Samples from the North Cary WWTP were extracted with MoBio Powersoil Kits for
RNA (Cat. No. 12866-25) and DNA (Cat. No. 12888-50). RNA was extracted using the
manufacturer’s protocol with no modifications. After extraction with the Powersoil kit, RNA

samples were DNased and purified twice as described in Section 3.2.6. The DNA protocol
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was modified to prevent loss of DNA sample. Modifications are marked on the
manufacturer’s protocol (Appendix D). Samples from both the substrate study and survey of

NC WWT Ps were extracted with Qiagen kits as described in Section 3.2.6.

423 Solids analysis

For wastewater treatment plant (WWTP) samples, both TSS and V SS were measured.
The filters were prepared by passing through (10 mL) of deionized water three times, dried
for 20 min at 105°C, then heated at 550°C until the weight changed by no more than 0.05 mg.
Filters were stored in adessicator a room temperature until use. 10 mL of ML SS collected
from the aeration basin of the WWTPs were used for solids analysis. After being filtered, the
sample was washed by passing 10 mL of deionized water through the filter. The sample was
dried at 105°C until the weight changed by no more than 0.05 mg and the weight was
recorded. Next the sample was incinerated at 550°C until the weight changed by no more

than 0.05 mg and the weight recorded.
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4.3 Results and Discussion

431 Sample holding treatment study

RNA and DNA were extracted from wastewater treatment plant samples using
MoBio Powersoil kits. Concentration and purity of the extracts were determined with the
NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington, Delaware). Redl-time
PCR was run on each sample in triplicate and the concentration of SNA and AGF DNA and
RNA in the extract were calculated from standard curves. From this number, SNA DNA and
RNA copy number in the original MLSS sample were calculated using Equation 4. AGF
DNA and RNA concentrations were below the detection limit of the assay, therefore the data
is not presented. Two-sided paired t-tests were performed on the SNA copy number/mL of
sample. Significant differences were found in DNA concentration between all methods and
in RNA concentrations for samples held on ice versus frozen immediately in ethanol and dry

ice (Table4.1).

Figure 4.1 shows SNA DNA decreasing with increasing temperature, but RNA
increasing with increasing temperature. Thisindicatesthe possibility that some cells are
dying at the higher temperature, but the cellsthat are living are more active. The objective of
this study was to determine how the holding method for transporting samples from WWTPs
to the lab would affect RNA and DNA concentrations in the samples, with the hope of
identifying the best method. The criterion for best method was highest yield of both DNA
and RNA. The no-ice treatment gave the highest concentration of SNA RNA but the lowest

concentration of SNA DNA. The EtOH/dry ice treatment gave the highest concentration of
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SNA DNA but the lowest concentration of SNA RNA. Since the ice method did not give the

lowest values for either DNA or RNA concentration, it was determined that holding onice is

the most suitable method for transporting samples.

Table 4.1 - Results of t-tests — Effect of holding methods on SNA DNA & RNA

SNA RNA SNA DNA
T-test p-value conclusion p-value conclusion
E and | 0.7935 not significantly different 0.0484 | significantly different
N and | 0.0508 not significantly different 0.0444 | significantly different
N and E 0.0191 significantly different 0.0002 | significantly different
North Cary S.natans
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4.3.2

EtOH/dry ice

Ice

Treatment type

No ice

ODNA ERNA

Figure 4.1 - SNA RNA and DNA in North Cary WWTP activated dudge

In-situ growth rate

In a previous study, sequencing batch reactors were inoculated with sludge from the

Neuse River (NR) WWTP in Raleigh, NC and fed various substrates to determine the effect

on community structure and bulking. Each reactor run lasted 10-12 days and the reactor was
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fed the same substrate from beginning to end. Samples were collected approximately every 2
days for staining and FISH analysis. Additional samples were collected for RNA and DNA
extraction (13). Three of these samples were chosen from each reactor run for growth rate
analysis, one from the beginning of the reactor run, one from the middle and one from the

end.

Results from this analysis are shown in Figure 4.2. Unfortunately, the in-situ growth
rate of only afew points could be determined with accuracy from the correlation curve.
Most of the data falls outside of the growth rate range determined with the chemostats.
However, if the growth rates are extrapolated from the curve assuming the relationship holds
for all possible growth rates, the data compares reasonably well with previously determined
FISH results (Figures 4.4 - 41.7). For glucose, the first FISH picture shows minimal SNA
while succeeding pictures show vastly increased levels of the filament. The growth rate data
reflects this change, increasing from 0.01 to 0.16 to 35.10 (h™). The same trend is seen for
propionate with the growth rate reflecting what the FISH pictures depict. Though FISH was
not done on the methanol sample, the growth rate shows a similar trend, but on a smaller
scale. Though FISH pictures show similar trends for acetate and pyruvate, this was not
reflected in the growth rate determinations. Both sets of samples showed increasing RNA
and DNA from beginning to end of the reactor run, however, the RNA did not increase
proportionately high enough to show increasing RNA:DNA ratios. This could be attributed
to possible overloading of the filter during RNA extraction. The optimal cell number for B.
subtilis as determined by Qiagen is 1x10°- 2.5x10° cells. AGF was under the detection limit

of the assay and therefore no datafor AGF is presented. See Appendix F for raw data
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The in-situ growth rates of SNA in activated sludge at the North Cary WWTP from
the different holding treatments are presented in Figure 4.3. Some data points were outside
of the range of the growth rate standard curve as determined from the chemostats, however
were included to show the trends of the data. Each bar presented is an average of nine data
points (3 extractions, 3 PCR runs per extraction). AGF DNA and RNA were below the

detection limit of the assay therefore no datais presented. See Appendix F for raw data.

Samples from another previous study (23), were also analyzed for in-situ growth rate.
The study was a survey of several North Carolina WWTPs, and used membrane
hybridization to determine the SNA abundance as a percentage of total RNA in the aeration
basin, RAS and foam of each plant. The samples chosen for analysis were from the aeration
basin of the following WWTPs: Town of St. Paul’s WWTP, Eagle Road WWTP in
Cramerton, Gunpowder Creek WWTP in Hudson, Town of Monroe WWTP and Long Creek
WWTP in Gastonia. Membrane hybridization determined that SNA was present at
abundances of 6.5%, 9%, 9%, 5.5%, and 10% of total rRNA respectively. However, with
real-time PCR, SNA was barely detectable (<100 copies/ mL of sample) and AGF was not
detectable in any of the samples therefore growth rate datais not presented. Raw datais
presented in Appendix F. Inability to detect SNA with real-time PCR is most likely due to
the fact that the samples were fairly old (collected in 2001) and the nucleic acids have

probably degraded with repeated freeze-thaw cycles.
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Figure 4.2 - Growth rate of SNA on different substrates
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Figure 4.3 - In-situ growth rate of SNA - North Cary WWTP
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Figure 4.4 - FISH image for SNA in glucose fed NR WWTP inoculated reactor
a) G1b) G2 c) G3, bar=50 pm (13)
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Figure 4.5 - FISH image for SNA in propionate fed NR WWTP inoculated r eactor
a) PR1 b) PR2 ¢) PR3, bar=50 pm (13)
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Figure 4.6 - FISH image for SNA in acetate fed NR WWTP inoculated reactor
a) Alb) A2 c) A3, bar=50 pm (13)
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Figure 4.7 - FISH image for SNA in pyruvate fed NR WWTP inoculated r eactor
PY1b) PY2c) PY3, bar=50 pm (13)
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4.4 Conclusions

The in-situ growth rate of SNA in several different types of samples was determined
by correlation to RNA:DNA using real-time PCR and RT-PCR to quantify DNA and RNA.
In samples from the North Cary WWTP, it was determined that the holding method during
transportation of the samples (ethanol/dry ice, ice, no ice) affects RNA and DNA
concentration, which will in turn affect the growth rate measurement. DNA seemed to
increase whereas RNA decreased with colder holding temperature. The most accurate
measure would result from processing immediately after collection, however, since this was

not feasible, holding the samples on ice would probably be best.

For samples from the substrate study, in-situ growth rate results for SNA were
compared with previously generated FISH pictures. The results from glucose and propionate
fed reactors seemed to agree well with the FISH pictures, while pyruvate and acetate growth
rate calculations did not. This could be attributed to a number of possible issues including

possible overloading of nucleic acid extraction filters or nucleic acid degradation.

The survey study samples were shown to contain some SNA by membrane
hybridization but SNA could not be detected with real-time PCR. Thisis most likely due to
the age of the samples, as they were collected in 2001. AGF could not be detected in any of

the samples.

99



5 Summary of Conclusions

The objective of this project wasto develop arelatively easy and fast method to
measure specific in-situ growth rate of afloc-forming and a filamentous bacterial speciesin
activated sludge. Being able to measure the in-situ growth rate of a particular species within
a complex mixed culture environment opens the doors to studying these organisms in a way
which has, until fairly recently, eluded microbiologists and engineers alike. This goal was
achieved for Sphaerotilus natans (afilament) and Arthrobacter globiformis (afloc-former)

using real-time quantitative PCR and correlating RNA:DNA ratio to growth rate.

The detection limits of each assay are 954 and 2 copies for SNA RNA and DNA
respectively and 3591 and 16 copies for AGF RNA and DNA respectively. The range of
growth rates which can be determined accurately from the correlation curves are 0.0363 —
0.1715 (h) for SNA and 0.008 — 0.0891 (h™) for AGF. The assay was used to determine in-
situ growth rates of AGF and SNA from three sources of WWTP samples, two of which are
from previous studies and one was collected from the North Cary WWTP. AGF could not be
detected in any of the samples. SNA was detected in the samples from the substrate effect
study (13) and at the North Cary WWTP but not in the samples from the NC WWTP survey
study (23). Unfortunately most of the SNA growth rates in the samples from the substrate
effect study were outside of the range of growth rate from the correlation curve, however if
the datais extrapolated as if the relationship holds for all growth rates, important information

on growth trends isrevealed. The real-time PCR assays were able to quantify change in
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growth rates of SNA as bulking progressed. Qualitative changes in filament levels, as shown

by FISH micrographs, corresponded with increasing growth rates of SNA.
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6 Recommendations for Future Work

Some recommendations are included here for work which could provide a more

complete picture of bulking caused by SNA using the information generated for this thesis.

1. The R?for the correlation curve for SNA RNA:DNA ratio versus growth rate could
potentially be higher if more data points are gathered. Since many of the RNA:DNA
ratios of SNA in samples from the substrate effect study were out of range on the high
side of the correlation curve, more focus should especially be put on obtaining

RNA:DNA ratios for the higher growth rates.

2. Thein-situ growth rate data of the substrate effect study reveals that the RNA:DNA ratio
can be used to track the growth rate of a certain population over time. Tracking the
growth rate of AGF and SNA before, during and after a bulking event using sequencing

batch reactors could reveal valuable information about floc and filament competition.

3. Sequencing batch reactors could also be used to investigate the effect of any number of
parameters on SNA growth rate. Parameters of interest include flow conditions

(completely mixed versus plug-flow) and particulate versus soluble substrate.

4. To complete the picture, a modeling component should be included such that the growth
rate data would be an input parameter into a model of a WWTP system which would be

able to accurately predict bulking events given certain operating parameters.
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5. Since some problems were encountered obtaining primers which were specific enough,
pre-cursor RNA and 23S rRNA could also be investigated as potential targets for

correlation to growth rate.

6. Preliminary work was completed to optimize RNA and DNA extraction procedures

(Appendix E). Additional work is needed as the methods are not fully optimized.
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8 Appendix A - Sequences

8.1 SPHAEROTILUSALIGNMENT SEQUENCES

zero
gi | 47280| enb| Z18534. 1| SN16SRDNA

S. natans 16S ri bosonmal DNA

caat cct cgagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaac
t acgct aat accgcat acgacccgagggt gaaagcgggggact cgcaagagcct cgcgcgat t ggagcggccga
t ggcagat t aggt agt t ggt ggggt aaaggcccaccaagcct gcgat ct gt agct ggt ct gagaggcgaccagc
cacact gggact gagacacggcccagact ct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcc
t gat ccagccat acgcgt gcgggaagaaggct t cgggtt gt aaaccgcetttt gt cagggaagaaat act ccggg
ct aat accct ggggt gat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgeggt aat ac
gt agggt gcaagcgtt aat cggaat t act gggcgt aaagcgt gcgcaggceggt t ct at aagacagat gt gaaat
ccccgggcet caacct gggaact gecat tt gt gact gt agagct agagt acggt agagggggat ggaat t ccgegt
gt agcagt gaaat gcgt agat at gcggaggaacaccgat ggcgaaggcaat cccct ggacct gt act gacgctc
at gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caactggttg
tt gggagggtttcttct cagt aacgaagaacgcgt gaagt t gaccgcct ggggagt acggccgcaagt gaaact
caaaggaat t gacggggacccgcacaagcgt ggat cgat gt ggt t t aat t cgat gcaacgcgaaaaacctt acc
taccctt gacat gt ct gaaat cct gcagagat gt gggagt gct cgaaagagaat cagaacacaggt gct gcatg
gccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaacccttgtcattagttgetac
gaaagggcact ct aat gagact gccggt gacaaaccgaggaaggt ggggat gacgt caggt cct cat ggccctt
at gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccag
aaaaccggt cgt agt ccggat cgcagt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat ca
gcttgeccgeggt gaat acgtt cccgggt ctt gt acacaccgceccgt cacaccat gggagcgggt ct cgccagaa
gt agtt agcct aaccgce

one
gi | 28372140| dbj | AB087568. 1

Sphaerotilus sp. L19 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
aaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttct cagt
aacgaagct aacgcgt gaagt t gaccgcect ggggagt acggccgcaaggt t gaaact caaaggaat t gacgggg
acccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagetcgtg
t cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cat cagtt gct acgaaagggcact ct gatg
agact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccctt at gggt agggct acac
acgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaat ccggt cgt agt ¢
cggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cncggt gaat
acgttcccgggt cttgtacacaccgcccgt cacaccat gggagecgggtt ct gccagaagt agtt agcct aaccg
caaggagggcgat t accacggcagggtt cgt ac
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t wo

gi | 28372139| dbj | AB0O87567. 1|

Sphaerotilus sp. L13 gene for 16S rRNA, partial sequence

att gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
aaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttct cagt
aacgaagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaaact caaaggaat t gacgggg
acccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagcet cgt

three

gi | 28372138| dbj | AB087566. 1

Sphaerotilus sp. L12 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
naacaggat t agat accct ggt agt ccacgccct ant cgat gt caact ggtt gt t gggagggtttcttct cagt
at cgaagct aacgcgt gnagt t ggccgcect ggggagt ncgt ccgcaaggt t naaact caaaggaat t gacgggg
acccgcacaagcggt gnat gat gt ggt t t aat t cnat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagct c

f our

gi | 28372136| dbj | AB087564. 1

Sphaerotilus sp. L7 gene for 16S rRNA, partial sequence

att gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
aaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttct cagt
aacgaagct aacgcgt gaagt t gaccgcect ggggagt acggccgcaaggt t gaaact caaaggaat t gacgggg
acccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagetcgtg
tcgta
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five

gi | 28372135| dbj | AB087563. 1

Sphaerotilus sp. L6 gene for 16S rRNA, partial sequence

att gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gct ggggagcaaacaggat
t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttct cagt aacgaagct
aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaaact caaaggaat t gacggggacccgcaca
agcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacct t acct accct t gacat ggcaggaat cccgc
agagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagct cgt gt c

si x

gi | 28372132| dbj | AB087560. 1

Sphaerotilus sp. L1 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
aaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttct cagt
aacgaagct aacgcgt gaagt t gaccgcect ggggagt acggccgcaaggt t gaaact caaaggaat t gacgggg
acccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagetcgtg
tcgt

seven
gi | 28372137| dbj | AB087565. 1

Sphaerotilus sp. L8 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaccggt agaggggcaaccct t gagagt gt cgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcgt ccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat gac
ggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegt t aat cg
gaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaac
tgcatttgtgact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat
at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggagc
aaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t ggaagggtttcttct cagt
aacgaagct aacgcgt gaagt t gaccgcct ggggagt acgcccgcaaggt t gt aact caaaggaat t gacgggg
acccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggcag
gaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagetcgtg
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t cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccct t gt cat cagtt gct acgaaagggcact ct gat g
agact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccct t at gggt agggct acac
acgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaccggt cgt agt ¢
cggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cgcggt gaat
acgttcccgggt cttgtacacaccgcccgt cacaccat gggagcgggt t ct gccagaagt agt t agcct aaccg
caaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aaca

ei ght

gi | 28372133| dbj | AB0O87561. 1|

Sphaerotilus sp. L2 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact t gagacacggcc
cagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgcegt gcg
ggaagaaggccttcgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat ga
cggt acct gaagaat aagcgccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagegtt aat c
ggaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaa
ctgcattt gt gact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt aga
t at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggag
caaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttctcag
t aacgaagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaaact caaaggaat t gacggg
gacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggca
ggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagcet cgt
gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cat cagt t gct acgaaagggcact ct gat
gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccctt at gggt agggct aca
cacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaccggt cgt agt
ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cgcggt gaa
tacgttcccgggtctt gt acacaccgcccgt cacaccat gggagcgggtt ct gccagaagt agtt agcct aacc
gcaaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aaca

ni ne

gi | 28372134| dbj | AB087562. 1|

Sphaerotilus sp. L3 gene for 16S rRNA, partial sequence

at t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacggg
t gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct
gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt
aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggccc
agact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcct gat ccagccat accgegt gcgg
gaagaaggccttcgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgt ggagaat ga
cggt acct gaagaat aagct ncggct aact acgt gccagcagccgceggt aat acgt agggt gcaagecgtt aat c
ggaat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaa
ctgcattt gt gact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt aga
t at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggag
caaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttctcag
t aacgaagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaaact caaaggaat t gacggg
gacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggca
ggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagcet cgt
gt

ten

gi | 4165069| gb| AF072915. 1| AF072915
Sphaerotilus sp. IF5 16S ri bosomal RNA gene, partial sequence
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agagt tt gat t at ggct cagat t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaac
cctt gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct ac
gct aat accgcat acgacct gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggecgat ggca
gatt aggt agt t ggt ggggt aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccaca
ct gggact gagacacggct cagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaannnt ga
t ccagccat accgegt gcgggaagaaggcect t cgggt t gt aaaccgetttt gt cagggaagaaat ctt ct ggge
t aat acct cgggaggat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgcggt aat acg
t agggt gcaagcgt t aat cggaat t act gggcgt aaagcgt gcgcaggeggt t ccat aagacagat gt gaaat ¢
cccgggct caacct gggaact geat t t gt gact gt ggagcet agagt acggt agagggggat ggaat t ccgegt g
t agcagt gaaat gcgt agat at gcggaggaacaccaat ggcgaaggcaat ccctt ggacct gt act gacgct ca
t gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt t gt
t gggagggt tt ct t ct cagt aacggagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaa
act caaaggaat t gacggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacct t
acct accctt gacat ggcaggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gc
at ggccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cat cagtt ge
t acgaaagggcact ct gat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggc
ccttat gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat ¢
ccagaaaaccggt cgt agt ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcgg
at cagaat gt cgcggt gaat acgt t cccgggt ct t gt acacaccgcccgt cacaccat gggagcgggt t ct gcc
agaagt agt t agcct aaccgcaaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aacaag
gt agccgt at cggaaggt gcggct ggat cacctcctttctg

el even
gi | 4165068| gb| AF072914. 1| AF072914
Sphaerotilus sp. IF4 16S ri bosomal RNA gene, partial sequence

agagt tt gattct ggct cagatt gaacgct ggcggt at gcct t acacgt gcaagt cgaacggt agaggggcaac
cctt gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaannnnn
nct aat accgcat acgacct gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggca
gatt aggt agt t ggt ggggt aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccaca
ct gggact gagacacggcccagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaancnt ga
t ccagccat accgcgt gcgggaagaaggcect t cgggt t gt aaaccgetttt gt cagggaanaaat ctt ct ggge
t aat acct cgggaggat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgcggt aat acg
t agggt gcaagcgt t aat cggaat t act gggcgt aaagcgt gcgcaggeggt t ccat aagacagat gt gaaat ¢
cccgggct caacct gggaact geat t t gt gact gt ggagcet agagt acggt agagggggat ggaat t ccgegt g
t agcagt gaaat gcgt agat at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct ca
t gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt t gt
t gggagggt tt ct t ct cagt aacgaagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaa
act caaaggaat t gacggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacct t
acct accctt gacat ggcaggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gc
at ggccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cat cagtt ge
t acgaaagggcact cct gat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat gg
ccct t at gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagcecaat
cccagaaaaccggt cgt agt ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgeg
gat cagaat gt cgcggt gaat acgt t cccgggt ctt gt acacaccgcccgt cacaccat gggagegggt t ct gc
cagaagt agt t agcct aaccgcaaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aacaa
ggt agccgt at cggaaggt gcggcet ggat cacctcctttctg

twel ve

gi | 4165070| gb| AF072916. 1| AF072916

Sphaerotilus sp. IF9 16S ri bosomal RNA gene, partial sequence

gt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagnnacnnt aat accgcat acgacc

t gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt gggg
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t aaaggcct accaagcect gcgat ct gt aget ggt ct gagaggacgaccagccacact gggact gagacacggcc
cagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaancnt gat ccagccat accgegt gcg
ggaagaaggcctt cgggtt gt aaaccgctttt gt cagggaagaaat ct t ct gggct aat acct cgggaggat ga
cggt acct gaagaat aagcaccggct aact acgt gccagcagccgcggt aat acgt agggt gcaagcgt t aat ¢
ggaat t act gggcgt aaagcgt gcgcaggeggt t ct at aagacagat gt gaaat ccccgggct caacct gggaa
ctgcattt gt gact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt aga
t at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgcet cat gcacgaaagcgt ggggag
caaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt t gt t gggagggtttcttctcag
t aacgaagct aacgcgt gaagt t gaccgcect ggggagt acggccgcaaggt t gaaact caaaggaat t gacggg
gacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacct t acct accct t gacat ggca
ggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagct cgt
gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccct t gt cat cagt t gct acgaaagggcact ct gat
gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccct t at gggt agggct aca
cacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaacggt cgt agt
ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cgcggt gaa
tatcgttcccgggtcttgtacacaccgcccgt cacaccat gggagcgggt t ct gccagaagt agt t agect aac
cgcaagga

thirteen

gi | 4165071| gb| AF072917. 1| AF072917

Sphaerotilus sp. I F14 16S ri bosomal RNA gene, partial sequence

gt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct nnnnt aat accgcat acgacc
t gagggt gaaagcgggggat cgcaagacct cgcgcegat t ggagcggeccgat ggcagat t aggt agt t ggt gggg
t aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggcc
cagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaancct gat ccagccat accgcegt gcg
ggaagaaggccttcgggtt gt aaaccgctttt gt cagggaagaaat ctt ct gggct aat acct cgggaggat ga
cggt acct gaagaat aagcaccggct aact acgt gccagcagccgceggt aat acgt agggt gcaagecgt t aatt
cggat t act gggcgt aaagcgt gcgcaggceggt t ccat aagacagat gt gaaat ccccgggct caacct gggaa
ctgcattt gt gact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt aga
t at gcggaggaacaccaat ggcgaaggcaat cccct ggacct gt act gacgct cat gcacgaaagcgt ggggag
caaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttctcag
t aacgaagct aacgcgt gaagt t gaccgcct gggggagt acggccgcaaggt t gaaact caaaggaat t gacgg
ggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat ggc
aggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagct cg
t gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccct t gt cat cagtt gct acgaaagggcact ct ga
t gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccct t at gggt agggct ac
acacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaccggt cgt ag
t ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cgcggt ga
atacgttcccgggtcttgtacacaccgcccgt cacaccat gggagcgggtt ct gccagaagt agt t agect aac
cgcaaggagggcgatta

fourteen

gi | 19744162| dbj | AB072236. 1

Sphaerotilus natans gene for 16S rRNA, partial sequence

gggacccgcacaagcgt ggat cgat gt ggt t t aat t cgat gcaacgcgaaaaacctt acct accctt gacat gt
ct gaaat cct gcagagat gt gggagt gct cgaaagagaat cagaacacaggt gct gcat ggccgt cgt cagct c
gt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cattagtt gct acgaaagggcact ct a
at gagact gccggt gacaaaccgaggaaggt ggggat gacgt caggt cct cat ggccct t at gggt agggct ac
acacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaccggt cgt ag
t ccggat cgcagt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagct t gccgeggt ga
atacgttcccgggtcttgtacacaccgcccgt cacaccat gggagcgggt ct cgccagaagt agt t agect aac
cgcaaggagggcgat t accacggcagggct cgt gact ggggt gaagt cgt acaaggt agccgt at cggaagg
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fifteen

gi | 504539]| gb| L33980. 1| SHLRRDC

Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)

agagt tt gat cat ggct cagatt gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaac
cct t gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct ac
gct aat accgcat acgacct gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggeccgat ggca
gat t aggt agt t ggt ggggt aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccaca
ct gggact gagacacggcc

si Xt een

gi | 504538]| gb| L33978. 1| SHLRRDB

Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)

agagt tt gat cat ggct cagat t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agggggagcaa
t cccct gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct
acgct aat accgcat acgacct gagggt gaaagcgggggaccgt aaggcct cgcgcgat t ggagcggcecgat gg
cagat t aggt agt t ggt ggggt aaaggcccaccaagcct gcgat ct gt agct ggt ct gagaggacgaccagcca
cact gggact gagacacgccc

sevent een

gi | 504537| gb| L33977. 1| SHLRRDA

Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)

agagt tt gat cat ggct cagat t gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggagcaat
cct cgagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct ac
gct aat accgcat acgacccgagggt gaaagcgggggact cgcaagagcct cgcgecgat t ggagcggecgat gg
cagat t aggt agt t ggt ggggt aaaggcccaccaagcct gcgat ct gt agct ggt ct gagaggacgaccagcca
cact gggact gagacacggcc

ei ght een

gi | 504536]| gb| L33976. 1| SHLRRD

Sphaerotilus natans 16S ri bosonal RNA (16S r RNA)

agagt tt gat cat ggct cagatt gaacgct ggcggt at gcct t acacat gcaagt cgaacggt agaggggcaac
cct t gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct ac
gct aat accgcat acgacct gagggt gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggca
gat t aggt agt t ggt ggggt aaaggcct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccaca
ct gggact gagacacggcc

ni net een

gi | 6667247| gb| L79964. 1| L79964

Ei kel bl oom type 1701 ri bosormal RNA gene, conpl ete sequence

tttgatcctgcect cagatt gaacgct gncgncat gectt acacat gcaagt cgaacggt agggggagcaat ccc
ct gagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgc
t aat accgcat acgacct gagggt gaaagcgggggacct gcaagggcct cgcgcgat t ggagcgeccgat gt ca
gat t aggt agt t ggt ggggt aaaagcct accaancct gcgat ct gt agct ggt ct gagaggacgaccagccaca
ct gggact gagacacggcccagact cct acgggaggcagcagt ggggaat tt t ggacaat gggcgcaagcect ga
t ccanccat gccgegt gcgggaagaaggcectt cgggtt gt aaaccgcetttt gt cagggaagaaat ccttt gggce
t aat accct ggagggat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgecggt aat acg
t agggt gcaagcgt t aat cggaat t act gggcgt aaagcgt gcgcaggeggt t gt gt aagacagat gt gaaat ¢
cccgggcet caacct gggaact gcat tt gt gact gcacagct agagt acggt agagggggat ggaatt ccgegtg
t agcagt gaaat gcgt agat at gcggaggaacaccgat ggcgaaggcagt cccct ggacct gt act gacgct ca
t gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt t gt
t gggagggt ttctt ct cagt aacgaagct aacgcgt gaagt t gaccgcat ggggagt acggccgcaaggt t gaa
act cnnaggaat t gacggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaacctt
acctacccttgacat gt ct gagat cct gcagt gt t gt gggngt gct cgaaagngaat cagaacacaggt gct gc
at ggccgt cgt cagct cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaacccttgtcattagttgce
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t acgaaagggcact t t aat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggc
ccttat gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat ¢
ccagaaaaccggt ngt agt ccggat cgcagt t t gcaant ngact gcgt gaagt cggaat cgct agt aa

twenty
gi | 1263136| enb| X97071. 1| LML6SRR

L.nobilis 16S r RNA gene

cagagtttgat cct ggct cagatt gaacgct ggcggcat gctttacacat gcaagt cgaacggt agaggggcaa
cccct gagagt ggcgaacgggt gagt aat gcat cggaacgt gcccagt agt gggggat agcccggcgaaagccg
gat t aat accgcat gagacct gagggt gaaagcgggggact cgcaagagcct cgcgct act ggagcggcecgat g
t cagatt agct agt t ggt ggggt aaaggcct accaaggcgacgat ct gt agct ggt ct gagaggacgaccagcc
acact gggact gagacacggcccagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaagcc
t gat ccagccat gccgegt gcgggaagaaggcect t cgggt t gt aaaccgcetttt gt cagggaagaaatcttctg
ggct aat accct gggaggat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgeggt aat
acgt agggt gcaagcgt t aat cggaat t act gggcgt aaagcgt gcgcaggceggt t at at aagacagat gt gaa
at ccccgggcet caacct gggaact gcat t t gt gact gt at agct agagt acggt agagggggat ggaat t ccgce
gt gt agcagt gaaat gcgt agat at gcggaggaacaccgat ggcgaaggcagt cccct ggacct gt act gacgc
t cat gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt
t gt t gggagggtttcttct cagt aacgt agct aacgcgt gaagt t gaccgcect ggggagt acggeccgcaaggt t
gaaact caaaggaat t gacggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaac
cttacctacccttgacat gct aggaat cct gcagagat gt gggagt gct cgaaagagaacct agacacaggt gc
t gcat ggccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt catt agt
t gct acgaaagggcact ct aat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat
ggccctt at gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagceca
at cccagaaaaccggt cgt agt ccggat cgcagt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cg
cggat cagct t gccgecggt gaat acgt t cccgggt ctt gt acacaccgcccgt cacaccat gggagcgggt t ct
gccagaagt agt t agcct aaccgcaaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aac
aaggt agccgt at cggaaggt gcggcet ggat cacctccttt

twent y- one

MAG sequence from 8F bacterial priner

t gagt gt agggt tt accacacat gcaagt cgaacggt agaggggcaaccct t gagagt ggcgaacgggt gagt a
at acat cggaacgt gcccagt cgt gggggat aacgt agcgaaagct acgct aat accgcat acgacct gagggt
gaaagcgggggat cgcaagacct cgcgcgat t ggagcggccgat ggcagat t aggt agt t ggt ggggt aaaggc
ct accaagcct gcgat ct gt agct ggt ct gagaggacgaccagccacact gggact gagacacggcccagact ¢
ct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaagcct gat ccagccat accgcgt gcgggaagaa
ggccttcgggtt gt aaaccgetttt gt cagggaagaaat cttct gggcet aat acct cgggaggat gacggt acc
t gaagaat aagcaccggct aact acgt gccagcagccgcggt aat acgt agggt gcaagcgtt aat cggaatta
ct gggcgt aaagcgt gcgcaggeggt t ccat aagacagat gt gaaat ccccgggct caacct gggaact gecat t
t gt gact gt ggagct agagt acggt agagggggat ggaat t ccgcgt gt agcagt gaaat gcgt agat at gcgg
aggaacaccaat ggcgaaggcaat cccct gggacct gt act gacgct cat gcacgaaagcgt ggggagcaaaca
ggat t agat acccct ggt agt ccacg

twent y-two
reverse conpl ement - MG sequence from 1492R bacterial primer

agat at gcggaggaacaccaat ggcgaaggcaat ccccct ggacct gt act gacgct cat gcacgaaagcgt gg
ggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggtt gt t gggagggtttcttc
t cagt aacgaagct aacgcgt gaagt t gaccgcct ggggagt acggccgcaaggt t gaaact caaaggaatt ga
cggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaaccttacct accctt gacat
ggcaggaat cccgcagagat gt gggagt gct cgaaagagaacct gcacacaggt gct gcat ggccgt cgt cagce
t cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt cat cagtt gct acgagagggcact ¢
t gat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat ggccct t at gggt agggc
t acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccagaaaaccggt cg
t agt ccggat cgt agt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat cagaat gt cgcgg
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t gaat acgt t cccgggt ct t gt acacaccgcccgt cacaccat gggagcggt t ct gccagaagt agt t agect a
at ct caccagt gacgact agagtt at cct gcc

twenty-three

gi | 26986476| enb| AJ534666. 1

Uncul tured beta proteobacteriumpartial 16S r RNA gene, clone S15A- MN107

t gacgct ggcggcat gcct t acacat gcaagt cgaacggcagcgcgggagcaat cct ggcggcgagt ggcgaac
gggt gagt aat at at cggaacgt gcccaagagt gggggat aact agt cgaaagat t ggct aat accgcat acga
t ct at ggat gaaagt gggggat t cgcaaggacct cat gct cct ggagcggcecgat at ct gatt agct agt t ggt
ggggt aaaggcccaccaaggct t cgat cagt agct ggt ct gagaggacgaccagccacact gggact gagacac
ggcccagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaagcct gat ccagcaat gccgceg
t gt gt gaagaaggcctt cgggt t gt aaagcact tt t gt cagggaagaaacggtt ct ggccaat acccggagct a
at gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgcggt aat acgt agggt gcaagcegt t
aat cggaatt act gggcgt aaagcgt gcgcaggeggt t at gt aagt cagat gt gaaat ccccggcet cacct ggg
aattgcatttgagact gcat ggct agagt gt at cagaggggggt agaat t ccacgt gt agcagt gaaat gcgt a
aagat gt ggaagaat accgat ggcgaaggcagcccct ggat acact gacgct cat gcacgaaagcgt ggggagc
aacaggatt agat ccct ggt agt ccacgcctt aaacgat gt ct act agt gt cgggt ctt aat t gact t ggt aac
gcagct aacgcgt gaagt agaccgcct gggagt acggt cgcaagat t aaaact caaaggaat t gacggggaccc
gcacaagcggt ggat gat gt ggat t aat t cgat gcaacgcgaaaaaccttacct accctt gacat ggcaggaat
cccgcagagat gcgggagt gct cgaaagagaacct gcacacaggt gect gecat ggct gt cgt cagct cgt gt cgt
gagat gt t gggt t aagt cccgcaacgagcgcaacccttgtcattagttgctacatttggttgggcactctaatg
agact gccggt gacaaaccggaggaaggt ggggat gacgt caagt cct cat ggccctt at gggt agggct t cac
acgt cat acaat ggt acat acagagggccgccaacccgcgagggggagct aat cccagaaagt gt at cgt agt ¢
cggat t ggagt ct gcaact cgact ccat gaagt t ggaat cgct agt aat cgcggat cagcat gt cgcggt gaat
acgttcccgggt ctt gtacacaccgcccgt cacaccat gggagcgggt tt caccagaagt aggt agcct aaccg

caaggagggcgct t accacggt gggat t cgt gact gggg
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8.2 ARTHROBACTER ALIGNMENT SEQUENCES

00

gi | 35210320| dbj | AB089841. 1

Art hrobacter globiform s gene for 16S rRNA

t gaacgct ggcggcegt get t aacacat gcaagt cgaacgat gat ccggt gect t gcaccggggat t agt ggcgaa
cgggt gagt aacacgt gagt aacct gccct t gact ct gggat aagcct gggaaact gggt ct aat accggat at
gact cct cat cgcat ggt ggggggt ggaaagctttt gt ggtttt ggat ggact cgcggect at cagettgttgg
t gaggt aat ggct caccaaggcgacgacgggt agccggcct gagagggt gaccggccacact gggact gagaca
cggcccagact cct acgggaggcagcagt ggggaat at t gcacaat gggcgaaagcct gat gcagcgacgccgce
gt gagggat gacggcctt cgggtt gt aaacct ct tt cagt agggaagaagcgaaagt gacggt acct gcagaag
aagcgccggcet aact acgt gccagcagcecgceggt aat acgt agggcgcaagcegt t at ccggaatt at t gggegt
aaagagct cgt aggcggt tt gt cgcgt ct gccgt gaaagt ccggggct caact ccggat ct gcggt gggt acgg
gcagact agagt gat gt aggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat at caggaggaacac
cgat ggcgaaggcaggt ct ct gggcat t aact gacgct gaggagcgaaagcat ggggagcgaacaggat t agat
accct ggt agt ccat gccgt aaacgt t gggcact aggt gt gggggacat t ccacgttttccgcgecgt agct aa
cgcat t aagt gccccgect ggggagt acggccgcaaggct aaaact caaaggaat t gacgggggcccgcacaag
cggcggagcat gcggat t aat t cgat gcaacgcgaagaacctt accaaggct t gacat ggaccggaccgccgca
ga ggt t cacaggt ggt gcat ggt t gt cgt cagct cgt gt cgt gagat gt t
gggt t aagt cccgcaacgagcgcaaccct ggcggggact cat gggagact
gccggggt caact cggaggaaggt ggggacgacgt caaat cat cat gccccttat gt ctt gggecttcacgceatg
ct acaat ggccggt acaaagggt t gcgat act gt gaggt ggagct aat cccaaaaagccggt ct cagt t cggat
t ggggt ct gcaact cgaccccat gaagt cggagt cgct agt aat cgcagat cagcaacgct gcggt gaat acgt
t cccgggect t gt acacaccgecccgt caagt cacgaaagt t ggt aacacccgaagccggt ggect aacccecttg

t gggagggagccgt cgaaggt gggact ggcgat t gggact aagt cgt aacaaggt agccgt accggaagg

atacc = prinmng sites for creating standards

01

gi | 27530892| dbj | AB098573. 1

Art hrobacter globiformis gene for 16S rRNA, partial sequence

agagt tt gat cct ggct caggat gaacgct ggcggegt gct t aacacat gcaagt cgaacgat gat ccggt get
t gcaccggggat t agt ggcgaacgggt gagt aacacgt gagt aacct gccct t gact ct gggat aagcct ggga
aact gggt ct aat accggat at gact cct cat cgcat ggt ggggggt ggaaagcetttttgt ggttttggat gga
ct cgcggcect at cagett gt t ggt gaggt aat ggct caccaaggcgacgacgggt agccggcect gagagggt ga
ccggccacact gggact gagacacggcccagact cct acgggaggcagcagt ggggaat at t gcacaat gggcg
aaagcct gat gcagcgacgccgcgt gagggat gacggcectt cgggt t gt aaacct ct tt cagt agggaagaagc
gaaagt gacggt acct gcagaagaagcgccggct aact acgt gccagcagccgcggt aat acgt agggcgcaag
cgttatccggaatt attgggcgt aaagagct cgt aggcggttt gt cgegt ct gccgt gaaagt ccggggct caa
ct ccggat ct gcggt gggt acgggcagact agagt gat gt aggggagact ggaat t cct ggt gt agcggt gaaa
t gcgcagat at caggaggaacaccgat ggcgaaggcaggt ct ct gggcat t aact gacgct gaggagcgaaagc
at ggggagcgaacaggat t agat accct ggt agt ccat gccgt aaacgt t gggcact aggt gt gggggacattc
cacgttttccgcgcecgt agct aacgcat t aagt gccccgect ggggagt acggccgcaaggcet aaaact caaag
gaat t gacgggggcccgcacaagcggcggagcat gcggat t aat t cgat gcaacgcgaagaacct t accaaggc
t t gacat ggaccggaccgccgcagaaat gt ggtttctcctttt ggggecggtt cacaggt ggt gcatggttgtec
gt cagct cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccct cgttccat gt t gccagecgegt a
at ggcggggact cat gggagact gccggggt caact cggaggaaggt ggggacgacgt caaat cat cat gcccc
ttatgtcttgggcttcacgcat gct acaat ggccggt acaaagggtt gcgat act gt gaggt ggagct aat ccc
aaaaagccggt ct cagtt cggat t ggggt ct gcaact cgaccccat gaagt cggagt cgct agt aat cgcagat
cagcaacgct gcggt gaat acgtt cccgggcectt gt acacaccgceccgt caagt cacgaaagtt ggt aacaccc
gaagccggt ggcct aacccct t gt gggagggagecgt cgaaggt gggact ggcgat t gggact aagt cgt aaca
aggt agccgt accggaaggt gcggct ggat cacct cc
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02

gi | 15384500| gb| AF321068. 1| AF321068

Art hrobacter globiforms strain Ul7 16S ri bosormal RNA gene, parti al
sequence

gcagcgacgccgcegt gagggat gacggectt cgggt t gt aaacyt cttt cagt agggaagaagcgaaagt gacg
gt acct gcagaagaagcgccggct aact acgt gccagcagccgceggt aat acgt agggcgcgagcegt t at ccgg
aat t att gggcgt aaagagct cgt aggcggt tt gt cgcgt ct gccgt gaaagt ccggggcet t aaccccggat ct
gcggt gggt acgggcagact agagt gcagt aggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat a
t caggaggaacaccgat ggcgaaggcaggt ct ct gggct gt aact gacgct gaggagcgaaagcat ggggagcg
aacaggat t agat accct ggt agt ccat gccgt aaacgt t gggcact aggt gt gggggacat t ccacgttttcc
gcgccgt aget aacgcat t aagt gcccecgec

