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Chapter 2 

 

Biochemical and morphological  

analysis of the plant nuclear matrix 
 
Introduction 
 

Attachment of MAR DNA to the plant nuclear matrix is believed to organize 

chromosomal DNA into functional loop domains (Moreno Diaz de la Espina, 1995).  

These loops may correspond to independent units of gene regulation (Bode et al., 

1995).  The nuclear matrix is comprised of both protein and nucleic acid (Berezney 

and Coffey 1974), and numerous MAR DNA elements have been identified from a 

variety of organisms (Boulikas, 1995).  Compared to the amount of data regarding the 

DNA component of nuclear matrices, little is known regarding the protein 

composition of the matrix.  Even less is known about the proteins of the plant nuclear 

matrix.  Due to the insoluble nature of the matrix, and the challenge of isolating nuclei 

from plants, the composition of plant nuclear matrices is not easily studied.  The vast 

majority of nuclear matrix proteins characterized to date have been identified from 

animal systems.  Of these characterized matrix proteins, only a few have been reported 

to also be present in plants.  This may reflect important differences between plants and 

other eukaryotes, or may reflect the relative difficulty in studying plant nuclear 

matrices. 
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The interaction of MAR DNA with nuclear matrices is an evolutionarily conserved 

phenomenon.  MARs that interact in vitro with matrices from their native organism 

have been demonstrated to bind similarly to matrices prepared from evolutionarily 

distant organisms (Hall et al., 1991; Avramova and Bennetzen, 1993).   

 

Nuclear matrices have been isolated by a variety of methods.  However, two methods 

are most commonly employed.  Both methods remove loosely bound proteins and 

DNA in the putative loop domains.  The first method, which will be referred to as the 

NaCl method, uses sodium chloride and DNase I.  The second method, which will be 

referred to as the LIS method, uses lithium diiodosalicylate and restriction enzymes.  

In addition, the LIS method employs two “stabilization” steps: the addition of the 

divalent cation copper (Cu++) and a 42o C heat stabilization.   

 

Detailed studies of the isolation processes have been conducted in some animal 

systems (Belgrader et al.; 1991; Stuurman et al.; 1990; Neri et al., 1997), but no 

comparable analyses have been done in plant cells.  In animal systems, changes in 

preparation methods can yield differences in the morphology and protein composition 

of the matrix, but most of these differences are minor.  The limited data available from 

plants suggest that different matrix preparation methods generate relatively small 

differences in matrix morphology, binding activity, and protein composition 

(Avramova and Bennetzen, 1993; Moreno Diaz de la Espina, 1995). 

 

In this section, analysis of plant nuclear matrix protein from two divergent plant 

systems is presented.  The two plants were chosen for specific reasons.  Wheat was 
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chosen as a representative of the monocotyledonous class of plants.  Wheat nuclei can 

be obtained in large numbers and have been used as a convenient source for 

identification and characterization of several chromatin proteins, including histones 

and high mobility group proteins.  Tobacco culture cells (NT1 cells) were also chosen 

for analysis.  Tobacco represents the dicotyledonous class of plants, and has been used 

a model system for analysis of the transgenic effects of MAR DNA elements.  The 

nuclei of tobacco cells can be obtained with little contamination by cell wall or 

cytosolic components using established protocols (Hall and Spiker, 1994).   

 

The analysis presented here includes comparisons of several matrix extraction 

methods.  Nuclear matrices, as well as electrophoretically separated matrix protein 

preparations, were tested to confirm that specific DNA binding was maintained.  

Finally, microscopic analysis of matrices confirmed that nuclear morphology is 

maintained in matrices after removal of soluble and loosely associated nuclear 

components. 
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Materials and Methods 
 

NT1 Protoplast Isolation 

One hundred ml cultures of four day old tobacco (log phase) NT1 suspension cells 

were centrifuged 5 minutes at 450xg.  The media was removed by aspiration, and the 

pellet washed in 10mM MES (2-[N-morpholino]ethane-sulfonic acid sodium salt,  pH 

5.5, 0.4M mannitol.  The pellet was resuspended in 100ml of 10mM MES pH 5.5, 

0.4M mannitol containing 1g of cellulase (Onozuka RS Yakult Pharmaceutical LTD.) 

and 0.1g of pectolyase (Y-23 Seishin Corp.) and incubated for 30 to 60 min at 28oC 

with shaking at 125 rpm in a 0.5L Ehrhlenmeyer flask.  The resulting protoplasts 

were centrifuged at 450g and washed two times in 50ml of cold (4oC) 0.4M 

mannitol.  The protoplasts were used directly for nuclei isolation. 