03

gi | 639803| enb| X80736. 1

A.globiform s 16S r DNA

cct ggct caggat gaacgct ggcggegt gect t aacacat gcaagt cgaacgat gat ccggt gct t gcaccgggg
at t agt ggcgaacgggt gagt aacacgt gagt aacct gccctt gact ct gggat aagcct gggaaact gggt ct
aat accggat at gact cct cat cgcat ggt ggggggt ggaaagctttt gt ggtttt ggat ggact cgcggecta
t cagctt gtt ggt gaggt aat ggct caccaaggcgacgacgggt agccggcect gagagggt gaccggccacact
gggact gagacacggcccagact cct acgggaggcagcagt ggggaat at t gcacaat gggcgaaagcct gat g
cagcgacgccgcegt gagggat gacggcct t cgggt t gt aaacct cttt cagt agggaagaagcgaaagt gacgg
t acct gcagaagaagcgccggct aact acgt gccagcagccgceggt aat acgt agggcgcaagcegt t at ccgga
att att gggcgt aaagagct cgt aggcggttt gt cgcgt ct gccgt gaaagt ccggggcet caact ccggatctg
cggt gggt acgggcagact agagt gat gt aggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat at
caggaggaacaccgat ggcgaaggcaggt ct ct gggcat t aact gacgct gaggagcgaaagcat ggggagcga
acaggatt agat accct ggt agt ccat gccgt aaacgt t gggcact aggt gt gggggacat t ccacgttttccg
cgccgt agect aacgcat t aagt gccccgect ggggagt acggccgcaaggct aaaact caaaggaat t gacggg
ggcccgcacaagcggcggagceat gcggat t aat t cgat gcaacgcgaagaacct t accaaggct t gacat ggac
cggaccgccgcagaaatgtggtttctcctttt ggggececggtt cacaggt ggt gcat ggtt gt cgt cagetcgtg
t cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccct cgtt ccat gt t gccagecgcegt aat ggcggggac
t cat gggagact gccggggt caact cggaggaaggt ggggacgacgt caaat cat cat gccccttatgtcttgg
gctt cacgcat gct acaat ggccggt acaaagggt t gcgat act gt gaggt ggagct aat cccaaaaagccggt
ct cagtt cggatt ggggt ct gcaact cgaccccat gaagt cggagt cgct agt aat cgcagat cagcaacgctg
cggt gaat acgt t cccgggectt gt acacaccgeccgt caagt cacgaaagt t ggt aacacccgaagcecggt gg

cctaacccct t gt gggagggagcecgt cgaaggt gggact ggcgat t gggact aagt cg

04

gi | 45504978| gb| AY561601. 1

Art hrobacter sp. RG 39 16S ri bosomal RNA gene, partial sequence

agat gaacgct ggcggcegt gect t aacacat gcaagt cgaacgat gat ccggt gctt gcaccggggat t agt ggc
gaacgggt gagt aacacgt gagt aacct gccctt gact ct gggat aagcct gggaaact gggt ct aat accgga
t at gact cct cat cgcat ggt ggggggt ggaaagcetttt gt ggtttt ggat ggact cgcggcect at cagctt gt
t ggt gaggt aat ggct caccaaggcgacgacgggt agccggcect gagagggt gaccggccacact gggact gag
acacggcccagact cct acgggaggcagcagt ggggaat at t gcacaat gggcgaaagcct gat gcagcgacgc
cgcgt gagggat gacggect t cgggt t gt aaacct ct tt cagt agggaagaagcgaaagt gacggt acct gcag
aagaagcgccggct aact acgt gccagcagccgeggt aat acgt agggcgcaagcegtt at ccggaatt att ggg
cgt aaagagct cgt aggcggt t t gt cgegt ct gccgt gaaagt ccggggcet caact ccggat ct gcggt gggt a
cgggcaggct agagt gat gt aggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat at caggaggaa
caccgat ggcgaaggcaggt ct ct gggcat t aact gacgct gaggagcgaaagcat ggggagcgaacaggatt a
gat accct ggt agt ccat gccgt aaacgt t gggcact aggt gt gggggacat t ccacgttttccgecgecgt age
t aacgcat t aagt gccccgcect ggggagt acggccgcaaggct aaaact caaaggaat t gacgggggcccgceac
aagcggcggagcat gcggat t aat t cgat gcaacgcgaagaacct t accaaggct t gacat ggaccggaccgcc

gcagagat g
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05

gi | 47280| enb| Z18534. 1

S. natans 16S ri bosonmal DNA

caat cct cgagagt ggcgaacgggt gagt aat acat cggaacgt gcccagt cgt gggggat aacgt agcgaaac
t acgct aat accgcat acgacccgagggt gaaagcgggggact cgcaagagcct cgcgcgat t ggagcggccga
t ggcagat t aggt agt t ggt ggggt aaaggcccaccaagcct gcgat ct gt agct ggt ct gagaggcgaccagc
cacact gggact gagacacggcccagact ct acgggaggcagcagt ggggaat t t t ggacaat gggcgaaagcc
t gat ccagccat acgcgt gcgggaagaaggct t cgggtt gt aaaccgcetttt gt cagggaagaaat act ccggg
ct aat accct ggggt gat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgeggt aat ac
gt agggt gcaagcgtt aat cggaat t act gggcgt aaagcgt gcgcaggceggt t ct at aagacagat gt gaaat
ccccgggcet caacct gggaact gecat tt gt gact gt agagct agagt acggt agagggggat ggaat t ccgegt
gt agcagt gaaat gcgt agat at gcggaggaacaccgat ggcgaaggcaat cccct ggacct gt act gacgctc
at gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caactggttg
tt gggagggtttcttct cagt aacgaagaacgcgt gaagtt gaccgcct ggggagt acggccgcaagt gaaact
caaaggaat t gacggggacccgcacaagcgt ggat cgat gt ggt tt aat t cgat gcaacgcgaaaaacctt acc
taccctt gacat gt ct gaaat cct gcagagat gt gggagt gct cgaaagagaat cagaacacaggt gct gcatg
gccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaacccttgtcattagttgetac
gaaagggcact ct aat gagact gccggt gacaaaccgaggaaggt ggggat gacgt caggt cct cat ggccctt
at gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagccaat cccag
aaaaccggt cgt agt ccggat cgcagt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cgcggat ca
gcttgeccgeggt gaat acgtt cccgggt ctt gt acacaccgceccgt cacaccat gggagcgggt ct cgccagaa
gt agtt agcct aaccgce

06

gi | 1263136| enb| X97071. 1

L.nobilis 16S r RNA gene

cagagtttgat cct ggct cagatt gaacgct ggcggcat gctttacacat gcaagt cgaacggt agaggggcaa
cccct gagagt ggcgaacgggt gagt aat gcat cggaacgt gcccagt agt gggggat agcccggcgaaagccg
gat t aat accgcat gagacct gagggt gaaagcgggggact cgcaagagcct cgcgct act ggagcggcecgat g
t cagatt agct agt t ggt ggggt aaaggcct accaaggcgacgat ct gt agct ggt ct gagaggacgaccagcc
acact gggact gagacacggcccagact cct acgggaggcagcagt ggggaat t t t ggacaat gggcgcaagcc
t gat ccagccat gccgegt gcgggaagaaggcect t cgggt t gt aaaccgcetttt gt cagggaagaaatcttctg
ggct aat accct gggaggat gacggt acct gaagaat aagcaccggct aact acgt gccagcagccgeggt aat
acgt agggt gcaagcgt t aat cggaat t act gggcgt aaagcgt gcgcaggceggt t at at aagacagat gt gaa
at ccccgggcet caacct gggaact gcat t t gt gact gt at agct agagt acggt agagggggat ggaat t ccgce
gt gt agcagt gaaat gcgt agat at gcggaggaacaccgat ggcgaaggcagt cccct ggacct gt act gacgc
t cat gcacgaaagcgt ggggagcaaacaggat t agat accct ggt agt ccacgccct aaacgat gt caact ggt
t gt t gggagggtttcttct cagt aacgt agct aacgcgt gaagt t gaccgcect ggggagt acggeccgcaaggt t
gaaact caaaggaat t gacggggacccgcacaagcggt ggat gat gt ggt t t aat t cgat gcaacgcgaaaaac
cttacctacccttgacat gct aggaat cct gcagagat gt gggagt gct cgaaagagaacct agacacaggt gc
t gcat ggccgt cgt cagcet cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccctt gt catt agt
t gct acgaaagggcact ct aat gagact gccggt gacaaaccggaggaaggt ggggat gacgt caggt cct cat
ggccctt at gggt agggct acacacgt cat acaat ggccggt acagagggct gccaacccgcgagggggagceca
at cccagaaaaccggt cgt agt ccggat cgcagt ct gcaact cgact gcgt gaagt cggaat cgct agt aat cg
cggat cagct t gccgecggt gaat acgt t cccgggt ctt gt acacaccgcccgt cacaccat gggagegggt t ct
gccagaagt agt t agcct aaccgcaaggagggcgat t accacggcagggt t cgt gact ggggt gaagt cgt aac
aaggt agccgt at cggaaggt gcggcet ggat cacctccttt

07 (close relative of A globiforms)

gi | 13276764| enb| AJ409095. 1

M crococcus | uteus 16S rRNA gene, strain D7

cat gcaagt cgaacgat gaagcccagnnt gct ggt ggat t aat ggcgaacgggt gagt aacacgt gagt nacct
gccct t aact ct gggat aagcct gggaaact gggt ct aat accggat aggagcgt ccaccgcat ggt gggt gt t

121



ggaaagat tt at cggttttggat ggact cgcggcct at cagcet t gt t ggt gaggt aat ggct caccaaggcgac
gacgggt agccggcct gagagggt gaccggccacact gggact gagacacggcccagact cct acgggaggcag
cagt ggggaat at t gcacaat gggcgaaagcct gat gcagcgacgccgcgt gagggat gacggcctt cgggttg
t aaacct cttt cagt agggaagaagcgaaagt gacggt acct gcagaagaagcaccggct aact acgt gccagce
agccgcggt aat acgt agggt gcgagegt t at ccggaat t at t gggegt aaagagcet cgt aggeggt tt gt cge
gt ct gt cgt gaaagt ccggggct t aaccccggat ct gcggt gggt acgggcagact agagt gcagt aggggaga
ct ggaat t cct ggt gt agcggt ggaat gcgcagat at caggaggaacaccgat ggcgaaggcaggt ct ct gggce
t gt aact gacgct gaggagcgaaagcat ggggagcgaacaggat t agat accct ggt agt ccat gccgt aaacg
tt gggcact aggt gt ggggaccat t ccacggt tt ccgcgecgecagcet aacgeat t aagt gccccgect ggggag
t acggccgcaagst aaaact caaaggaat t gacgggggcccgcacaagcggcggacat gcggat t aatt cgat g
caacgcgaagaacctt accaaggct t gacat gt t ct cgat cgccgt agagat acggt ttcccct tt ggggcggag
tt cacaggt ggt gcat ggt t gt cgt cagct cgt gt cgt gagat gt t gggt t aagt cccgcaacgagcgcaaccce
tcgttccat gtt gccagcacgt aat ggt ggggact cat ggaagact gccggggt caact cggaggaaggt gagg
acgacgt caaat cat cat gccccttat gt ct t gggct t cacgcat gct acaat ggccggt acaat gggt t gcga
t act gt gaggt ggagct aat cccaaaaagccggt ct cagt t cggat t ggggt ct gcaact cgaccccat gaagt
cggagt cgct agt aat cgcagat cagcaacgct gcggt gaat acgt t cccgggectt gt acacaccgeccgt ca
agt cacgaaagt t ggt aacacccgaagccggt ggcct aaccct t gt ggggggagcecgt cgaaggt gggaccagce
gat t gggact aagt ngt aacaagg

08 (anot her close relative)

gi | 19069510| enb| AJ415376. 1

Brachybact eri um rhammosum partial 16S rRNA gene, type strain LMs 19848T
gacgaacgct ggcggcegt gct t aacacat gcaagt cgaacgat gacgaccgagctt gct cggt ct gat t agt gg
cgaacgggt gagt aacacgt gagcaacct gccctt cact ct gggat aacct cgggaaat cggggct aat accgg
at at gagct cct gt cgcat ggcgggt gt t ggaaagt tt t t cggt gaaggat gggct cgcggect at cagttt gt
t ggt gaggt agt ggct caccaaggcgat gacgggt agccggcect gagagggcgaccggcecacact gggact gag
acacggcccagact cct acgggaggcagcagt ggggaat at t gcacaat gggcgaaagcct gat gcagcgacgc
cgcgt gagggat gacggect t cgggt t gt aaacct ct t t cagcagggaagaagcgaaagt gacggt acct gcag
aagaagcgccggct aact acgt gccagcagccgeggt aat acgt agggcgcaagcegtt gt ccggaatt att ggg
cgt aaagagct t gt aggt ggctt gt cgegt ct gccgt gaaaacccgaggcet caacct cgggegt gcggt gggt a
cgggcaggct agagt gt ggt aggggagact ggaact cct ggt gt agcggt gaaat gcgcagat at caggaagaa
caccgat ggcgaaggcaggt ct ct gggccat t act gacact gagaagcgaaagcat ggggagcgaacaggatt a
gat accct ggt agt ccat gccgt aaacgt t gggcact agat gt ggggaacat t ccacgttttccgegt cgt agc
t aacgcat t aagt gccccgcect ggggagt acggccgcaaggct aaaact caaaggaat t gacgggggcccgceac
aagcggcggagcat gcggat t aat t cgat gcaacgcgaagaacct t accaaggct t gacat gcaccggacgact
ccagagat ggggttttcttcggact ggt gcacaggt ggt gcat ggtt gt cgt cagct cgt gt cgt gagatgttg
ggt t aagt cccgcaacgagcgcaaccct cgtt ccat gt t gccagcgegt aat ggcggggact cat gggagact g
ccggggt caact cggaggaaggt ggggacgacgt caaat cat cat gccccttat gt ctt gggctt cacgcat gc
t acaat ggccggt acaaagggt t gcgaaact gt gaggt ggagcgaat cccaaaaagccggt ct cagtt cggatt
ggggt ct gcaact cgaccccat gaagt cggagt cgct agt aat cgcagat cagcaacgct gcggt gaat acgtt
cccgggcectt gt acacaccgceccgt caagt cacgaaagt cggt aacacccgaagccagt ggcccat cct cgt ga

gggagct gt cgaaggt gggat cggt gat t gggact aagt cgt aacaaggt agccgt accggaagg

09

gi | 40456396| gb| AY509239. 1

Art hrobacter rhonbi strain S189 16S ri bosomal RNA gene, partial sequence
cgt gctt aacacat gcaagt cgaacgat gat cccggt gctt gcaccgggt gat t agt ggcgaacgggt gagt aa
cacgt gagt aacct gcccccgact ct gggat aagcccgggaaaccgggt ct aat accggat attcacttccttc
cgcat gggggot ggt ggaaagat t t cat cggt gggggat ggact cgcggcect at cagett gt t ggt ggggt aat
ggcccaccaaggcgacgacgggt agccggcect gagagggt gaccggccacact gggact gagacacggcccaga
ct cct acgggaggcagcagt ggggaat at t gcacaat gggcgcaagcct gat gcagcgacgccgcgt gagggat
gacggccttcgggtt gt aaacctcttt cagt agggaagaagcgaaagt gcggt acct gcagaagaagcgccggce
t at acgt gccagcagccgceggt aat acgt agggcgccaagcegt t at ccggaat t at t gggecgt aaagagct cgt

aggcggt t t gt cgegt ct gccgt gaaagt ccggggcet caaccccggat ct gcggt gggt acgggcaggct agag
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t gat gt aggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat at caggaggaacaccgat ggcgaag
gcaggt ct ct gggcat t aact gacgct gaggagcgaaagcat ggggagcgaacaggat t agat accct ggt agt
ccat gccgt aaacgt t gggcact agat gt gggggacat t ccacgt t tt ccgegt cgt agct aacgcatt aagt g
ccccgect ggggagt acggccgcaaggcet aaaact caaaggaat t gacgggggecccgcacaagcggcggagcat
gcggatt aat t cgat gcaacgcgaagaacct t accaaggct t gacat gggccggat cgccgcagaaat gt ggt t
tccccttt ggggecggt t cacaggt ggt gecat ggt t gt cgt cagcet cgt gt cgt gagat gt t gggt t aagt ccc
gcaacgagcgcaaccct cgtt ccat gt t gccagcacgt gat ggt ggggact cat gggagact gccggggt caac
t cggaggaaggt ggggacgacgt caaat cat cat gcccct t at gt ct t gggcet t cacgcat gct acaat ggccg
gt acaat gggt t gcgat act gt gaggt ggagct aat cccaaaaagccggt ct cagtt cggat t ggggt ct gcaa
ct cgaccccat gaagt cggagt cgct agt aat cgcagat cagcaacgct gcggt gaat acgtt cccgggecttg
t acacaccgcccgt caagt cacgaaagt t ggt aacacccgaagccggt ggcaacccct t t gt gggagggagecg
t cgaaggt gggaccgcgat t gggact aagt cgt aaca

10

>AG-_4- 8F 84..809 of trace file (MAG Sequence with 8F prinmner)

G aacct gccctt gact ct gggat aagcct gggaaact gggt ct aat accggat at gact cct cat cgcat ggt
ggggggt ggaaagcetttt gt ggttttggat ggact cgcggcect at cagett gt t ggt gaggt aat ggct cacca
aggcgacgacgggt agccggcect gagagggt gaccggccacact gggact gagacacggcccagact cct acgg
gaggcagcagt ggggaat at t gcacaat gggcgaaagcct gat gcagcgacgccgcgt gagggat gacggcectt
cgggt t gt aaacctcttt cagt agggaagaagcgaaagt gacggt acct gcagaagaagcgccggcet aact acg
t gccagcagccgceggt aat acgt agggcgcaagcegt t at ccggaatt att gggcgt aaagagct cgt aggcggt
tt gt cgcgt ct gccgt gaaagt ccggggcet caact ccggat ct gcggt gggt acgggcagact agagt gat gt a
ggggagact ggaat t cct ggt gt agcggt gaaat gcgcagat at caggaggaacaccgat ggcgaaggcaggt ¢
t ct gggcat t aact gacgct gaagagcgaaagcat ggggagcgaacaggat t agat accct ggt agt ccat gcc
gt aaacgt t gggcact aggt gt gggggacatt ccacgtttt ccgcgecgt agct aacgce

11

>AGF4R- 1492R 74..798 of trace file (MAG Sequence with 1492R pri mer)
gggcggt gt gt acaaggcccgggaacgt at t caccgcagegtt gect gat ct gcgatt act agcgact ccgactt
cat ggggt cgagt t gcagaccccaat ccgaact gagaccggctttttgggattagct ccacct cacagt at cgc
aaccctttgtaccggccatt gt agcat gcgt gaagcccaagacat aaggggcat gat gattt gacgt cgtcccc
accttcctccgagttgaccccggcagt ct cccat gagt ccccgecatt acgecgcet ggcaacat ggaacgagggt
t gcgct cgtt gcgggact t aacccaacat ct cacgacacgagct gacgacaaccat gcaccacct gt gaaccgg
ccccaaaaggagaaaccacat ttct gcggcggt ccggt ccat gt caagectt ggt aaggttcttcgegttgceat
cgaat t aat ccgcat gct ccgeecgcett gt gcgggeccccgtcaattcctttgagttttagectt gecggecgt ac
t ccccaggcggggcact t aat gcgt t agct acggcgcggaaaacgt gt aat gt cccccacacct agt gcccaac
gtttacggcat ggact accagggt at ct aat cct gt t cgct ccccat getttcgcet cct cagegt cagttaatg
cccagagacct gccttcgecat cggtgttcct cct gat at ct gcgcatttcaccgceta
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9 Appendix B —Processfor creating RNA Standard for cPCR

PCR to make T7 PCR product (11/07/06)

In-Vitro transcription (11/13/06) of T7 PCR products

RT-PCR results (show gel 11/14/06) -> -RT product shows DNA contamination

12/14/06-12/18/06: retry process (Dnase 11/13/07 product and did RT-PCR again, show

gel 12/18/06) no productsin any wells except + control

12/20/06 —ran PCR of RT results again, diluted RT productsto 20 ng/uL to use as

template, products were positive but did not run + controls with AGF/SNA primers

1/17/07 — repeated in vitro transcription (templates = 11/07/06 PCR product)

02/09/07 — gtarted with new SNAF3 primer (PCR with T7 primer, PCR clean up, in vitro

with Epicentre, Dnase and purified

8. 02/10/07 — Dnase and purified AGF in vitro product from 1/17/07, RT reaction with SNA
& AGF

9. 2/12/07 — PCR of RT products

10. 2/13/07 —ran gel (-RT controls showed bright bands, + control did not show band at all)

11. 02/13/07 —repeated in-vitro

12. 02/14/07 — Dnased and purified in-vitro products

13. 02/17/07 — RT-PCR of in vitro products

14. 2/19/07 — Gel of RT-PCR results (-RT showed bright bands again)

15. 2/20/07 — tested Dnase (ambion and Epicentre) and RT kits (Ambion), both Dnases were
working fine, RT kits were variable!

16. 03/06/07 — repeated invitro (Epicentre)

17. 03/08/07 —Dnased (Epicentre) & purified invitro products

18. 03/09/07 — Dnased again (Ambion), RT-PCR, comparing I-script vs. ambion RT kits

19. 03/13/07 — GEL of RT-PCR results

20. 03/21/07 — tested I script one step real-time RT-per (ran one sample of each RNA
template & NTC, did not run -RT controls, real time results showed AGF was overloaded,
but looks like SNA worked)

21. 03/27/07 — Riboprobe invitro transcription, Dnased invitro product with 2X with ambion
kit

22. 03/29/07 — 1 step RT-PCR (show real time results)

23. 04/04/07 — RT-PCR to make RNA standard curves (results = very high detection limit!)

24. redesigned primers

25. 5/14/07 - PCR with new SNA standard primers, giagen cleanup, riboprobe invitro, gel to
check T7 PCR result

26. 5/28/07 - repeat above process for new AGF standard primers, PCR with T7, cleanup
DNA with giagen kit, riboprobe invitro, cleanup RNA with giagen kit, RT-PCR (SNA
and AGF together)

27. repeated experiments until we got the standard curves we wanted

28. present standard curve results

Ea ORI N

o1

No
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10 Appendix C —Blast results

SNA229F — cPCR

Eaqoences prodnoing silgndficent aliprenente:
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SNAS550R — cPCR and real-time PCR
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SNA1068R —first set of real-time primers
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SNA1068R (cont’d)
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SNA958F — first set of real-time primers
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SNA417F —real-time primer

[V RV N

Accession

EF1459790
EF149789,
EF149698,
EF140095
&Y 738254,
4758250
4F175607,
LF24777S,
4537080,
4Y5370383,
&YS37029
&Y537014,
4537011
4YS36982,
&YS36974,
&Y536940,
4537370,
474031590
44031569,
&YS01613
4212645,
DO106968.1
4Y337603.1
4F523022.1
4R205965.1
4R205863.1
4R158681.1
DE4641.1
4p211233.1
4Y345923 .1
4F525829.1
41318109.1
41318108.1
4ROBT576.1
ABOBT575.1
LROBTS74.1
4ROBTS72.1
4ROBTS571.1
4BOST570.1
4ROBT563.1
4ROETS68.1
4ROBTS67.1

(R AR ISP AR AP (PR PP (PR TR P P AN [ PP A PP PP (P rF T

Description

Uncultured bacterium F1Clone131 165 ribosomal RNA gene, partial sequence
Uncultured bacterium F1Clone130 165 ribosomal RNA gene, partial sequence
Uncultured bacterium FiClone2 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone RNL1CIone41 165 ribosomal RMA gene, partial seguence
Uncultured bacterium clone 20K-9 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone 20K-1 165 ribosomal RMA gene, partial sequence
Uncultured eubacterium WIGRT-62 165 ribosomal RNA gene, partial sequence
Uncultured bacteriurm DFO3 165 ribosomal RMA gene, partial sequence
Uncultured bacterium clone mdt16h02 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone mdtl6c07 165 ribosomal RNA gene, partial seguence
Uncultured bacterium clone mdtl6c02 165 ribosomal RMNA gene, partial sequence
Uncultured bacterium clone mdt16a08 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone mdtl6a04 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone mdt15f07 165 ribosomal RMA gene, partial sequence
Uncultured bacterium clone mdt1Se11 165 ribosomal RMA gene, partial sequence
Uncultured bacterium clone mdtlSb12 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone mek62d11 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone oc49 165 ribosomal RNA gene, partial sequence
Uncultured bacterium clone oc25 165 ribosomal RMA gene, partial sequence
Uncultured prokaryote isolate DGGE band TDW-5(B) 165 ribosomal RNA gene, partial sequ
Uncultured bacterium clone 192up 165 ribosomal RMA gene, partial sequence
Uncultured bacterium clone RABC-BE7 165 ribosomal RNA gene, partial sequence
Beta protecbacterium HS5/524542 165 ribosomal RMA gene, partial sequence
Uncultured Aguabacterium sp, clone C-7 165 ribosomal RNA gene, partial sequence
Uncultured bacterium gene for 165 rRMA, partial sequence, clone:0S-24
Uncultured bacterium gene for 165 rRMA, partial sequence, clone:12C-M31
Uncultured bacterium gene for 165 rRMA, partial sequence, isolate: 37-05

Beta proteochacterium 524542 gene for 165 ribosomal RMNa, partial sequence
Ideonella sp. 0-00132 gene for 165 rRMA, partial sequence

Uncultured bacterium clone DR-132 165 ribosomal RMA gene, partial sequence
Uncultured soil bacterium clone G12-1236-5 small subunit ribosomal RNA gene, partial seq
Uncultured beta proteobacterium 165 rRMA gene, clone BlIcil3b

Uncultured beta protenobacterium 165 rRNA gene, clone Blcil3

Leptothrix sp. L18 gene for 165 rRNA, partial sequence

Leptothrix sp. L17 gene for 165 rRNA, partial sequence

Leptothrix sp. L16 gene for 165 rRNA, partial sequence

Leptothrix sp. L11 gene for 165 rRMNA, partial sequence

Leptothrix sp. L10 gene for 165 rRNA, partial sequence

Leptothrix sp. LS gene for 165 rRMNA, partial sequence

Leptothrix sp. L4 gene for 165 rRMNA, partial sequence

Sphaerotilus sp. L19 gene for 165 rRNA, partial sequence

Sphaerotilus sp. L13 gene for 165 rRNA, partial sequence

Max

score
48.1
48.1
481

48.1
48.1
48.1
48.1

s
[ax]

N
sl

e
0

e
ax]

N
jul

N
el

e
=l

e
ax]

=
sl

N
0

e
=l

e
ax]

=
sl

N
0

e
ax]

s
[ax]
i

=
sl

N
0

e
ax]
i

s
[ax]

N
sl

e
0

e
ax]

N
jul

N
el

e
=l

e
ax]

=
sl

N
0

e
=l

e
ax]

=
sl

N
0

e
ax]

s
[ax]
i

I e T [ = (e O o (e [ (U Y P P

= [

I e T [ = (e O o (e [ (U Y P P

Total
score

43,
48,
48
48,
43
43,
48
48,
43,
42
48,
432
43,
48
48,
43
48,
48,
48
43,
42
48,
48
43,
42
48,
48,
43,
48,
48
43,
42
48,
48
43,
48,
48,
48,
43
48,
48
48,

e i i i e e

Query
coverage

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

E
— walue

2e-04
2e-04
3e-04
3e-04
2e-04
2e-04
3e-04
3e-04
2e-04
2e-04
3e-04
2e-04
2e-04
2e-04
3e-04
2e-04
2e-04
2e-04
3e-04
2e-04
2e-04
3e-04
3e-04
2e-04
2e-04
3e-04
3e-04
2e-04
2e-04
3e-04
2e-04
2e-04
2e-04
3e-04
2e-04
2e-04
2e-04
3e-04
2e-04
2e-04
3e-04
3e-04

Max
ident

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

130



SNA416F (cont’d)

AB0E7569.1  Leptothriz sp. L4 gene for 165 rRNA, partial sequence 48,1 48,1 100%, 3e-04 100%
ABDE7S56E8.1  Sphaerctilus sp. L19 gene for 165 rRMA, partial sequence 48,1 48,1 100%, 3e-04 100%
ABOB7S567.1 Sphaerctilus sp. L13 gene for 165 rRMA, partial sequence 48,1 48,1 100%, 3e-04 100%
ABOE7566.1  Sphaerctilus sp. L12 gene for 165 rRMA, partial sequence 48,1 48,1 100%, 3e-04 100%
ABDE7565.1  Sphaerotilus sp. L8 gene for 165 rRMA, partial sequence 48,1 48,1 100%, 3e-04 100%
AB0E7564.1  Sphaerotilus sp. L7 gene for 165 rRNA, partial sequence 48,1 48,1 100%, 3e-04 100%
ABDE7563.1  Sphaerotilus sp. L6 gene for 165 rRMA, partial sequence 48.1 48,1 100%, 3e-04 100%
ABDB7561.1 Sphaerotilus sp. L2 gene for 165 rRMA, partial sequence 48.1 48,1 100%, 3e-04 100%
ABDB7S560.1  Sphaerotilus sp. L1 gene for 165 rRMA, partial sequence 48.1 48,1 100%, 3e-04 100%
Do234243,2 Uncultured Burkholderiales backerium clone DS161 165 ribosomal RMNA gene gene, partial « 43.1 43,1 100% Je-04 100%
AF072917.1  Sphaerotilus sp. IF14 165 ribhosomal RMNA gene, partial sequence 43.1 48,1 100% 3e-04 100%
AF072915,1  Sphaerotilus sp. IF9 165 ribosomal RMA gene, partial sequence 43.1 48,1 100% 3e-04 100%
&F072915.1  Sphaerotilus sp. IFS 165 ribosomal RMA gene, partial sequence 48.1 4a8.1 100% 3e-04 100%
AF072914.1  Sphaerotilus sp. IF4 165 ribosomal RMA gene, partial sequence 48.1 4a8.1 100% 3e-04 100%
AY540753.1  Uncultured bacterium clone PCF24-{HA4) 165 ribosamal RMA gene, partial sequence 48.1 48,1 100% 3e-04 100%
XF2TF24.1 I.dechloratans gene for 165 ribosomal RMa 48.1 4a8.1 100% 3e-04 100%
Di16214.1 R.gelatinosus gene for 165 ribosomal RMA 431 43.1 100% 3e-04 100%
EF150223.1 Uncultured bacterium FSClones7 165 ribosomal RMA gene, partial sequence 46.1 46,1 Q5% 0.001 100%
EF140584.1 Uncultured bacterium clone BML2Clone28 165 ribosomal RMA gene, partial segquence 46.1 46,1 Q5% 0.001 100%
EF140570.1 Uncultured bacterium clone BML2Clone?4 165 ribosomal RMA gene, partial segquence 46.1 46,1 Q5% 0.001 100%
EF140552.1 Uncultured bacterium clone BML2ClonesS 165 ribosomal RMA gene, partial segquence 46.1 46,1 Q5% 0.001 100%
EF140516.1 Uncultured bacterium clone BML2Clone 17 165 ribosomal RMA gene, partial sequence 46.1 46,1 Q5% 0.001 100%
EF140500.1  Uncultured bacterium clone BML2Clonel 165 ribosomal RMA gene, partial sequence 46.1 46,1 Q5% 0.001 100%
AF175625.1  Uncultured eubacterium WIGRT-22 165 ribosomal RMA gene, partial sequence 46.1 46,1 Q5% 0.001 100%
4B087573.1 Leptothriz sp. L14 gene for 165 rRNA, partial sequence 42.1 42.1 87 % 0.020 100%
4B701350.1  Uncultured bacterium gene for 165 rRMA, partial sequence, clone: M1B149 40.1 40.1 100% 0.081 95%
Do342819.1 Uncultured bacterium clone ADPS1_08H 165 ribosomal RMA gene, partial sequence 40.1 40,1 100% 0.081 95%
D0342812.1 Uncultured bacterium clone ADPS1_01F 165 ribosomal RMA gene, partial sequence 40.1 40.1 100% 0.081 95%
DO342656.1  Uncultured bacterium clone PS1_01H 165 ribosomal RMNA gene, partial sequence 40.1 40,1 100% 0.081 95%
D0342554.1 Uncultured bacterium clone PSAD2_08B 165 ribosomal RMNA gene, partial sequence 40.1 40.1 100% 0.081 95%
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AGF1066R — cPCR and real time primer

Sequences prodocing significant alignments:
[Click headers to sort columns)

Accession |

Description

Max score  Total score | Query coverage _. E value

Max ident

AB284261.1
EF195089.1

DO442518.1
EF110914.1

AB279850.1
ABZ279889.1
DQ935281.1
DQ158005.1
Do1583001.1
D157998.1
DO157995.1
DO157992.1
DO157991.1
DQ157989.1
D157988.1
DO157986.1
DO157985.1
CPO00454.1
AM403316.1
DQ3454435.1
DQ881476.1
ABZ271054.1
AMZ292606.1
DO649438.1
DQ490461.1
Do450450.1
Lo450455.1
AMZ236151.1
Do102726.1
DO181633.1

Actinosynnema violaceoruber gene for 165 rRNA, partial sequence
Arthrobacter sp. DiSca3 165 ribosomal RNA gene, partial sequence
Streptomyces libani subsp. libani strain NRREL B-3446T 165 ribozomal
Arthrobacter sp. CM-1 165 ribosamal RMA gene, partial sequence
Arthrobacter sp. K\-653 gene for 165 rRNA, partial s=equence
Arthrobacter sp. K\V-651 gene for 165 rRNA, partial sequence
Arthrobacter sp. Ev4 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. J3.62 165 ribosomal RMNA gene, partial sequence
Arthrobacter sp. 13.46 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 13.40 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 13.33 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. FB24 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 31.32 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 25.32 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 16.43 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 16.18 165 ribosomal RNA gene, partial sequence
Arthrobacter sp. 16.6 165 ribosomal RMNA gene, partial sequence
Arthrobacter sp. FB24, complete genome

Uncultured actincbacterium partial 165 rRENA gene, clone 1G35-K2-
Phycosicoccus jejuensis strain KSW2-15 165 ribosomal RMNA gene,
Uncultured bacterium clone Ms-819 165 ribosomal RNA gene, partial
Pzeudonocardiaceae bacterium Gsoil 837 gene for 165 rRNA, partial
Arthrobacter sp. 1G37-1=03 partial 165 rRNA gene, izolate 1G37-1=03
Actinomyces sp. YACS-36 165 ribosomal RNA gene, partial sequence
Micrococcaceae bacterium KWD-unk-27 165 ribosomal RNA gene,
Micrococcaceae bacterium KWD-unk-31 165 ribosomal RNA gene,
Micrococcaceae bacterium KWD-unk-30 165 ribosomal RNA gene,
Arthrobacter sp. IN13 partial 165 rRNA gene, strain IN13
Arthrobacter sp. SR2-6a 165 ribosomal RNA gene, partial sequence
Kutzneria sp. 744 165 ribosomal RNA gene, partial sequence
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AGF1066R (cont'd)

AB248288.1  Saccharothrix espanaensi=s gene for 165 rRNA, partial segquence, 48.1 48.1 100% 3e-04 100%
D0124817.1 | Uncultured Arthrobacter sp. clone cloET17 165 ribosomal RNA gene, 438.1 48.1 100%% Je-04 100%
D0125934.1  Uncultured bacterium clone AKAU4222 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
2125933.1 | Uncultured bacterium clone AKAU4221 165 ribosomal RNA gene, 48.1 48,1 100% 3e-04 100%
D0125932.1  Uncultured bacterium clone AKAU4220 165 ribosomal RNA gene, 48.1 48.1 100%% 3e-04 100%
D0125926.1 | Uncultured bacterium clone AKAU4206 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D2125924.1 | Uncultured bacterium clone AKAU4199 165 ribosomal RNA gene, 48.1 48,1 100% 3e-04 100%
D0125923.1  Uncultured bacterium clone AKAU4198 165 ribosomal RNA gene, 48.1 48.1 100%% 3e-04 100%
D0125921.1  Uncultured bacterium clone AKAU4195 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D2125915.1 | Uncultured bacterium clone AKAU4132 165 ribosomal RNA gene, 48.1 48,1 100% 3e-04 100%
D0125899.1  Uncultured bacterium clone AKAU4160 165 ribosomal RNA gene, 48.1 48.1 100%% 3e-04 100%
D2125896.1 | Uncultured bacterium clone AKAU4157 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D2125890.1 | Uncultured bacterium clone AKAU4143 165 ribosomal RNA gene, 48.1 48,1 100% 3e-04 100%
D0125887.1  Uncultured bacterium clone AKAU4140 165 ribosomal RNA gene, 48.1 48.1 100%% 3e-04 100%
D125885.1 | Uncultured bacterium clone AKAU4138 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125883.1  Uncultured bacterium clone AKAU4134 165 ribosomal RNA gene, 48.1 43,1 1009 3e-04 100%
D0125881.1  Uncultured bacterium clone AKAU4131 165 ribosomal RNA gene, 48.1 48.1 100%% 3e-04 100%
D125871.1 | Uncultured bacterium clone AKAU4120 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125870.1 | Uncultured bacterium clone AKAU4119 165 ribosomal RNA gene, 48.1 43.1 1009 3e-04 100%
D0125849,.1  Uncultured bacterium clone AKAU4080 165 ribosomal RNA gene, 48.1 48.1 100%% Je-04 100%
D125848.1 | Uncultured bacterium clone AKAU4077 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125847.1 | Uncultured bacterium clone AKAU4076 165 ribosomal RNA gene, 43.1 438.1 100%%: 3e-04 100%
D0125844.1 | Uncultured bacterium clone AKAU4073 165 ribosomal RNA gene, 4.1 48,1 100% 3e-04 100%
D125841.1 | Uncultured bacterium clone AKAU4067 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D001258332.1  Uncultured bacterium clone AKAU4059 165 ribosomal RNA gene, 48.1 43.1 1009 3e-04 100%
D0125832.1  Uncultured bacterium clone AKAU4058 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D2125831.1 | Uncultured bacterium clone AKAU4057 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125827.1 | Uncultured bacterium clone AKAU4050 165 ribosomal RNA gene, 48.1 43.1 1009 3e-04 100%
D0125822.1  Uncultured bacterium clone AKAU4039 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D2125820.1 | Uncultured bacterium clone AKAU4035 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125819.1 | Uncultured bacterium clone AKAU4034 165 ribosomal RNA gene, 48.1 43.1 1009 3e-04 100%
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AGF1066R (cont'd)

DQ125818.1  Uncultured bacterium clone AKALU4033 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125815.1  Uncultured bacterium clone AKALUZ961 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DQ125799.1  Uncultured bacterium clone AKAU3940 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
00125797.1  Uncultured bacterium clone AKAU3938 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
00125796.1 | Uncultured bacterium clone AKAU3937 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125795.1  Uncultured bacterium clone AKAUZ934 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125794.1  Uncultured bacterium clone AKAUZS33 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125793.1  Uncultured bacterium clone AKAUZS32 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125792.1  Uncultured bacterium clone AKALUZ930 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125785.1  Uncultured bacterium clone AKALUZ920 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DQ125776.1  Uncultured bacterium clone AKAU3308 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
DQ125773.1  Uncultured bacterium clone AKAU3304 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
00125772.1  Uncultured bacterium clone AKAU3903 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125770.1  Uncultured bacterium clone AKAUZS01 165 ribosomal RNA gene, 48.1 48.1 100% Je-04 100%
D01257659.1  Uncultured bacterium clone AKAUZS00 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DO125762.1  Uncultured bacterium clone AKAUZS76 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DQ125751.1  Uncultured bacterium clone AKAUZS64 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125747.1  Uncultured bacterium clone AKALUZ859 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DQ125741.1  Uncultured bacterium clone AKAU3852 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
DQ125739.1  Uncultured bacterium clone AKAU3849 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
0D0125730.1 | Uncultured bacterium clone AKAU3832 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125718.1  Uncultured bacterium clone AKAUZS814 165 ribosomal RNA gene, 48.1 48.1 100% Je-04 100%
DO125714.1 | Uncultured bacterium clone AKAU3810 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125700.1  Uncultured bacterium clone AKAUZ792 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125692.1  Uncultured bacterium clone AKAUZ779 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125687.1  Uncultured bacterium clone AKAUZ771 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125678.1  Uncultured bacterium clone AKAUZ752 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DQ125676.1 | Uncultured bacterium clone AKAU3748 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
0O125674.1  Uncultured bacterium clone AKAU3Z746 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125671.1  Uncultured bacterium clone AKAU3741 165 ribosomal RNA gene, 48.1 43.1 100% 3e-04 100%
D0125670.1  Uncultured bacterium clone AKAUZ739 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DO125666.1  Uncultured bacterium clone AKAUZ735 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
DO125664.1  Uncultured bacterium clone AKAUZ730 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125660.1  Uncultured bacterium clone AKAUZ725 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125659.1  Uncultured bacterium clone AKAUZ724 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125658.1  Uncultured bacterium clone AKAU3Z723 165 ribosomal RNA gene, 48.1 48.1 100%G Je-04 100%%
D0Q125648.1 | Uncultured bacterium clone AKAU3IE97 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D0125642.1 | Uncultured bacterium clone AKAUZE36 165 ribosomal RNA gene, 48.1 48.1 100% 3e-04 100%
D02591145.1  Lentzea kentuckyensis strain NRRL B-24416 165 ribosomal RNA gene, 44.1 44.1 100%G 0.005 95%