NT1 Nuclei Isolation  

The protoplasts were centrifuged and the pellet resuspended in 50ml of Nuclei 

Isolation Buffer 1 (NIB1 = 0.5M hexylene glycol (Sigma-Aldrich), 20mM PIPES 

(piperazine-N,N’-bis[2-ethane-sulfonic acid]), 20mM KCl , 1% (v/v) thiodiglycol, 

50µM spermine, 125µM spermidine, 0.5mM  PMSF (phenylmethylsulfonyl fluoride 

2M stock in methanol), 2.1 µg/ml aprotinin, 0.5%  (v/v) Triton X-100, 0.5mM EDTA 

[ethylene diamine tetraacetic acid], pH=6.5).  Protoplasts were lysed by incubation in 

NIB1 for five minutes on ice.  All subsequent steps were done at 4 o C.  The nuclei 

were filtered through a series of 100µm, 50µm and 30µm nylon meshes to remove 

the cellular debris and then spun through 15% (v/v) Percoll (Pharmacia 17-0891-

01)/NIB1 for further purification.  The nuclei were washed two times with NIB2 

(NIB1 without Triton X-100).  Nuclei were counted using a hemocytometer and 
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resuspended at a concentration of 20 million nuclei per ml in NIB2 plus 50% (v/v) 

glycerol.  Nuclei were stored at –70 o C. 

Wheat germ nuclei isolation 

20 g of raw wheat germ was ground to a fine powder under liquid nitrogen with 

mortar and pestle.  The powder was suspended in 200 ml NIB1, and incubated on ice 

for five minutes.  All subsequent steps were done at 4 o C. The lysate was filtered 

through eight layers of cheesecloth, then through a series of 300µm, 200µm and 

100µm nylon meshes.  The lysate was then centrifuged through a cushion of 45% and 

90% (v/v) Percoll/NIB1 for five minutes at 1400xg.  Nuclei were recovered by 

suction at the 45%/90% interface.  Nuclei were washed in 200 ml centrifugation 

medium B (CMB = 0.5M hexylene glycol (Sigma-Aldrich), 10mM PIPES (pH 6.5), 5 

mM NaCl, 10 mM MgCl2, 20% (v/v) glycerol, 0.5mM PMSF) and centrifuged 5 

minutes at 150xg.  Nuclei were washed twice more in 200 ml NIB2 and centrifuged 

450xg for 15 minutes.  Nuclei were counted and stored as above. 

Nuclear matrix preparation (LIS extraction) 

All steps were performed at 4 o C except where indicated.  20 million nuclei were 

thawed on ice and washed in 10 ml NIB3 (NIB3= 0.5M hexylene glycol (Sigma-

Aldrich), 20mM HEPES (N-[2-hydroxymethyl]piperazine-N’-[2-ethane sulfonic 

acid]), 20mM KCl , 1% (v/v) thiodiglycol, 50µM spermine, 125µM spermidine, 

0.5mM PMSF, 2.1 µg/ml aprotinin, 0.5mM EDTA, pH=7.4).  Nuclei were 

resuspended in 0.5 ml NIB3 and CuSO4 added to a final concentration of 1mM.  

Nuclei were then heat treated for 15 minutes using a 42 o C water bath.  Nuclei were 

then incubated for 15 minutes at room temperature with gentle agitation in 10 ml of 

HIB2 (HIB2=10 mM litihium diiodosalicylate, 100 mM lithium acetate, 20 mM 
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HEPES, 2 mM EDTA, 0. 1% (w/v) digitonin, 0.5mM PMSF, 2.1 µg/ml aprotinin).  

The nuclei were centrifuged at for five minutes at 2500xg.  The extracted nuclei, or 

halos, were then washed, with gentle agitation, for five minutes in digestion/binding 

buffer (D/BB) (D/BB= 80mM NaCl, 20 mM Tris-HCl (pH 8.0), 1% thiodiglycol, 

50µM spermine, 125µM spermidine, 0. 1% digitonin, 0.5mM PMSF, 2.1 µg/ml 

aprotinin).  The nuclear halos were centrifuged for five minutes at 2500xg.  This wash 

was repeated.  Finally, the halos were washed in D/BB supplemented with 10 mM 

MgCl2.  The halos were centrifuged five minutes at 2500xg, and the pellet 

resuspended in 0.5 ml D/BB plus 10 mM MgCl2.  To produce matrices, nuclear DNA 

was digested by incubating halos at 37 o C for 1 hour with 250U each of two 

restriction enzymes (EcoRI and HindIII except where noted).  A second dose of 250U 

of each enzyme was added and the extract incubated at 37 o C for one additional hour.  

In some cases, instead of restriction enzymes, DNase I plus 1 mM CaCl2 was added to 

a final concentration of 100 µg/ml, and the extract incubated at room temperature for 1 

hour. 