AGF965F — real-time primer

Seqgqonences prodocing significant alignments: b=
[Click headers to sort columns)
Accession | Description Max score | Total score | Query coverage |__ E value Max ident
D0Q985470.1 | Arthrobacter sp. CMUE 165 ribosomal RNA gene, partial sequence 48.1 48.1 100% 3e-04 100%;
DOQ985279.1 | Arthrobacter sp. EVZ 165 ribozomal RMA gene, partial sequence 48.1 48.1 100% 3e-04 100%;
AYE53403.1 | Arthrobacter sp. HF-2 165 ribozomal RNA gene, partial sequence 48.1 48.1 100% 3e-04 100%;
AY177350.2 | Arthrobacter sp. 13 165 ribosomal RMNA gene, partial sequence 48.1 48.1 100% 3e-04 100%;
ABD89841.1 | Arthrobacter globiformis gene for 165 rRNA 48.1 48.1 100% 3e-04 100%;
ABD98573.1 | Arthrobacter globiformis gene for 165 rRNA, partial sequence 48.1 48.1 100% 3e-04 100%;
X80736.1 A.globiformis 165 rDNA 48.1 48.1 100% 3e-04 100%
M23411.1 A.globiformis small subunit ribosomal RNA 48.1 43.1 100%: Je-04 100%
00Q298297.1  Uncultured bacterium clone SR44 165 ribosomal RNA gene, partial 46.1 46.1 95% 0.001 100%;
AF423303.1 Uncultured =oil bacterium clone 987-1 165 ribosomal RMNA gene, 46.1 46.1 95% 0.001 100%;
AF423301.1  Uncultured =oil bacterium clone 960-2 165 ribosomal RMA gene, 46.1 46.1 95% 0.001 100%;
AF423234.1  Uncultured =oil bacterium clone 167-2 165 ribosomal RMA gene, 46.1 46.1 95% 0.001 100%;
AJ735568.1 Arthrobacter sp. 5/4 partial 165 rRNA gene 46.1 46.1 95% 0.001 100%
AF197053.1 | Arthrobacter sp. 'SMCC ZAT200' 165 ribosomal RNA gene, partial 46,1 46,1 9595 0.001 100%
AF197040.1 | Arthrobacter sp. 'SMCC G991 165 ribosomal RMA gene, partial 46,1 46.1 Q5% 0.001 100%
AF197039.1 | Arthrobacter sp. 'SMCC G986' 165 ribosomal RMA gene, partial 46,1 46,1 9595 0.001 100%
AF197023.1 | Arthrobacter sp. 'SMCC G954 165 ribosomal RMA gene, partial 46,1 46,1 Q9595 0.001 100%
AY391045,1 Uncultured bacterium clone 70 165 ribosomal RNA gene, partial 40.1 40.1 100% 0.082 95%
AED14134,5  Drosophila melanogaster chromosome 2L, complete sequence 36.2 36.2 75% 1.3 100%;
CT737257.2  Pan troglodytes chromosome X clone CH251-43F04 map Xg28, 26.2 36.2 75% 1.3 100%;
¥M 539912.2 PREDICTED: Canis familiaris similar to GTPase, IMAP family member 26.2 36.2 75% 1.3 100%;
MM 164817.1 Drosophila melanogaster CG31898-RA (CG31898), mRNA 36.2 36.2 75% 1.3 100%;
ACD16670.7  Homo sapiens BAC clone RP11-11K6 from 2, complete sequence 36.2 36.2 75% 1.3 100%
AY¥061364.1 | Drosophila melanogaster LD28680 full length cDNA 36.2 36.2 75% 1.3 100%
ALD22164.1 | Human DN& sequence from clone RP4-581F7 on chromosome 36.2 36.2 75% 1.3 100%;
AC092234.1 | Drosophila melanogaster, chromasome 2L, region 29C-290, BAC 36.2 36.2 75% 1.3 100%;
AC092220.1 | Drosophila melanogaster, chromaosome 2L, region 28B-29¥, BAC 36.2 36.2 75% 1.3 100%;
AC008898.6  Homo sapiens chromaosome 5 clone CTD-2236M5, complete sequence 36.2 36.2 75% 1.3 100%;
APOD0DGE41.1 Bacteroides fragili=s YCH46 DMA, complete genome 36.2 36.2 75% 1.3 100%
CT574563.2 | Pan troglodytes chromosome X clone CH251-7111 map Xg28, 36.2 36.2 75% 1.3 100%
AC004423.1 | Drosophila melanogaster DMA sequence (P1 DS02110 (D147)), 36.2 36.2 75% 1.3 100%;
AMAT1474.1 | Vitis vinifera, whole genome shotqun sequence, contig 34,2 34.2 70% 5.1 100%
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RDP Search Results

SNA229F

domain Bacteria (175/409692) (hitg/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (175/153950)
phylum Firmicutes (0/104178)
phylum Actinobacteria (0/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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SNAS550R

domain Bacteria (33/409692) (hits/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (33/153950)
phylum Firmicutes (0/104178)
phylum Actinobacteria (0/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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SNA958F

domain Bacteria (22/409692) (hits/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (22/153950)
phylum Firmicutes (0/104178)
phylum Actinobacteria (0/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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SNA1068R

domain Bacteria (110/409692) (hitg/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (108/153950)
phylum Eirmicutes (2/104178)
phylum Actinobacteria (0/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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AGF946F

domain Bacteria (32/409692) (hits/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (0/153950)
phylum Firmicutes (0/104178)
phylum Actinobacteria (32/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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AGF 965F

domain Bacteria (8/409692) (hitg/total searched) [list results for this node]
phylum Aquificae (0/1173)
phylum Thermotogae (0/150)
phylum Thermodesulfobacteria (0/118)
phylum Deinococcus-Thermus (0/875)
phylum Chrysiogenetes (0/4)
phylum Chloroflexi (0/3542)
phylum Thermomicrobia (0/23)
phylum Nitrospira (0/1349)
phylum Deferribacteres (0/307)
phylum Cyanobacteria (0/12569)
phylum Chlorobi (0/515)
phylum Proteobacteria (0/153950)
phylum Firmicutes (0/104178)
phylum Actinobacteria (8/34747)
phylum Planctomycetes (0/3832)
phylum Chlamydiae (0/456)
phylum Spirochaetes (0/3438)
phylum Fibrobacteres (0/181)
phylum Acidobacteria (0/13402)
phylum Bacteroidetes (0/45622)
phylum Fusobacteria (0/1203)
phylum Verrucomicrobia (0/4270)
phylum Dictyoglomi (0/14)
phylum Gemmatimonadetes (0/949)
phylum Lentisphaerae (0/113)
phylum BRC1 (0/50)
phylum OP10 (0/216)
phylum OP11 (0/100)
phylum TM7 (0/585)
phylum WS3 (0/131)
phylum Dehalococcoides (0/180)
phylum SR1 (0/29)
phylum OD1 (0/146)
unclassified_Bacteria (0/21275)
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11

Appendix D — Protocols

111 Power Soil™ DNA Isolation Kit Protocol from MoBio

N

© ©

10.

11.

12.
13.

14.

15.

16.
17.
18.
19.

20.

21.

To the PowerBead Tubes provided, add 0.25 gm of soil sample.

Gently vortex to mix.

Check Solution C1. If Solution C1 is precipitated, heat solution to 60°C until dissolved before
use.

Add 60m of Solution C1 and invert several times or vortex briefly.

Secure PowerBead Tubes horizontally using the MO BIO Vortex Adapter tube holder for the
vortex (MO BIO Catalog No. 13000-V1) or secure tubes horizontally on a flat-bed vortex pad
with tape. Vortex at maximum speed for 10 minutes.

Make sure the PowerBead Tubes rotate freely in your centrifuge without rubbing. Centrifuge
tubes at 10,000 x g for 30 seconds at room temperature. CAUTION: Be sure not to exceed
10,000 x g or tubes may break.

Transfer the supernatant to a clean 2 ml Callection Tube (provided).

Note: Expect between 400 to 500 of supernatant. Supernatant may still contain some soil
particles.

Add 250m of Solution C2 and vortex for 5 seconds. Incubate at 4°C for 5 minutes.
Centrifuge the tubes at room temperature for 1 minute at 10,000 x g.

Avoiding the pellet, transfer up to, but no more than, 600m of supernatant to a clean 2 ml
Coallection Tube (provided). **Transfer ALL of supernatant

Add 200m of Solution C3 and vortex briefly. Incubate at 4°C for 5 minutes. **Add more
Solution C3 in proportion to amount of supernatant transferred in Step 10.
Centrifuge the tubes at room temperature for 1 minute at 10,000 x g.

Avoiding the pdllet, transfer up to, but no more than, 750 of supernatant into a clean 2 ml
Callection Tube (provided). **Transfer ALL of supernatant to 15 mL sterile centrifuge tube.
Add 1200 of Solution C4 to the supernatant and vortex for 5 seconds. ** Add more Solution C4
in proportion to amount of supernatant transferred in Step 13.

Load approximately 675m onto a Spin Filter and centrifuge at 10,000 x g for 1 minute at room
temperature. Discard the flow through and add an additional 675m of supernatant to the Spin
Filter and centrifuge at 10,000 x g for 1 minute at room temperature. Load the remaining
supernatant onto the Spin Filter and centrifuge at 10,000 x g for 1 minute at room temperature.
Note: A total of three loads for each sample processed arerequired. **Moreloads will be
required depending on amount of liquid transferred in step 13. Repeat until all liquid has been
loaded and spun onto filter.

Add 500m of Solution C5 and centrifuge at room temperature for 30 seconds at 10,000 x g.
Discard the flow through.

Centrifuge again at room temperature for 1 minute at 10,000 x g.

Carefully place Spin Filter in a clean 2 ml Collection Tube (provided). Avoid splashing any
Solution C5 onto the Spin Filter.

Add 100m of Solution C6 to the center of the whitefilter membrane. Alternatively, sterile DNA-
Free PCR Grade Water may be used for elution from the silica Spin Filter membrane at this step
(MO BIO Catalog No. 17000-10).

Centrifuge at room temperature for 30 seconds at 10,000 x g.

142



22. Discard the Spin Filter. The DNA in thetubeis now ready for any downstream application. No
further steps are required. We recommend storing DNA frozen (-20° to -80°C). Solution C6
contains no EDTA. To concentrate the DNA see the Additional Information Section.
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11.2 Power Soil™ RNA Isolation Kit Protocol from MoBio

No

10.
11.
12.

13.
14.

15.

16.

17.

18.

Add up to 2 g of soil tothe 15 ml Bead Tube (provided). Note: Pleaserefer to Additional

Information Section for information regarding the amount of soil to process.

Add 2.5 ml of Bead Solution to the Bead Tube and vortex to mix.

Add 0.25 ml of Solution SR1 to the Bead Tube and vortex to mix.

Add 0.8 ml of Solution SR2 and place the Bead Tube on the Vortex Adapter (MO BIO

Laboratories Catalog # 13000-V1-15 for Vortex Genie 2 or 13000-LV2-15 for Labnet V ortex)

and vortex at maximum speed for 5 minutes.

Remove the Bead Tube from the Vortex Adapter and add 3.5 ml of phenol: chloroform:isoamyl

alcohol (pH 6.5 —8.0, [User supplied]) and vortex to mix until the biphasic layer disappears.

Place the Bead Tube on the Vortex Adapter and vortex at maximum speed for 10 minutes.

Remove the Bead Tube from the Vortex Adapter and centrifuge at 2500 x g for 10 minutes at

room temperature.

Remove the Bead Tube from the centrifuge and carefully transfer the upper aqueous phase

(avoiding theinterphase and lower phenal layer) to a clean 15 ml Collection Tube (provided).

Thethickness of the interphase will vary depending on the type of soil used. Discard the

phenol:chloroform:isoamyl alcohol in an approved waste receptacle. NOTE: The biphasic layer

will bethick and firmin soils high in organic matter and may need to be pierced to remove the
bottom phenol layer.

Add 1.5 ml of Solution SR3 to the agueous phase and vortex to mix. Incubate at 4°C for 10

minutes.

Centrifuge at 2500 x g for 10 minutes at room temperature.

Transfer the supernatant, without disturbing the pellet, to a new 15 ml Collection Tube (provided).

Add 5 ml of Solution SR4 to the Collection Tube containing the supernatant, invert or vortex to

mix, and incubate at -20°C for 30 minutes.

Centrifuge at 2500 x g for 30 minutes at room temperature.

Decant the supernatant and invert the 15 ml Collection Tube on a paper towel for 5 minutes.

NOTE: Depending on soil type, the pellet may be large and/or dark in color.

Add 1 ml of Solution SR5 to the 15 ml Collection Tube and resuspend the pellet compl etely.

(NOTE: Depending on the sail type, the pellet may be difficult to resuspend. Resuspension may

be aided by placing the tubes in a heat block or water bath at 45°C for 10 minutes, followed by

vortexing. Repeat until the pellet is resuspended.)

Prepare one RNA Capture Column (provided) for each RNA Isolation Sample:

a. Removethe cap of a 15 ml Collection Tube (provided) and place the RNA Capture Column
inside the 15 ml Collection Tube. The column will hang in the 15ml tube.

b. Add 2 ml of Solution SR5 to the RNA Capture Column and allow it to gravity flow through
the column and collect in the 15 ml Coallection Tube. Allow Solution SR5 to completely flow
through the column (OPTIONAL: The Collection Tube may be emptied after Solution SR5
has completely flowed through the column. NOTE: DO NOT ALLOW THE COLUMN TO
DRY OUT PRIOR TO LOADING THE RNA ISOLATION SAMPLE.)

Add the RNA Isolation Sample from Step 15 onto the RNA Capture Column and allow it to

gravity flow through the column. Collect the flow through in the 15 ml Collection Tube.

Wash the column with 1 ml of Solution SR5. Allow it to gravity flow and collect the flow

through in the 15 ml Collection Tube.

144



19.

20.

21.

22

23.

Transfer the RNA Capture Column to a new 15 ml Collection Tube (provided) and add 1 ml of
Solution SR6 to the RNA Capture Column to elute the bound RNA into the 15 ml Collection
Tube. Allow Solution SR6 to gravity flow into the 15 ml Collection Tube.

Transfer the eluted RNA to a 2.2 ml Collection Tube (provided) and add 1 ml of Solution SR4.
Invert at least once to mix and incubate at -20°C for 10 minutes.

Centrifuge the 2.2 ml Collection Tube at 13,000 x g for 15 minutes at room temperature to pellet
the RNA.

Decant the supernatant and invert the 2.2 ml Collection Tube onto a paper towel for 10 minutes to
air dry the pellet.

Resuspend the RNA pellet in 100 pl of Solution SR7. (NOTE: Although DNA carryover does
not occur with the majority of soil types, certain soils high in organic matter may present unique
carryover situations. In situations where the absence of DNA contamination is critical, the
purified RNA should betested for potential DNA carryover by performing PCR with qualified
primers on the isolated RNA without performing prior reverse transcription amplification. The
absence of a detectable amplification fragment by agarose electrophoresis indicates the absence
of detectable carryover DNA. In the event DNA is detected, DNase treatment of the isolated
RNA is recommended; see Additional Information Section for instruction).
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12 Appendix E —RNA and DNA Extraction Optimization Experiments

121 Comparing MoBio and Qiagen DNA and RNA extraction kits

1211 Introduction

The quality of the nucleic acid extraction process is vital to quantitation. The ideal
extraction process is consistent across replicates and produces both high yield and high
quality DNA or RNA. Therefore, some work was dedicated to optimizing the nucleic acid
extraction process. Two types of kits were compared: the RNA and DNA Powersoil kits
from MoBio, Inc. and the RNeasy and DNeasy kits from Qiagen.

The Powersoil kits are designed for extraction of nucleic acid from soils and are
designed to remove high levels of humic acids. Both the RNA and DNA procedure use
mechanical bead beating to lyse cells. The RNA protocol uses phenol:chloroform:isoamyl
alcohol extraction, while the DNA protocol uses a spin filter procedure. The Qiagen DNeasy
and RNeasy kits allow for more flexibility. The user can decide which protocol to use for
cell lysis. Enzymatic lysis with lysozyme and Proteinase K digestion was chosen for both
DNA and RNA extraction as recommended by Qiagen Technical Support for more efficient

cell lysis.

12.1.2 M aterials and M ethods

DNA and RNA extractions of samples from the Neuse River WWTP in Raleigh and
the North and South Cary Water Reclamation Facilities (WRF) were extracted for RNA and

DNA using MoBio and Qiagen kits. Modifications to the protocols are listed below. These
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modifications were used for all extractions. Any additional modifications for experiments

are described within the discussion of the particular experiment.

12.1.2.1 Powersoil DNA

Step 10: Transfer all supernatant instead of only 600 L

Step 11 Scale up amount of Solution C3 proportionately to volume transferred in
step 10

Step 13: Transfer all supernatant to a sterile 15 mL collection tube

Step 14: Scale up Solution C4 in proportion to volume transferred in step 13

12.1.2.2 Qiagen RNA

Use Protocol 4 of RNA protect Bacteria Reagent Handbook from Qiagen: Enzymatic
Lysisand Proteinase K Digestion of Bacteria

DO NOT perform steps 2-6, these are for use of RNAprotect which can decrease
RNA yields

Step 7: Use 20 L of Proteinase K

Step 8: Incubate for 20 minutes instead of 10 minutes

Step 9: Use 700 L of Buffer RLT + b-mercaptoethanol

Step 10: Use 500 nl of 96-100% ethanol

Step 11: Proceed to Protocol 7 — Purification of Total RNA from Bacterial Lysate
Using the RNeasy Mini Kit

Step 1: Perform this step 2 times to use all of cell lysis material

Elute with 50 nL of RNase-free water
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12.1.23 Qiagen DNA

Use the Pretreatment for Gram-Positive Bacteria
Step 3: Incubate for 40 minutes instead of 30 minutes
Elute with 200 nL of Buffer AE
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12.1.3 Results and Discussion

12.1.31 Experiment 1 - RNA extraction using the M oBio Power soil kit

Samples collected from the North Cary Water Reclamation Facility were treated with
three different holding methods during transportation from the plant to the laboratory. The
three methods were: immediate freezing with ethanol and dry ice (E), keeping cold onice (1),
and holding at room temperature (N).

Triplicate samples from each treatment method were extracted for RNA using MoBio
Powersoil kit two times. For the first extraction, one modification to the protocol was made.
Instead of incubating the sample at -20°C for 30 minutes at step 12, the sample was
incubated overnight per the suggestion of MoBio Technical Support to increase RNA yields.
For the second extraction, three modifications were made: step 9 — samples were incubated
for 15 minutes instead of 10 minutes, step 12 — samples were incubated for 40 minutes
instead of 30, step 20 — samples were incubated for 15 minutes instead of 10 minutes.

After extraction, the RNA was quantified using a spectrophotometer. The results are
shown in Table E.1.

Table E.1 —Comparing 2 RNA extractionsusing MoBio's Power soil kit of replicate WW TP samples
Extraction 1 Extraction 2
Sample ID| ng/nL 260/280 260/230 ng/mL 260/280 260/230
El 2.46 1.61 0.97 133.41 2.18 2.37
E2 4.63 1.83 1.02 71.35 2.22 2.32
E3 6.7 1.56 1.26 86.49 2.19 2.3
11 5.19 1.91 1.52 67.01 2.26 2.28
12 6.13 1.92 1.15 138.1 2.15 2.41
I3 4.62 1.95 1.67 127.9 2.22 2.26
N1 6.13 1.61 0.68 133.86 2.18 2.38
N2 0.96 1.62 1.16 164.79 2.18 2.4
N3 1.72 2.5 0.54 167.36 2.18 2.42

The results show that the yield from Extraction 1 is much lower than the yield from

Extraction 2. In addition, the purity ratios for Extraction 1 are lower than for Extraction 2,
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which indicates protein contamination in the samples from Extraction 1. Though
modifications were made to the protocol provided by the manufacturer, these modifications
were relatively minor and should not have produced such a great difference inyield. These

results show the inconsistency of the MoBio RNA Powersoil kit.

12.1.3.2 Experiment 2 — Comparing RNA and DNA yield for MoBio and

Qiagen kitsfor replicate samplesfrom WWTP

DNA and RNA were extracted using each kit from triplicate ML SS samples (2 mL)
from the Neuse River WWTP and South Cary WRF. The results are shown in tablesE.2 -
E.3. Since the MoBio and Qiagen kits call for different final elution volumes, the total
amount (ng) of nucleic acid extracted (concentration x elution volume) is reported rather than
the concentration. The averages and standard deviations of the results are presented in
Figure E.1. Based on the average values, the the Qiagen kit gave about 31% and 313%
higher yield than the MoBio kit for Raleigh and S. Cary RNA, respectively. The Qiagen
DNA extractions show an even greater difference between the two kits with 624% and
1809% yield improvements for Raleigh and S. Cary DNA, respectively. Though the DNA
purity is lower for the Qiagen extraction, the preliminary real-time PCR results using these
samples as template show no indication of PCR inhibition. For these reasons, the Qiagen
RNeasy and DNeasy kits were chosen as the extraction method for all chemostat samples.
Though data shows the Qiagen kits to be an improvement over the MoBio Kits, further study
is needed to confirm that the Qiagen kits can quantitatively extract RNA and DNA.
Quantitative extraction is defined as obtaining a proportionately higher yield from a higher
cell load.
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Table E.3 — Extraction results using M oBio Power soil extraction kits

Mobio RNA DNA
Sample ID| total ng 260/280 total ng 260/280
RAL 1 18255 2.2 618 2.37
RAL 2 19436 2.19 556 2.04
RAL 3 13648 2.2 7294 1.97
S.CARY 1 5524 2.23 1294 1.72
S.CARY 2 6213 2.2 740 1.35
S.CARY 3 3122 1.72 775 2.05

Table E.4 — Extraction results using RNeasy and DNeasy kitsfrom Qiagen

Qiagen RNA DNA
Sample ID| total ng 260/280 total ng 260/280
RAL 1* 25891 2:09 85068 3.29
RAL 2 20461 2.03 20015 1.73
RAL 3 20810 2.03 20842 1.65
S.CARY 1| 20968 2.05 17755 1.71
S.CARY 2| 20373 2.05 17261 1.73
S.CARY 3| 20086 2.07 18600 1.66

*Sample was mishandled and isther efor e excluded from analysis
MoBio vs. Qiagen
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Figure E.1 - Comparison of RNA/DNA vyield between M oBio and Qiagen extr action kits
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13 Appendix F - Raw Data

131

data - 06/04/2007

Chemostat - SNA RNA Standard Curve

Log log copy
ID Ct Copy # copy # ng copy # | Ct* 4 log ng | Stdev
SNA -RT 1[34.05] N/A | 0.0E+00 6.8E+00 | 3.2E+10| 5.63 | 10.51 0.84 0.10
SNA -RT 2[32.57] N/A | 0.0E+00 6.8E-01 | 3.2E+09| 9.66 9.51 -0.16 | 0.04
SNA -RT 3[34.53] N/A | 0.0E+00 6.8E-02 | 3.2E+08]12.70| 8.51 -1.16 | 0.15
SNANTC 1{33.69] N/A | 0.0E+00 6.8E-03 | 3.2E+07]15.22] 7.51 -2.16 | 0.16
SNA NTC 2{33.33] N/A | 0.0E+00 6.8E-04 | 3.2E+06]19.49| 6.51 -3.16 | 0.19
SNA NTC 3] N/A N/A | 0.0E+00 6.8E-05 | 3.2E+05]23.40| 5.51 -4.16 | 0.36
SNA1 5.73 ] 10.236 | 3.2E+10 6.8E-06 | 3.2E+04]25.56] 4.51 -5.16 | 1.09
SNA1 9.70 | 9.236 | 3.2E+09 6.8E-07 | 3.2E+03]29.27| 3.51 -6.16 | 1.25
SNA1 12.56] 8.236 | 3.2E+08 6.8E-08 | 3.2E+02]31.94] 2.51 -7.16 | 0.64
SNA1 15.20] 7.236 | 3.2E+07 6.8E-09 | 3.2E+01]33.29] 1.51 -8.16 | 0.47
SNA1 19.70] 6.236 | 3.2E+06 6.8E-10 | 3.2E+00] 33.40| 0.51 -9.16 | 0.17
SNA1 23.27] 5.236 | 3.2E+05 NTC | 0.0E+00]33.51 0
SNA1 26.33] 4.236 | 3.2E+04 -RT 0.0E+00| 33.72 0
SNA1 29.90| 3.236 | 3.2E+03
SNA1 32.441 2.236 | 3.2E+02 Detection limit (copies) = 953.91
SNA1 33.34] 1.236 | 3.2E+01 Detection limit (ng) = 2.03E-07
SNA1 33.35] 0.236 | 3.2E+00
SNA2 5.61 | 10.236 | 3.2E+10 * average of triplicate PCR reactions except
SNA2 9.64 | 9.236 | 3.2E+09 for 3.2 x 10" copy # reaction, one of the
SNA2 12.68] 8.236 | 3.2E+08 replicates did not amplify properly
SNA2 15.39] 7.236 | 3.2E+07
SNA2 19.39] 6.236 | 3.2E+06
SNA2 23.81] 5.236 | 3.2E+05
SNA2 N/A | 4.236 | 3.2E+04
SNA2 30.09] 3.236 | 3.2E+03
SNA2 32.17| 2.236 | 3.2E+02
SNA2 33.73] 1.236 | 3.2E+01
SNA2 33.59] 0.236 | 3.2E+00
SNA3 5.54 | 10.236 | 3.2E+10
SNA3 9.63 | 9.236 | 3.2E+09
SNA3 12.85] 8.236 | 3.2E+08
SNA3 15.07] 7.236 | 3.2E+07
SNA3 19.37] 6.236 | 3.2E+06
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13.2

Raw data - 6/10/2007

Chemostat - SNA DNA Standard Curve

Log . |[l0og copy

ID Ct copy # Copy # ng copy # | Ct # log ng | Stdev
snantc 1] N/A | N/A |0.0E+00 6.8E-01 | 1.6E+09]| 2.13 9.20 |-0.169| 0.25
snantc2] N/A | N/A |0.0E+00 6.8E-02 | 1.6E+08]| 5.72 8.20 |-1.169| 0.14
snantc3] N/A | N/A |0.0E+00 6.8E-03 | 1.6E+07]10.09] 7.20 |-2.169| 0.74
SNA1 2.41 | 9.196 | 1.6E+09 6.8E-04 | 1.6E+06]|12.94] 6.20 |-3.169| 0.03
SNA1 5.88 | 8.196 | 1.6E+08 6.8E-05 | 1.6E+05]16.70f 5.20 | -4.169| 0.20
SNA1 9.67 | 7.196 | 1.6E+07 6.8E-06 | 1.6E+04]20.47f 4.20 |-5.169] 0.11
SNA1l |12.94] 6.196 | 1.6E+06 6.8E-07 | 1.6E+03|24.21| 3.20 |-6.169] 0.42
SNA1l |16.53] 5.196 | 1.6E+05 6.8E-08 | 1.6E+02]|27.56f 2.20 |-7.169] 0.19
SNA1l |20.41] 4.196 | 1.6E+04 6.8E-09 | 1.6E+01|31.76f 1.20 |-8.169] 0.57
SNA1l |23.79] 3.196 | 1.6E+03 6.8E-10 | 1.6E+00]|38.58] 0.20 |-9.169] N/A
SNA1l | 27.65] 2.196 | 1.6E+02 NTC [0.0E+00| N/A 0.00 0.000 | 0.05
SNA1 |31.19] 1.196 | 1.6E+01

SNA1 |]38.58] 0.196 | 1.6E+00 Detection limit (copies) = 1.46

SNA2 2.02 | 9.196 | 1.6E+09 Detection limit (ng) = 6.30E-10

SNA2 5.65 | 8.196 | 1.6E+08

SNA2 9.66 | 7.196 | 1.6E+07 * average of triplicate PCR reactions except for
SNA2 ]12.92] 6.196 | 1.6E+06 lowest dilution which has only one replicate

SNA2 |16.92] 5.196 | 1.6E+05

SNA2 |20.41] 4.196 | 1.6E+04

SNA2 | 24.62] 3.196 | 1.6E+03

SNA2 | 27.69] 2.196 | 1.6E+02

SNA2 | 31.77] 1.196 | 1.6E+01

SNA2 N/A | 0.196 | 1.6E+00

SNA3 1.95 | 9.196 | 1.6E+09

SNA3 5.63 | 8.196 | 1.6E+08

SNA3 |10.94] 7.196 | 1.6E+07

SNA3 |12.97] 6.196 | 1.6E+06

SNA3 | 16.66] 5.196 | 1.6E+05

SNA3 20.6 | 4.196 | 1.6E+04

SNA3 | 24.21] 3.196 | 1.6E+03

SNA3 | 27.35] 2.196 | 1.6E+02

SNA3 | 32.33] 1.196 | 1.6E+01

SNA3 N/A | 0.196 | 1.6E+00

153



13.3

Raw data - 06/08/07

Chemostat - AGF DNA Standard Curve

Log log copy
ID Ct | Copy#]| copy# ng copy # | Ct # log ng Stdev
AGF1 | 5.83 ] 10.09 | 1.2E+09 1.0E+00| 1.2E+09 | 5.75 9.09 0.00 0.09
AGF1 [ 9.11 9.09 1.2E+08 1.0E-01 | 1.2E+08 | 9.21 8.09 -1.00 0.11
AGF1 | 13.02] 8.09 1.2E+07 1.0E-02 | 1.2E+07 |12.78] 7.09 -2.00 0.21
AGF1 | 16.2 7.09 1.2E+06 1.0E-03 | 1.2E+06 | 15.93] 6.09 -3.00 0.25
AGF1 [ 19.81] 6.09 1.2E+05 1.0E-04 | 1.2E+05 |19.35] 5.09 -4.00 0.40
AGF1 | 22.73] 5.09 1.2E+04 1.0E-05| 1.2E+04 |22.59] 4.09 -5.00 0.21
AGF1 | 26.17] 4.09 1.2E+03 1.0E-06 | 1.2E+03 | 25.96] 3.09 -6.00 0.19
AGF1 | 29.48] 3.09 1.2E+02 1.0E-07 | 1.2E+02 |29.34] 2.09 -7.00 0.16
AGF1 | 33.08] 2.09 1.2E+01 1.0E-08 | 1.2E+01 |32.50] 1.09 -8.00 0.54
AGF1 | 34.49] 1.09 1.2E+00 1.0E-09 | 1.2E+00 |34.81] 0.09 -9.00 0.47
NTC [35.89] N/A 0.0E+00 NTC | 0.0E+00 |35.24] 0.00 0.72
AGF2 | 5.78 | 10.09 | 1.2E+09
AGF2 | 9.33 9.09 1.2E+08 Detection limit (copies) = 15.73
AGF2 | 12.65] 8.09 1.2E+07 Detection limit (ng) = 1.28E-08
AGF2 | 15.88] 7.09 1.2E+06
AGF2 | 19.14] 6.09 1.2E+05
AGF2 | 22.69] 5.09 1.2E+04 | *average of triplicate values
AGF2 [ 25.9 4.09 1.2E+03
AGF2 | 29.38] 3.09 1.2E+02
AGF2 | 32.01] 2.09 1.2E+01
AGF2 | 34.6 1.09 1.2E+00
NTC 2 | 34.46| N/A 0.0E+00
AGF3 | 5.65] 10.09 | 1.2E+09
AGF3 | 9.2 9.09 1.2E+08
AGF3 [ 12.67] 8.09 1.2E+07
AGF3 [ 15.7 7.09 1.2E+06
AGF3 [ 19.1 6.09 1.2E+05
AGF3 | 22.35] 5.09 1.2E+04
AGF3 | 25.81] 4.09 1.2E+03
AGF3 [ 29.17] 3.09 1.2E+02
AGF3 | 32.42] 2.09 1.2E+01
AGF3 [ 35.35] 1.09 1.2E+00
NTC 3] 35.38] N/A 0.0E+00
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134

Raw data - 06/18/2007

Chemostat - AGF RNA Standard Curve

ID

Ct

Log
Copy #

copy #

ng

copy #

Ct

log copy
#

log ng

Stdev

AGF1

1.62

1.0E+01

2.0E+10

8.5E+00

2.0E+10

1.51

10.31

0.93

0.10

AGF1

4.37

9.3E+00

2.0E+09

8.5E-01

2.0E+09

4.67

9.31

-0.07

0.26

AGF1

9.11

8.3E+00

2.0E+08

8.5E-02

2.0E+08

9.01

8.31

-1.07

0.09

AGF1

12.1

7.3E+00

2.0E+07

8.5E-03

2.0E+07

12.32

7.31

-2.07

0.21

AGF1

17.67

6.3E+00

2.0E+06

8.5E-04

2.0E+06

17.36

6.31

-3.07

0.27

AGF1

21.43

5.3E+00

2.0E+05

8.5E-05

2.0E+05

21.14

5.31

-4.07

0.26

AGF1

24.09

4.3E+00

2.0E+04

8.5E-06

2.0E+04

24.22

4.31

-5.07

0.11

AGF1

28.13

3.3E+00

2.0E+03

8.5E-07

2.0E+03

27.78

3.31

-6.07

0.31

AGF1

28.77

2.3E+00

2.0E+02

8.5E-08

2.0E+02

28.96

231

-7.07

0.29

AGF1

29.77

1.3E+00

2.0E+01

8.5E-09

2.0E+01

29.03

131

-8.07

0.64

AGF1

28.96

3.1E-01

2.0E+00

8.5E-10

2.0E+00

29.09

0.31

-9.07

0.19

AGF2

1.44

1.0E+01

2.0E+10

NTC

0.0E+00

29.65

N/A

0.33

AGF2

4.8

9.3E+00

2.0E+09

-RT

0.0E+00

28.37

N/A

AGF2

8.94

8.3E+00

2.0E+08

AGF2

12.52

7.3E+00

2.0E+07

AGF2

17.22

6.3E+00

2.0E+06

AGF2

21.03

5.3E+00

2.0E+05

AGF2

24.27

4.3E+00

2.0E+04

AGF2

27.53

3.3E+00

2.0E+03

AGF2

28.81

2.3E+00

2.0E+02

AGF2

28.7

1.3E+00

2.0E+01

AGF2

29.31

3.1E-01

2.0E+00

AGF3

1.47

1.0E+01

2.0E+10

AGF3

4.83

9.3E+00

2.0E+09

AGF3

8.98

8.3E+00

2.0E+08

AGF3

12.35

7.3E+00

2.0E+07

AGF3

17.19

6.3E+00

2.0E+06

AGF3

20.95

5.3E+00

2.0E+05

AGF3

24.3

4.3E+00

2.0E+04

AGF3

27.68

3.3E+00

2.0E+03

AGF3

29.29

2.3E+00

2.0E+02

AGF3

28.62

1.3E+00

2.0E+01

AGF3

29.01

3.1E-01

2.0E+00

NTC1

30.06

N/A

0.0E+00

NTC 2

29.75

N/A

0.0E+00

NTC 3

29.15

N/A

0.0E+00

-RT 1

28.2

N/A

0.0E+00

-RT 2

28.75

N/A

0.0E+00

-RT 3

28.15

N/A

0.0E+00

Detection limit (copies) =
Detection limit (ng) =

*average of tripliate values

3591.36
1.50E-06
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135

RNA:DNA vsgrowth rate curve AGF DNA

AGF DNA - Raw data - 07/28/2007

Volume of eluate used in PCR reaction 2.00E+00 ul

Dilution factor of eluate for PCR reaction 1.00E+01

Size of 16s rDNA 1.50E+03 bp

Vol. of culture | copy # / uL of | ng 16S rDNA/uL of
D ct volume log copy # - copy # used (ul) culture culture

5h A 12.68 196 7.07 1.19E+07 25000 4.66E+05 7.66E-04
5h B 13.61 188 6.79 6.18E+06 25000 2.32E+05 3.82E-04
5h C 13.94 194 6.69 4,90E+06 25000 1.90E+05 3.13E-04
5h A 13 196 6.98 9.49E+06 25000 3.72E+05 6.11E-04
5h B 13.96 188 6.68 4.83E+06 25000 1.82E+05 2.99E-04
5h C 14.65 194 6.47 2.98E+06 25000 1.15E+05 1.90E-04
5h A 13.62 196 6.79 6.14E+06 25000 2.41E+05 3.95E-04
5h B 14.22 188 6.60 4.,03E+06 25000 1.51E+05 2.49E-04
5h C 14.69 194 6.46 2.89E+06 25000 1.12E+05 1.85E-04
NTC N/A
11h A 13.53 184 6.82 6.54E+06 25000 2.41E+05 3.96E-04
11h B 12.55 190 7.11 1.30E+07 25000 4,95E+05 8.13E-04
11h C 13.61 190 6.79 6.18E+06 25000 2.35E+05 3.86E-04
11h A 13.29 184 6.89 7.74E+06 25000 2.85E+05 4.68E-04
11h B 12.55 190 7.11 1.30E+07 25000 4,95E+05 8.13E-04
11h C 13.53 190 6.82 6.54E+06 25000 2.48E+05 4.08E-04
11h A 13.49 184 6.83 6.73E+06 25000 2.47E+05 4.07E-04
11h B 12.71 190 7.07 1.16E+07 25000 4.42E+05 7.27E-04
11h C 13.71 190 6.76 5.76E+06 25000 2.19E+05 3.60E-04
NTC N/A
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(continued)

Vol. of culture

copy #/ uL of

ng 16S rDNA/uL of

ID ct volume jlog copy #  copy # used (ul) culture culture
1D A 16.37 194 5.95 8.89E+05 12500 6.90E+04 1.13E-04
1D B 15.71 184 6.15 1.41E+06 12500 1.04E+05 1.71E-04
1D C 15.97 186 6.07 1.18E+06 12500 8.76E+04 1.44E-04
1D A 16.17 194 6.01 1.02E+06 12500 7.94E+04 1.30E-04
1D B 15.95 184 6.08 1.19E+06 12500 8.79E+04 1.44E-04
1D C 16.4 186 5.94 8.70E+05 12500 6.48E+04 1.06E-04
1D A 16.37 194 5.95 8.89E+05 12500 6.90E+04 1.13E-04
1D B 16.15 184 6.02 1.04E+06 12500 7.64E+04 1.26E-04
1D C 16.16 186 6.01 1.03E+06 12500 7.67E+04 1.26E-04
NTC N/A
3D A 13.26 186 6.90 7.90E+06 12500 5.88E+05 9.67E-04
3DB 12.7 186 7.07 1.17E+07 12500 8.72E+05 1.43E-03
3D C 13.06 188 6.96 9.10E+06 12500 6.84E+05 1.12E-03
3D A 13.13 186 6.94 8.66E+06 12500 6.44E+05 1.06E-03
3DB 13.07 186 6.96 9.03E+06 12500 6.72E+05 1.10E-03
3D C 13.35 188 6.87 7.42E+06 12500 5.58E+05 9.17E-04
3D A 13.45 186 6.84 6.92E+06 12500 5.15E+05 8.46E-04
3DB 12.74 186 7.06 1.14E+07 12500 8.47E+05 1.39E-03
3bC 13.62 188 6.79 6.14E+06 12500 4.62E+05 7.59E-04
5D A 12.92 188 7.00 1.00E+07 12500 7.55E+05 1.24E-03
5D B 12.74 188 7.06 1.14E+07 12500 8.57E+05 1.41E-03
5D C 12.32 188 7.18 1.53E+07 12500 1.15E+06 1.89E-03
5D A 12.83 188 7.03 1.07E+07 12500 8.04E+05 1.32E-03
5D B 13.06 188 6.96 9.10E+06 12500 6.84E+05 1.12E-03
5D C 12.67 188 7.08 1.20E+07 12500 9.00E+05 1.48E-03
5D A 13.45 188 6.84 6.92E+06 12500 5.20E+05 8.55E-04
5D B 13.16 188 6.93 8.48E+06 12500 6.38E+05 1.05E-03
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13.6 RNA:DNA vsgrowth rate curve AGF RNA

AGF RNA - Raw data - 07/28/2007

Volume of eluate used in PCR reaction 2 ul

Dilution factor of eluate for PCR reaction 10

Size of 16s rRNA 1500 bp

log Vol. of culture | copy #/uL of | ng 16S rRNA/uL | RNA:DNA | RNA:DNA
ID ct RT vol copy # copy # used (uL) culture of culture (copy #) (ng)

5hA | 973 | 3469 | 49 8.12 | 1.33E+08 25000 1.30E+06 1.10E-03 2.79E+00 | 1.44E+00
5hB | 9.56 | 34.68 | 49 8.17 || 1.48E+08 25000 1.45E+06 1.23E-03 6.23E+00 | 3.21E+00
5hC | 9.65 | 32.66 | 49 8.14 | 1.40E+08 25000 1.37E+06 1.16E-03 7.19E+00 | 3.71E+00
5hA | 9.64 | 33.92 | 49 8.15 | 1.40E+08 25000 1.38E+06 1.17E-03 3.70E+00 | 1.91E+00
5h B 9.6 35.45 | 49 8.16 | 1.44E+08 25000 1.41E+06 1.20E-03 7.77E+00 | 4.00E+00
5hC | 9.53 | 33.15 | 49 8.18 | 1.51E+08 25000 1.48E+06 1.25E-03 1.28E+01 | 6.58E+00
5hA | 9.46 | 34.29 | 49 8.20 | 1.57E+08 25000 1.54E+06 1.31E-03 6.41E+00 | 3.30E+00
5hB | 9.27 | 33.79 | 49 8.25 | 1.78E+08 25000 1.74E+06 1.47E-03 1.15E+01 | 5.92E+00
5hC | 9.15 | 32.79 | 49 8.28 | 1.92E+08 25000 1.88E+06 1.59E-03 1.67E+01 | 8.61E+00
NTC | 34.62| 38.3
11hA| 865 | 31.91 | 49 8.42 | 2.63E+08 25000 2.58E+06 2.18E-03 1.07E+01 | 5.51E+00
11hB | 9.36 | 33.33 | 49 8.22 | 1.68E+08 25000 1.64E+06 1.39E-03 3.32E+00 | 1.71E+00
11hC| 9.1 3294 | 50 8.30 | 1.98E+08 25000 1.98E+06 1.67E-03 8.42E+00 | 4.34E+00
11hA| 8.6 3241 | 49 8.43 | 2.71E+08 25000 2.66E+06 2.25E-03 9.33E+00 | 4.81E+00
11hB | 895 | 3353 | 49 8.34 | 2.17E+08 25000 2.13E+06 1.80E-03 4.31E+00 | 2.22E+00
11hC | 8.97 | 33.03 | 50 8.33 | 2.15E+08 25000 2.15E+06 1.82E-03 8.64E+00 | 4.45E+00
11h A | 8.63 32.8 49 8.43 | 2.66E+08 25000 2.61E+06 2.21E-03 1.05E+01 | 5.43E+00
11hB | 878 | 33.03 | 49 8.38 | 2.42E+08 25000 2.37E+06 2.01E-03 5.37E+00 | 2.76E+00
11hC| 8.83 | 33.34 | 50 8.37 | 2.35E+08 25000 2.35E+06 1.99E-03 1.07E+01 | 5.52E+00
NTC | 34.45| N/A
1IDA | 1235| 31.89 | 50 7.40 | 2.53E+07 12500 5.06E+05 4.28E-04 7.33E+00 | 3.78E+00
1IDB | 12.7 | 3296 | 50 7.31 | 2.03E+07 12500 4.05E+05 3.43E-04 3.90E+00 | 2.01E+00
1IDC | 13.47 | 28.64 | 50 7.10 | 1.25E+07 12500 2.49E+05 2.11E-04 2.84E+00 | 1.46E+00
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AGF RNA - Raw data - 07/28/2007 (continued)