Exogenous binding assay 

Approximately 250,000 matrices in 100 µl D/BB plus MgCl2 were incubated with 

plasmid DNA fragments end labeled by Klenow fill-in reaction (Sambrook et al., 

1989).  Probes were separated from unincorporated nucleotides by Sepharose G-50 

spin column purification.  100,000 cpm per fragment were used in each binding assay.  

Endogenous DNA released by endonuclease digestion served as competitor in the 

binding reactions.  Binding reactions were carried out for three hours at 37 o C, with 

mixing every twenty minutes.  At the end of the binding reaction, the pellet fraction 

was separated from the supernatant by centrifugation at 2500xg for 5 minutes.  Eighty 
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µl of supernatant was removed to a clean tube, and EDTA was added to a final 

concentration of 10 mM.  The pellet was washed twice with 200 µl of D/BB, without 

protease inhibitors.  The pellet was digested overnight at room temperature with 

25mM Proteinase K (Roche/Boehringer Mannheim) in 10 mM Tris-HCl, 1 mM 

EDTA, 0.5% (w/v) SDS (sodium dodecyl sulfate), pH8.0.  “Total” fraction was 

prepared by adding 100,000 cpm/fragment of probe to 100 µl 10 mM Tris-HCl, 1 mM 

EDTA, pH 8.0.  Twenty µl of total, pellet and supernatant fractions were subjected to 

electrophoresis through 1% (w/v) agarose TAE gel.  After electrophoresis, the gel was 

soaked in 7% (w/v) TCA for 30 minutes and rinsed in distilled water.  The gel was 

dried and exposed to film or placed in a phosphoimager cassette. 

Nuclear matrix preparation (NaCl extraction) 

NaCl extraction was performed using the method of Cockerill and Garrard (1986).  All 

steps are performed at 4 o C except where indicated.  20 million nuclei were thawed on 

ice and washed in 10 ml RSBS (RSBS = 0.25M sucrose, 10 mM Tris-HCl, 10 mM 

NaCl, 4.2 mM MgCl2, 0.5 mM PMSF, 2.1 mg/ml aprotinin, pH 7.5).  The nuclei were 

centrifuged 10 minutes at 750xg.  The pellet was resuspended in 1ml RSBS.  CaCl2 

was added to a final concentration of 1 mM.  100 µg DNaseI was added and the nuclei 

incubated at room temperature for one hour.  One ml 2X NaCl buffer (4M NaCl, 

20mM Tris-HCl, 20 mM EDTA, 0.5mM PMSF, 2.1 µg/ml aprotinin, pH 7.5) was 

added dropwise with mixing.  The mixture was brought to 10 ml with 1X NaCl buffer 

and incubated for five minutes on ice.  The matrices were centrifuged at 1500xg for 10 

minutes.  The 2M NaCl extraction was repeated one time.  After final centrifugation, 

the supernatant was removed and the pellet was stored at –20 o C. 
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Polyacrylamide gel electrophoresis 

Electrophoresis through denaturing polyacrylamide gels was performed as per 

Sambrook et al. (1989).  Final acrylamide percentages are noted in figure legends.  

Running gels were made from 29% (w/v) acrylamide:1% (w/v) bisacrylamide stock 

diluted to the final concentration in 0.375 M Tris-HCl (pH 8.8), 0.1% SDS, and 

polymerized by the reaction of 0.1% (w/v) ammonium persulfate with TEMED.  

Stacking gels were made with 5% acrylamide/bisacrylamide (29 acrylamide: 1 

bisacrylamide stock) in 0.125 M Tris-HCl (pH6.8), 0.1% SDS, and polymerized by the 

reaction of 0.1% ammonium persulfate with TEMED. 

Scanning electron microscopy 

(Note:  Scanning electron microscopy was conducted by Dr Tuyen Nguyen.) 

Tobacco culture cell (NT1) nuclei, haloes, and matrices were prepared using the LIS 

extraction protocols as described above.  All fixation steps were performed at 4° C, 

except where indicated.  Samples (nuclei, nuclear haloes, or matrices) were 

centrifuged and the pellets were resuspended in 2 % glutaraldehyde in 0.1M sodium 

phosphate buffer (pH 7.2) and fixed for 30 minutes.  The suspensions were pulled 

down by vacuum filtration on to 0.45 µm Nucleopore filter membranes and washed 3 

times for 5 minutes per wash in 0.1 M sodium phosphate buffer.  After removal from 

filtering apparatus, the material was fixed for 5 minutes in 1% osmium tetroxide in 

0.1M sodium phosphate.  Filter membrane was removed from filtering apparatus and 

post-fixed in 1% osmium tetroxide in 0.1M sodium phosphate buffer for 5 minutes.  