(conti nued)

lo Vol. of culture | copy #/uL of | ng 16S rRNA/uL | RNA:DNA | RNA:DNA
D ct -RT vol cop)g/ # copy # used (uL) F():)l/JIture ° of culture (copy #) (ng)

NTC | 35.13 38.5
3DA | 9.93 31.83 50 8.07 | 1.17E+08 12500 2.34E+06 1.98E-03 3.98E+00 | 2.05E+00
3DB 10.8 30.91 48 7.83 | 6.74E+07 12500 1.29E+06 1.10E-03 1.49E+00 | 7.65E-01
3DC | 9.74 | 32.62 50 8.12 | 1.32E+08 12500 2.64E+06 2.23E-03 3.86E+00 | 1.99E+00
3DA | 10.1 32.07 50 8.02 | 1.05E+08 12500 2.10E+06 1.78E-03 3.26E+00 | 1.68E+00
3DB | 10.76 | 30.72 48 7.84 | 6.92E+07 12500 1.33E+06 1.12E-03 1.98E+00 | 1.02E+00
3DC | 9.68 32 50 8.14 | 1.37E+08 12500 2.74E+06 2.32E-03 4.91E+00 | 2.53E+00
3DA | 9.92 31.65 50 8.07 | 1.18E+08 12500 2.35E+06 1.99E-03 4 57E+00 | 2.36E+00
3DB | 10.03 | 30.73 48 8.04 | 1.10E+08 12500 2.11E+06 1.78E-03 2.49E+00 | 1.28E+00
3DC | 9.55 32.84 50 8.17 | 1.49E+08 12500 2.97E+06 2.52E-03 6.44E+00 | 3.32E+00
5DA | 10.49 | 26.81 48 7.91 | 8.20E+07 12500 1.58E+06 1.33E-03 2.09E+00 | 1.08E+00
5DB | 10.19 | 25.95 49 8.00 | 9.92E+07 12500 1.94E+06 1.65E-03 2.27E+00 | 1.17E+00
5DC | 10.17 | 26.69 48 8.00 | 1.00E+08 12500 1.93E+06 1.63E-03 1.68E+00 | 8.64E-01
5DA | 10.44 | 27.72 48 7.93 | 8.47E+07 12500 1.63E+06 1.38E-03 2.02E+00 | 1.04E+00
5D B 10.1 26.44 49 8.02 | 1.05E+08 12500 2.06E+06 1.74E-03 3.01E+00 | 1.55E+00
5DC | 10.32 | 26.71 48 7.96 | 9.14E+07 12500 1.75E+06 1.49E-03 1.95E+00 | 1.00E+00
5DA | 10.16 27.6 48 8.00 | 1.01E+08 12500 1.94E+06 1.64E-03 3.73E+00 | 1.92E+00
5D B 9.76 26.33 49 8.11 | 1.30E+08 12500 2.55E+06 2.16E-03 4.00E+00 | 2.06E+00
5DC | 10.24 | 26.76 48 7.98 | 9.61E+07 12500 1.85E+06 1.56E-03 2.15E+00 | 1.11E+00
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13.7

RNA:DNA vsgrowth rate curve AGF

Stdev
RNA:DNA* Stdev
SRT (hr) m h~-1 (copy number) (RNA:DNA |RNA:DNA (ng) (RNA:DNA ng)
copy #)
4.92 0.2033 8.34 4.50 4.30 2.32
11.22 0.0891 7.93 2.87 4.08 1.48
30.83 0.0324 4.60 1.45 2.37 0.74
74.33 0.0135 3.66 1.56 1.89 0.80
124.34 0.0080 2.54 0.83 1.31 0.43
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13.8 RNA:DNA vsgrowth rate curve SNA DNA

SNA DNA Raw data - 07/28/2007

Volume of eluate used in PCR reaction 2 ul

Dilution factor of eluate for PCR reaction 10

Size of 16s rDNA 1500 bp

log copy Vol. of copy #/uL of [ng 16S rDNA/
ID Ct | volume # copy # |culture used culture uL of culture

5h A ]15.45]| 200 5.58 3.77E+05 10000 37680.05 6.19E-05
5hB | 15.74 | 198 5.50 3.14E+05 10000 31088.30 5.11E-05
5hC | 16.04 | 200 5.42 2.60E+05 10000 26006.55 4.27E-05
5h A ]15.31] 200 5.61 4.11E+05 10000 41145.44 6.76E-05
5hB | 15.75| 198 5.49 3.12E+05 10000 30893.54 5.08E-05
5hC | 15.31| 200 5.61 4.11E+05 10000 41145.44 6.76E-05
5h A | 15.42| 200 5.58 3.84E+05 10000 38397.19 6.31E-05
5hB | 15.76 | 198 5.49 3.10E+05 10000 30700.00 5.05E-05
5hC | 15.71| 200 5.51 3.20E+05 10000 31999.98 5.26E-05
NTC | N/A
6hA | 1495| 197 5.71 5.16E+05 10000 50817.43 8.35E-05
6hB | 15.31| 202 5.61 4.11E+05 10000 41556.89 6.83E-05
6hC | 14.56 | 202 5.82 6.59E+05 10000 66579.51 1.09E-04
6hA | 1442 197 5.86 7.20E+05 10000 70903.17 1.17E-04
6hB | 14.79 | 202 5.76 5.70E+05 10000 57619.13 9.47E-05
6hC | 14.87 | 202 5.73 5.43E+05 10000 54793.91 9.01E-05
6h A | 1449 | 197 5.84 6.89E+05 10000 67851.67 1.12E-04
6h B | 14.82 | 202 5.75 5.60E+05 10000 56542.99 9.29E-05
6hC | 14.12| 202 5.94 8.69E+05 10000 87786.91 1.44E-04
NTC | N/A
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(continued)

log copy Vol. of copy #/uL of [ng 16S rDNA/
ID Ct | volume # copy # |culture used culture uL of culture

11h A| 15.22 [ 200 5.64 4.35E+05 10000 43539.70 7.16E-05
11h B| 14.40 | 198 5.86 7.29E+05 10000 72164.43 1.19E-04
11h C| 14.84 | 200 5.74 5.53E+05 10000 55283.92 9.09E-05
11h A| 14.46 [ 200 5.85 7.02E+05 10000 70195.97 1.15E-04
11h B| 14.39( 198 5.87 7.34E+05 10000 72619.37 1.19E-04
11h C| 14.72 | 200 5.78 5.96E+05 10000 59614.29 9.80E-05
11h A| 15.00 [ 200 5.70 5.00E+05 10000 49995.39 8.22E-05
11h B| 14.07 | 198 5.95 8.97E+05 10000 88795.32 1.46E-04
11h Cf 1491 | 200 5.72 5.29E+05 10000 52904.63 8.70E-05
NTC | N/A

1IDA|[1494] 204 5.72 5.19E+05 5000 105909.76 1.74E-04
1DB | 14.81] 200 5.75 5.63E+05 5000 112672.18 1.85E-04
1IDC | 1449 | 204 5.84 6.89E+05 5000 140525.28 2.31E-04
IDA | 14.16 | 204 5.93 8.48E+05 5000 172910.50 2.84E-04
1DB | 14.32] 200 5.88 7.67E+05 5000 153303.61 2.52E-04
1D C | 14.57| 204 5.82 6.55E+05 5000 133634.95 2.20E-04
IDA|[14.75] 204 5.77 5.85E+05 5000 119341.82 1.96E-04
1DB | 14.45] 200 5.85 7.06E+05 5000 141277.01 2.32E-04
1DC | 14.21| 204 5.91 8.21E+05 5000 167561.74 2.75E-04
3DA|1453| 199 5.83 6.72E+05 5000 133678.07 2.20E-04
3DB | 14.34| 202 5.88 7.57E+05 5000 152902.71 2.51E-04
3DC | 15.23| 198 5.64 4.33E+05 5000 85668.53 1.41E-04
3DA|14.33| 199 5.88 7.62E+05 5000 151581.49 2.49E-04
3D B | 14.02| 202 5.97 9.26E+05 5000 186961.75 3.07E-04
3DC | 15.10| 198 5.67 4.70E+05 5000 92961.30 1.53E-04
3DA|14.78 | 199 5.76 5.74E+05 5000 114242.49 1.88E-04
3D B | 14.23| 202 5.91 8.11E+05 5000 163846.61 2.69E-04
3DC | 14.87| 198 5.73 5.43E+05 5000 107417.76 1.77E-04
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13.9

RNA:DNA vsgrowth rate curve SNA RNA

SNA chemostat samples 2x Dnased, Raw data - 08/08/2007

Volume of eluate used in PCR reaction 2 ul

Dilution factor of eluate for PCR reaction 1

Size of 16s rDNA 1500 bp

volume | log copy Vol. of culture | copy #/uL of ng 16S RNA:DNA | RNA:DNA
ID Ct -RT (ul) # copy # used (uL) culture rDNA/uUL of | (copy #) (ng)

5h A 5.7] 32.14] 50 10.72 5.19E+10 10000 1.30E+08 1.10E-01 3446.49 1775.47
5h B 5.7] 33.43] 50 10.72 5.19E+10 10000 1.30E+08 1.10E-01 4177.26 2151.92
5hC| 5.43] 33.2| 51 10.80 6.32E+10 10000 1.61E+08 1.36E-01 6197.64 3192.72
5h A| 5.55] 32.83] 50 10.76 5.79E+10 10000 1.45E+08 1.23E-01 3519.75 1813.20
5h B 5.76] 33.25] 50 10.70 4.97E+10 10000 1.24E+08 1.05E-01 4024.24 2073.09
5hC| 5.33] 32.53] 51 10.83 6.80E+10 10000 1.73E+08 1.47E-01 4212.60 2170.13
5h A| 5.39] 32.82] 50 10.81 6.51E+10 10000 1.63E+08 1.38E-01 4236.77 2182.58
5h B 5.72] 33.11] 50 10.71 5.12E+10 10000 1.28E+08 1.08E-01 4169.06 2147.70
5hC| 5.31] 32.64] 51 10.84 6.90E+10 10000 1.76 E+08 1.49E-01 5495.85 2831.20
NTC | 34.19

6h A| 5.98] 34.83] 50 10.63 4.24E+10 10000 1.06E+08 8.97E-02 2084.97 1074.08
6h B 6.24] 36.26] 50 10.55 3.51E+10 10000 8.77E+07 7.43E-02 2110.60 1087.28
6hC| 5.98] 33.75| 51 10.63 4.24E+10 10000 1.08E+08 9.15E-02 1623.20 836.19
6h A| 6.01] 36.29] 50 10.62 4.15E+10 10000 1.04E+08 8.78E-02 1462.10 753.20
6h B 6.53] 36.43] 50 10.45 2.84E+10 10000 7.10E+07 6.02E-02 1232.96 635.16
6hC| 6.08] 34.1] 51 10.60 3.94E+10 10000 1.00E+08 8.51E-02 1834.08 944.83
6h A| 6.05] 35.19] 50 10.61 4.03E+10 10000 1.01E+08 8.53E-02 1484.08 764.53
6h B 6.12] 35.4] 50 10.58 3.83E+10 10000 9.57E+07 8.10E-02 1692.57 871.93
6hC| 5.94| 33.66] 51 10.64 4.36E+10 10000 1.11E+08 9.42E-02 1267.38 652.89
NTC | 33.85
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(continued)

volume | log copy Vol. of culture | copy #/mL of ng 16S RNA:DNA | RNA:DNA
ID Ct -RT (uh # copy # used (uL) culture rDNA/mL of | (copy #) (ng@)

11h A| 5.59| 32.81] 48 10.75 5.63E+10 10000 1.35E+08 1.14E-01 3101.66 1597.82
11h B| 5.71f 33.81| 48 10.71 5.16E+10 10000 1.24E+08 1.05E-01 1715.07 883.52
11lh C| 5.78] 34.41] 50 10.69 4.90E+10 10000 1.23E+08 1.04E-01 2216.36 1141.76
11h A| 5.47| 33.14] 48 10.79 6.14E+10 10000 1.47E+08 1.25E-01 2099.15 1081.38
11h B| 5.66| 33.82] 48 10.73 5.35E+10 10000 1.28E+08 1.09E-01 1767.39 910.47
11lh C| 5.88] 34.37| 50 10.66 4.56E+10 10000 1.14E+08 9.65E-02 1911.28 984.60
11h A| 5.54| 32.95] 48 10.77 5.84E+10 10000 1.40E+08 1.19E-01 2801.12 1443.00
11h B| 5.63| 33.86] 48 10.74 5.47E+10 10000 1.31E+08 1.11E-01 1477.28 761.03
11lh C| 5.64] 34.51] 50 10.73 5.43E+10 10000 1.36E+08 1.15E-01 2564.09 1320.89
NTC | 33.82

IDA]| 7.63] 32.37] 50 10.11 1.28E+10 5000 6.39E+07 5.41E-02 603.14 310.71
1D B| 8.18] 33.43] 51 9.93 8.57E+09 5000 4.37E+07 3.70E-02 387.74 199.74
1D C| 7.45] 32.09] 49 10.16 1.46E+10 5000 7.13E+07 6.04E-02 507.74 261.56
1IDA| 7.63] 32.15| 50 10.11 1.28E+10 5000 6.39E+07 5.41E-02 369.43 190.31
1DB| 8.13] 33.84] 51 9.95 8.88E+09 5000 4.53E+07 3.84E-02 295.52 152.24
IDC| 7.31] 31.94] 49 10.21 1.61E+10 5000 7.90E+07 6.69E-02 591.10 304.51
1D A| 7.62] 33.09] 50 10.11 1.29E+10 5000 6.43E+07 5.45E-02 539.16 277.75
1DB| 8.07] 34.33] 51 9.97 9.28E+09 5000 4.73E+07 4.01E-02 334.97 172.56
1D C 7.5 32.49] 49 10.15 1.40E+10 5000 6.88E+07 5.83E-02 410.62 211.53
3D A| 5.81] 32.53] 50 10.68 4.80E+10 5000 2.40E+08 2.03E-01 1793.66 924.01
3DB| 5.69 32| 50 10.72 5.23E+10 5000 2.62E+08 2.22E-01 1711.04 881.44
3DC| 5.36] 31.54] 50 10.82 6.65E+10 5000 3.33E+08 2.82E-01 3881.61 1999.62
3DA| 5.83] 32.4| 50 10.67 4.73E+10 5000 2.36E+08 2.00E-01 1558.98 803.11
3D B| 5.54] 32.16] 50 10.77 5.84E+10 5000 2.92E+08 2.47E-01 1560.51 803.90
3DC| 5.32] 31.3] 50 10.84 6.85E+10 5000 3.42E+08 2.90E-01 3682.61 1897.10
3D A| 5.76] 33.03] 50 10.70 4.97E+10 5000 2.49E+08 2.11E-01 2176.47 1121.21
3D B| 5.58] 32.42| 50 10.75 5.67E+10 5000 2.83E+08 2.40E-01 1729.65 891.03
3DC| 5.41] 31.66] 50 10.81 6.41E+10 5000 3.21E+08 2.72E-01 2985.21 1537.84
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13.10 RNA :DNA vsgrowth rate curve SNA
RNA:DNA
SRT (hr) m h"-1 (copy #) stdev RNA:DNA (ng)] stdev
5.83 0.1715 4386.63 895.87 2259.78 461.51
6.31 0.1585 1643.55 320.26 846.68 164.98
11.13 0.0899 2183.71 541.17 1124.94 278.78
27.53 0.0363 448.82 113.82 231.21 58.64
84.13 0.0119 2342.19 929.14 1206.58 478.65
13.11 Chemostat Raw Data — SNA
Measuring flow rate Solids analysis
flow total
Date Volume | Time, dish + | dried at | TSS,
collected | collected | sec rate, [volume, { SRT, d| SRT, hfm, h"-1 filter (g)1104C (g)| mg/L
mL/min mL
9/14/2006 8.6 180 | 2.8667 | 1003 0.24 | 5.83 | 0.1715 | 52.6704| 52.6882 | 356
8/18/2006 8.2 196 | 2.5102 950 0.26 | 6.31 | 0.1585 | 61.9655| 61.9748 | 186
8/11/2006 8 327 | 1.4679 980 0.46 | 11.13 | 0.0899 | 61.96 61.98 | 400
8/14/2006 14.1 1539 | 0.5497 908 1.15 | 27.53 | 0.0363 | 61.9655| 61.9935 | 560
9/13/2006 3.8 1332 | 0.1712 864 3.51 | 84.13 | 0.0119 | 61.9671| 62.0095 | 848
13.12 Chemostat Raw Data— AGF
Measuring flow rate Solids analysis
. flow total . .
Date Volume | Time, dish + | dried at | TSS,
collected | collected | sec rate,_ volume, | SRT, d [ SRT, hfm, h7-1 filter (g)|104C (g)| mg/L
mL/min mL
10/17/2006 8 161 | 2.9814 880 0.20 492 | 0.2033 | 53.0188| 53.0214 | 52
11/4/2006 8 405 | 1.1852 798 0.47 11.22 | 0.0891 | 52.6655| 52.6671 32
10/9/2006 14.1 1539 | 0.5497 1017 1.28 30.83 | 0.0324 | 52.6646 | 52.6688 | 84
10/4/2006 4.22 1338 | 0.1892 844 3.10 74.33 | 0.0135 | 52.6642| 52.6769 | 254
11/9/2006 4.5 1848 | 0.1461 1090 5.18 |124.34] 0.0080 | 52.6700| 52.69 480
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N/A = sample did not amplify, omitted = growth rate not applicable because it is outside of the range of standard curve determined from chemostats

13.13 North Cary WWTP - SNA
RNA DNA
sample Vol. RNA eluate Vol. DNA Ct Ct (RT) copy #/ul SNA Ct copy #/ul RNA:PNA Growth rate (h*
(uL)* eluate (uL) sample sample (copies) 1)

E1l 50 104.0 15.2 29.09 6.52E+05 20.68 366.15 1779.56 0.09469
E1-2 50 104.0 15.25 29.02 6.28E+05 20.64 375.47 1673.46 0.08937
E1-3 50 104.0 14.41 29.28 1.16E+06 21 299.45 3863.66 0.19922
E2 50 98.5 16.01 35.13 3.62E+05 21.7 182.67 1979.88 0.10473
E2-2 50 98.5 16.06 34.35 3.49E+05 21.59 195.75 1781.70 0.09479
E2-3 50 98.5 15.81 37.57 4.18E+05 22.02 149.40 2799.64 0.14585
E3 50 98.5 15.57 28.05 4.98E+05 21.25 242.38 2054.46 0.10848
E3-2 50 98.5 15.35 28.03 5.84E+05 20.89 303.91 1922.56 0.10186
E3-3 50 98.5 15.48 27.96 5.32E+05 20.91 300.12 1771.36 0.09428
11 50 99.0 16.21 N/A 3.13E+05 22.29 126.72 2467.98 0.12922
11-2 50 99.0 16.36 40.53 2.80E+05 21.82 170.26 1647.10 0.08804
11-3 50 99.0 16.39 N/A 2.74E+05 22.2 134.09 2046.28 0.10807
12 50 99.0 14.71 29.69 9.30E+05 21.81 171.34 5429.76 omitted
12-2 50 99.0 14.71 30.04 9.30E+05 21.35 228.77 4066.61 0.20940
12-3 50 99.0 14.7 29.72 9.37E+05 21.71 182.45 5136.23 omitted
13 50 99.0 15.31 35.36 6.02E+05 21.62 193.07 3115.63 0.16170
13-2 50 99.0 15.39 38.73 5.68E+05 21.21 249.81 2271.93 0.11938
13-3 50 99.0 15.04 35.02 7.32E+05 21.18 254.56 2875.26 0.14964
N1 50 102.0 14.37 26.44 1.19E+06 22.14 143.47 8302.27 omitted
N1-2 50 102.0 14.45 26.41 1.12E+06 21.61 200.17 5614.27 omitted
N1-3 50 102.0 15.2 26.53 6.52E+05 21.73 185.63 3510.13 0.18148
N2 50 100.0 14.73 37.57 9.17E+05 22.86 89.46 10248.96 omitted
N2-2 50 100.0 14.82 37.1 8.59E+05 22.59 106.01 8101.81 omitted
N2-3 50 100.0 15.24 N/A 6.33E+05 22.22 133.76 4731.88 omitted
N3 50 101.0 14.09 34.15 1.46E+06 23.03 81.20 17978.76 omitted
N3-2 50 101.0 14.14 34.1 1.41E+06 22.83 92.08 15289.47 omitted
N3-3 50 101.0 15.09 36.8 7.06E+05 22.3 128.47 5494.03 omitted

NTC 1 37.25 N/A N/A

NTC 2 42.9 N/A N/A

NTC 3 35.53 38.13 N/A
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13.14 North Cary WWTP - AGF
RNA DNA
sample Vol. RNA Vol. DNA Ct Ct (-RT) copy # / ul AGE Ct copy # / ul RNA:PNA Growth rate (h”-
eluate (uL)* eluate (uL) sample sample (copies) 1)
El 50 104.0 23.38 31.76 4.60E+02 30.24 1.35 339.95 omitted
E1-2 50 104.0 24.24 24.12 2.75E+02 30.07 1.53 180.28 omitted
E1-3 50 104.0 23.45 N/A 4.41E+02 29.9 1.72 256.73 omitted
E2 50 98.5 25.47 27.75 1.32E+02 31.71 0.46 288.52 omitted
E2-2 50 98.5 25.91 N/A 1.01E+02 30.73 0.91 111.36 omitted
E2-3 50 98.5 26.16 41.24 8.71E+01 30.25 1.27 68.43 omitted
E3 50 98.5 25.6 28.24 1.22E+02 30.1 1.41 86.12 omitted
E3-2 50 98.5 26.03 34.32 9.42E+01 29.33 2.43 38.76 omitted
E3-3 50 98.5 25.97 31.95 9.76E+01 28.77 3.60 27.11 omitted
11 50 99.0 28.23 33.34 2.52E+01 31.69 0.47 54.23 omitted
11-2 50 99.0 28.04 32.59 2.83E+01 30.29 1.24 22.72 omitted
11-3 50 99.0 28.22 40.75 2.54E+01 29.87 1.67 15.19 0.20539
12 50 99.0 25.43 29.23 1.35E+02 32.45 0.27 49451 omitted
12-2 50 99.0 25.49 34.6 1.30E+02 30.13 1.39 93.47 omitted
12-3 50 99.0 25.18 27.54 1.57E+02 29.77 1.79 87.38 omitted
13 50 99.0 25.54 37.2 1.26E+02 31.9 0.40 314.59 omitted
13-2** 50 99.0 27.11 N/A 4.93E+01 1415 069849180.74 0.00 omitted
13-3 50 99.0 37.29 N/A 1.11E-01 30.47 1.10 0.10 omitted
N1 50 102.0 23 27.33 5.78E+02 31.49 0.55 1047.32 omitted
N1-2 50 102.0 23.44 30.59 4.44E+02 30.12 1.44 307.35 omitted
N1-3 50 102.0 23.24 33.63 5.00E+02 30.05 1.52 329.82 omitted
N2 50 100.0 27.41 39.11 4.12E+01 31.08 0.72 57.14 omitted
N2-2 50 100.0 35.41 N/A 3.43E-01 28.7 3.84 0.09 omitted
N2-3 50 100.0 N/A N/A #VALUE! 29.88 1.68 #VALUE! #VALUE!
N3 50 101.0 26.16 29.6 8.71E+01 29.04 3.06 28.52 omitted
N3-2 50 101.0 26.57 32.15 6.82E+01 29.02 3.10 22.00 omitted
N3-3 50 101.0 26.32 31.78 7.92E+01 28.64 4.05 19.57 omitted
NTC 1 29.08 34.3 34.22
NTC 2 28.06 36.09 34.48
NTC 3 28.64 33.76 35.01

*volume used to elute, not actual volume of eluate, **sample did not amplify correctly and wasther efor e omitted
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13.15 Raw Data — Samples from substrate study (13) — SNA growth rate
volume of RNA eluate used in PCR reaction 2uL
volume of initial sample from WWTP 2000 uL
RNA DNA
Vol. RNA Vol. DNA Ct copy #/ ul copy #/ ul RNA:DNA | Growth rate Avg
Sample eluate Ct Ct . growth | Stdev
eluate (uL) (-RT) sample sample (copies) (h"-1)
(uL) rate

glua 49 200.0 |[15.39 32.58 | 5.562E+05 | 13.14 | 8.045E+04 6.913 0.01
glua 49 200.0 |15.69| 33.67 | 4.472E+05 | 10.77 | 3.568E+05 1.254 0.01 0.01 0.00
glua 49 200.0 | 155 | 33.1 | 5.135E+05| 8.38 | 1.602E+06 0.320 0.01
glub 47 192.0 7.09 | 32.14 | 2.223E+08 | 13.13 | 7.772E+04 2859.636 0.15
glub 47 192.0 | 7.12 | 33.83 | 2.175E+08 | 13.69 | 5.467E+04 3978.164 0.20 0.16 0.04
glub 47 192.0 | 7.01 | 32.17 | 2.356E+08 | 12.92 | 8.869E+04 2656.109 0.14
gluc 49 195.0 7.6 | 32.62 | 1.600E+08 | 22.62 | 2.029E+02 | 788515.198 39.55
gluc 49 195.0 | 759 | 33.21 | 1.611E+08 | 21.88 | 3.230E+02 | 498882.384 25.03 35.10 8.74
gluc 49 195.0 7.5 | 32.88 | 1.720E+08 | 22.55 | 2.120E+02 | 811461.592 40.70
aca 49 190.0 |14.02] 33.75 | 1.505E+06 | 19.93 | 1.072E+03 1404.639 0.08
aca 49 190.0 |13.97| 33.59 | 1.561E+06 | 18.57 | 2.519E+03 619.671 0.04 0.05 0.02
aca 49 190.0 |13.93| 33.65 | 1.607E+06 | 18.51 | 2.616E+03 614.343 0.04
ach 47 192.0 | 9.72 | 30.18 | 3.287E+07 | 13.84 | 4.975E+04 660.669 0.04
ach 47 192.0 | 9.31 | 30.89 | 4.428E+07 | 13.49 | 6.199E+04 714.278 0.04 0.04 0.01
ach 47 192.0 | 9.29 | 30.65 | 4.492E+07 | 13.79 | 5.134E+04 875.102 0.05
acc 438 196.0 7.7 32.11 | 1457E+08 | 11.95] 1.666E+05 874.798 0.05
acc 438 196.0 7.79 | 31.82 | 1.365E+08 | 9.24 9.145E+05 149.232 0.01 0.03 0.03
acc 438 196.0 7.57 | 31.67 | 1.601E+08 | N/A #VALUE! #VALUE! #VALUE!
pyr a 50 150.0 |15.09{ 29.05 | 7.058E+05 ] N/A #VALUE! #VALUE! #VALUE!
pyr a 50 150.0 |14.91] 29.33 | 8.045E+05 | 21.51 | 3.135E+02 2566.373 0.13 3.89 5.32
pyr a 50 150.0 |14.98| 29.18 | 7.646E+05 | 28.09 | 5.015E+00 152442.143 7.65
pyr b 50 194.0 |12.26| 28.74 | 5.520E+06 | 12.51 | 1.159E+05 47.606 0.01
pyr b 50 194.0 |13.18| 28.79 | 2.828E+06 | 12.52 | 1.152E+05 24.548 0.01 0.01 0.00
pyr b 50 194.0 |13.17| 28.81 | 2.849E+06 | 11.64 | 2.003E+05 14.223 0.01
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(continued)

RNA DNA
Vol. RNA | Vol. DNA Ct copy #/ ul copy #/ ul RNA:DNA |Growth rate Avg
Sample | eluate eluate Ct (RT) sample Ct sample (copies) (h~-1) growth | Stdev
(uL) (uL) rate
pyr c* 49 194.0 |[12.23]| 30.54 | 5.529E+06 | 13.22 | 7.421E+04 74.496 0.01
pyr c* 49 194.0 |[12.28| 30.02 | 5.331E+06 | 13.47 | 6.342E+04 84.059 0.01 0.01 0.00
pyr c* 49 194.0 |[12.15| 30.25 | 5.860E+06 | 12.23 | 1.383E+05 42.382 0.01
proa* 49 194 14.65| 31.16 | 9.524E+05 | 26.48 | 1.784E+01 53377.871 2.68
proa* 49 194 14.86| 31.45 | 8.175E+05 | 28.68 | 4.477E+00 | 182610.166 9.16 4.21 4.40
proa* 49 194 14.8 | 31.33 | 8.540E+05 | 24.67 | 5.565E+01 15346.645 0.78
pro b* 48 195 7.5 | 29.49 | 1.685E+08 | 19.2 | 1.740E+03 96827.256 4.86
pro b* 48 195 7.76 | 29.71 | 1.395E+08 | 19.3 | 1.634E+03 85354.579 4.29 4.36 0.47
pro b* 48 195 7.55 | 29.35 | 1.625E+08 | 18.92 | 2.075E+03 78306.124 3.93
pro ¢ 48 218 6.53 | 29.04 | 3.410E+08 | 20.22 | 1.025E+03 | 332755.654 16.69
pro ¢ 48 218 6.66 | 28.84 | 3.103E+08 | 19.78 | 1.351E+03 | 229617.161 11.52 13.73 2.67
pro ¢ 48 218 6.53 | 28.85 | 3.410E+08 | 19.82 | 1.318E+03 | 258793.547 12.99
me a 48 195 17.42] 30.39 | 1.246E+05 | 35.22 | 7.383E-02 | 1687666.485 84.65
me a 48 195 17.67| 30.69 | 1.039E+05 | 23.44 | 1.212E+02 857.558 0.05 0.05 0.01
me a 48 195 17.67| 30.59 | 1.039E+05 | 23.8 | 9.663E+01 1075.272 0.06
me b 48 194 16.4 | 34.24 | 2.615E+05 | 24.81 | 5.096E+01 5131.695 0.26
me b 48 194 16.64| 33.8 | 2.197E+05 | 25.35 | 3.629E+01 6051.901 0.31 0.26 0.04
me b 48 194 16.47| 34.53 | 2.485E+05 | 24.61 | 5.778E+01 4301.112 0.22
me c* 48 194 16.46| 30.66 | 2.504E+05 | 27.17 | 1.156E+01 21648.998 1.09
me c* 48 194 16.54| 30.66 | 2.362E+05 | 29.82 | 2.187E+00 | 108007.001 5.42 6.60 6.18
me c* 48 194 16.44| 30.81 | 2.540E+05 | 31.13 | 9.601E-01 | 264577.682 13.28
NTC 34.07 29.34
NTC 33.89 28.71
NTC 31.92 28.63
*Dnased 2x

average of duplicate instead of triplicate
within the limits of growth rate standard curve
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13.16 Raw Data — Samples from substrate study (13) — AGF

wolume of RNA eluate used in PCR reaction 2|uL
wvolume of initial sample from WW TP 2000 uL
AGF
RNA DNA
VoL RNA | y/01 DA Ct | copy#/ul copy #/ul | RNA:DNA |Growth rate
Sample | eluate Ct Ct . n
(L) eluate (uL) (-RT) sample sample (copies) (h~-1)
glu a 49 200.0 28.06 | 29.24 14.94 35.37 0.0708 210.92 337
glub 47 192.0 29.74 | 30.84 4.95 34.84 0.0987 50.16 077
gluc 49 195.0 27.84 | 30.54 17.17 34.47 0.1300 13211 209
ac a 49 190.0 28.05 | 29.08 15.03 34.33 0.1397 107.59 1.70
ac b 47 192.0 27.65 | 29.16 18.57 33.05 0.3471 53.52 0.82
ac c 48 196.0 28.89 | 30.98 8.66 35.33 0.0714 121.24 192
pyr a 50 150.0 33.01 | 30.26 0.67 N/A #VALUE! HALUE! HALUE!
pyr b 50 194.0 29.24 | 30.91 7.23 31.37 1.1417 6.33 0.06
pyr c* 49 194.0 27.64 | 28.67 19.49 33.84 0.2013 96.80 1.52
pro a * 49 194 28.23 | 29.43 13.42 35.64 0.0568 236.06 377
pro b* 48 195 27.29 | 28.66 23.82 34.95 0.0928 25679 411
pro ¢ 48 218 28.81 | N/A 9.10 41.60 0.0010 939003 151.58
me a 48 195 28.87 | 29.3 8.77 33.27 0.3020 29-03 043
me b 48 194 29.28 | 30.91 6.76 38.47 0.0078 869:13 13.99
me c* 48 194 28.23 | 29.52 13.14 N/A #VALUE! HALUE! HALUE!
NTC 29.61
NTC 28.71
NTC 28.46
*Dnased 2x
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13.17 Raw Data — Samples from survey study (23) — SNA
volume of DNA eluate used in PCR reaction 2 uL
wvolume of initial sample from WWTP 2000 uL
SNA
RNA DNA
Vol. RNA | Vol. DNA copy #/ul | SNA | copy #/ul | RNA:DNA | Growth rate
Sample eluate (uL)|eluate (uL) ct Ct(RT) sz)r/nple Ct** szﬁ‘nple (copies) (h~-1)
STP A 47 192.0 25.5 N/A 343.65 26.86 13.91 24.71 0.00667
STP A 47 192.0 25.99 N/A 240.69 27.21 11.16 21.57 0.00651
STP A 47 192.0 26.34 N/A 186.63 26.8 14.44 12.92 0.00608
STP B 49 203.0 26.69 N/A 150.87 27.49 9.90 15.25 0.00620
STP B 49 203.0 26.25 N/A 207.72 27.66 8.89 23.36 0.00660
STP B 49 203.0 26.41 N/A 184.92 27.73 8.51 21.73 0.00652
STP C 46 193.0 N/A N/A 0.00 25.75 28.08 0.00 0.00543
STP C 46 193.0 N/A N/A 0.00 25.46 33.70 0.00 0.00543
STP C 46 193.0 N/A N/A 0.00 25.88 25.88 0.00 0.00543
CRAM A 49 192.0 N/A N/A 0.00 24.49 61.67 0.00 0.00543
CRAM A 49 192.0 N/A N/A 0.00 24.38 66.08 0.00 0.00543
CRAM A 49 192.0 N/A N/A 0.00 24.5 61.28 0.00 0.00543
CRAM B 50 192.0 N/A N/A 0.00 24.93 46.77 0.00 0.00543
CRAM B 50 192.0 N/A N/A 0.00 25.42 34.37 0.00 0.00543
CRAM B 50 192.0 N/A N/A 0.00 24.65 55.77 0.00 0.00543
CRAM C 50 192.0 N/A N/A 0.00 23.91 88.79 0.00 0.00543
CRAM C 50 192.0 N/A N/A 0.00 23.84 92.78 0.00 0.00543
CRAM C 50 192.0 34.6 N/A 0.49 23.66 103.90 0.00 0.00543
GP A 48 190.0 28.01 N/A 56.63 25.2 39.06 1.45 0.00551
GP A 48 190.0 28.28 N/A 46.54 25.22 38.57 1.21 0.00549
GP A 48 190.0 28.67 N/A 35.05 25.22 38.57 0.91 0.00548
GP B* 49 191.0 23.47 N/A 1566.53 26.87 13.75 113.95 0.01115
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(continued)

SNA
RNA DNA
Vol. RNA | Vol. DNA copy #/ul | SNA |copy #/ul | RNA:DNA | Growth rate

Sample eluate (uL)|eluate (uL) ct Ct(RT) sample Ct** sample (copies) (h~-1)
GP B* 49 191.0 22.96 N/A 2269.40 26.71 15.20 149.29 0.01292
GP B* 49 191.0 23.03 N/A 2156.84 26.78 14.55 148.26 0.01287
GP C 49 193.0 28.36 N/A 44.82 26.99 12.88 3.48 0.00561
GP C 49 193.0 28.84 N/A 31.62 26.81 14.43 2.19 0.00554
GP C 49 193.0 28.56 N/A 38.76 26.84 14.16 2.74 0.00557
GAS A 52 182 24.38 N/A 858.07 25.31 34.92 24.57 0.00667
GAS A 52 182 27.96 N/A 63.62 25.63 28.56 2.23 0.00554
GAS A 52 182 26.83 32.36 144.62 26.05 21.93 6.59 0.00576
GAS B 53 188 26.41 N/A 200.02 25.7 28.23 7.09 0.00579
GAS B 53 188 26.29 N/A 218.24 25.11 40.90 5.34 0.00570
GAS B 53 188 26.78 31.14 152.86 25.91 24.74 6.18 0.00574
GAS C 50 188 24.14 N/A 982.29 25.65 29.13 33.72 0.00712
GAS C 50 188 24.98 N/A 533.47 25.03 43.01 12.40 0.00605
GAS C 50 188 25.47 31.6 373.64 25.19 38.89 9.61 0.00591
MON A 53 195 31.46 N/A 5.09 24.56 59.94 0.09 0.00544
MON A 53 195 28.91 N/A 32.51 24.3 70.58 0.46 0.00546
MON A 53 195 29.25 N/A 25.39 24.37 67.54 0.38 0.00545
MON B 49 190 N/A N/A 0.00 23.78 95.35 0.00 0.00543
MON B 49 190 N/A N/A 0.00 23.61 106.10 0.00 0.00543
MON B 49 190 N/A N/A 0.00 23.71 99.63 0.00 0.00543
MON C 49 190 28.24 N/A 48.91 24.73 52.48 0.93 0.00548
MON C 49 190 28.43 N/A 42.60 24.75 51.83 0.82 0.00547
MON C 49 190 28.5 31.21 40.49 24.88 47.76 0.85 0.00548

NTC N/A N/A N/A

NTC 36.29 36.29 34.61

NTC N/A N/A 35.81

*Dnased 2x
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13.18 Raw Data — Samples from survey study (23) — AGF
AGF
RNA DNA
Vol. RNA Vol. DNA copy #/ ul copy #/ul | RNA:DNA | Growth rate

Sample eluate (uL) eluate (uL) ct Ct(-RT) sample Ct sample (copies) (h~-1)
STP A 47 192.0 27.89 30.72 15.92 33.14 0.33 48.88 0.75
STP B 49 203.0 27.26 28.52 24.73 33.62 0.25 100.59 1.58
STP C 46 193.0 25.64 27.11 64.71 33.24 0.31 211.97 3.38
CRAM A 49 192.0 N/A N/A 0.00 34.31 0.14 0.00 -0.04
CRAM B 50 192.0 N/A N/A 0.00 30.72 1.78 0.00 -0.04
CRAM C 50 192.0 N/A N/A 0.00 35.11 0.08 0.00 -0.04

GP A 48 190.0 29.14 29.53 7.37 33.74 0.21 34.87 0.52
GP B* 49 191.0 26.87 27.74 31.65 32.2 0.63 50.45 0.77
GP C 49 193.0 28.61 29.13 10.53 32.08 0.69 15.26 0.21
GAS A 52 182 29.41 30.74 6.73 33.33 0.27 24.92 0.36
GAS B 53 188 28.8 30.51 10.10 35.04 0.08 120.26 1.90
GAS C 50 188 27.96 29.16 16.21 33.8 0.20 80.77 1.26
MON A 53 195 29 29.89 8.90 33.93 0.19 46.84 0.72
MON B 49 190 28.74 29.93 9.70 33.11 0.33 29.45 0.44
MON C 49 190 28.02 29.78 15.29 32.67 0.45 34.09 0.51

NTC 35.56 34.19

NTC 31.8

NTC 30.06

*Dnased 2x
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14 Appendix G — Sample Calculations

Sam?k ColewlaXions AGFE QNA “DNA n¥io VLN ©683-20-200%

Civalve = =3.21%| (Log aopy #) + 35,865

Log copy® = _ Cé value - 35.85 ~06.30514( () + 16.94404
3.233%)

for Sk -A sample :

Log copy @ = -0.30514( 12.68) + 10.94404
: 1 0

copy # = ID C legy copy B
= 10" (1.0

= | 19 x ot copies

Since ’L“Cﬂ\?lﬂ.l't was diluted 0% Lo PR rcaC-HMS,
copyt. _ 119 x 107 copies elva¥e

PCR e
! ] [J_lth&.l
copy ¥ 5

AL egiral cultwe [ Uolume % DNA eluatt [WL\M 5 ovigial culfure used:]
PcR r¥n for extachivn

(119 x107) * (126 L)
{ 2-ul) » (2500D.0)

= AL x 105 c,p:esj-uL on‘g;\ml cultwe

igemgf_-\-_&nﬁ%_: [copy ¥ [;o 1«9] 1% 00 (,ea ][ mol by "]
ML oviginal cultue WiLanginal cocltwe J copy }{ ol bp JLED2B X™ &
[4 ¢l > J[[D " M }[ese@] o) bp ]
ol bp 023 %0*> lop

= Fb xO2 1bs
L 4 cultwe
* for RNA | use 340 inskod % €60 .

RNA copy # 130 x 10°
#ill culhre

RNACDNA (copyW) = 130xit 2.8
4.6k 105
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Sample Calculakong Tn-situ growha rare | VLN 08-20- Zeoy

Suostate efleet study , qlucese -4 sansple
RNAIDNA tiv qlenated Same as previously described ,

P\”h; bMA‘ C{gwh) 2 Zulo-ql
Gl."t?l(ﬂrm&umh) + 2.467%6

BN DR =
Growda~ male - RNA: DVA - 2.4u36
61.q3]|
= 21D. — 2.
61.93)|
3.3 KW

¥ Yhe RNA and DNA concentabions were wndey e detection
limit of Hre real-Hae assays -+ Hais growta rate s
not valid . The calculations were shown o desronsiahon

pwpeses only.
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