Filters were again washed in 0.1M sodium phosphate buffer, 3 times for 5 minutes per 

wash.  Samples were dehydrated in an ethanol series: 30%,50%, 70%, 95%, and 100% 

(v/v).  The final ethanol wash was carried out at room temperature.  Samples were 
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critical point dried using liquid carbon dioxide for 5 minutes.  Samples were secured 

to stubs which had been prepared with Spot-o-glue and silver paint, sputter coated 

with 25-30 nm of Au/Pd, and examined in the Philipps 500 Scanning Electron 

Microscope at 10-15kV. 
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Results 

 

Exogenous binding assay 

The MAR located 3’ to the tobacco root specific RB7 gene (Allen et al., 1996; 

Conkling et al., 1990; Hall et al., 1991) has been the primary MAR sequence used in 

this work.  This MAR has been characterized as a strong MAR (Allen et al., 1996; 

Michalowski et al., 1999).  In tobacco cells this MAR has been shown to confer 

enhanced expression levels to transgene constructs flanked by this MAR, relative to 

transgenes without flanking MARs (Allen et al., 1996).  Similar results have been seen 

in other plant systems and also in animal systems, by researchers using a variety of 

MAR elements and a variety of transformation methods (Allen et al., 2000). 

 

To confirm that the plant matrices isolated in this work retain their functional capacity 

to bind to MAR DNA, matrices were routinely subjected to an exogenous binding 

assay, in which end labeled RB7 MAR was used as probe.  In figure 2-1, typical 

results of this assay are presented.  RB7 MAR DNA fractionates with matrices 

prepared either from wheat germ nuclei or from tobacco NT1 culture cell nuclei.  

Unbound (non-MAR) DNA is separated from matrix bound DNA by centrifugation.  

Vector DNA is included in the binding assays as a convenient negative control.  The 

vector DNA is not expected to associate strongly with the nuclear matrix, and indeed 

does not fractionate with the nuclear matrices after centrifugation.  The results in 

Figure 2-1 also support the hypothesis that MAR DNA interactions with the nuclear 

matrix are an evolutionarily conserved relationship.  The tobacco MAR binds 

similarly to matrices isolated from two dissimilar plant species.  Wheat is a 
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representative of the monocots, which includes many important crop plants, while 

tobacco is a member of the dicots.  These two classes of plants have significant 

differences in morphology.  However, at the nuclear level, it appears they rely on a 

similar mode of chromatin organization. 

 

Analysis of nuclear matrix preparation methods 

The primary nuclear matrix preparation used in this work employs lithium 

diiodosalicylate (LIS) as a chaotropic agent.  In previous studies, the concentration of 

LIS in the extraction buffers has ranged from as low as 10mM (Hall et al., 1991, 1994) 

up to 25mM (Mirkovitch et al, 1988).  Matrices isolated in this manner are similar, as 

judged by the binding of MAR DNA in exogenous binding assays (Hall et al., 1991; 

Avaramova and Bennetzen, 1993).  Based on the work of others, (Hall et al., 1991; 

Michalowski et al., 1999) 10mM LIS was used in the research reported here. 

 

In animal systems and yeast (Gasser and Laemmli; 1989; Neri et al., 1997) the use of 

stabilization steps has been suggested to give rise to possible artifactual associations of 

proteins with the nuclear matrix.  To address these concerns, matrices were prepared 

from tobacco culture cell nuclei with and without one or both of these stabilization 

steps.  Equal amounts of starting material were employed in each preparation to enable 

comparison of total protein recovered as well as the relative levels of individual 

protein bands.  As seen in Figure 2.3, these matrices are very similar in both total 

protein and in the amounts of individual proteins present.  Some important differences 

are apparent, however. 
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There is a clear difference in total protein and in histone protein between all matrix 

preparations compared to total nuclei.  Additionally, it can be seen that in LIS matrices 

where DNase I was substituted for restriction enzymes, histone proteins were removed 

with noticeably better efficiency.  This probably is due to better digestion of chromatin 

by DNase I, which has less selectivity for cut sites than the two restriction enzymes 

(EcoRI and HindIII) normally used to remove chromatin from the nuclei.  The effect 

of heat stabilization is most apparent in a pair of bands migrating at about 22 kDa.  

These bands are stronger in the heat stabilized samples (lanes 5 through 7) than in the 

non-heat stabilized samples (lanes 3 and 4).  In lane 3, matrices without either the 

copper or the heat stabilization show an increase in the abundance of a 10 kDa protein 

band.  Apparently this protein band is diminished by the stabilization steps. 

 

It should be noted that this gel has been silver stained, in contrast to the remaining 

protein gels in this work, which are stained with Coomassie Brilliant Blue.  The use of 

silver stain does stain some proteins significantly differently than Coomassie Brilliant 

Blue.  Histone proteins in particular show a large difference in staining patterns 

between the two types of stain (data not shown).  However, the use of silver stain in 

this experiment allowed visualization of significantly larger number of proteins than 

can be seen with Coomassie stain. 
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Comparison of LIS and NaCl matrix preparation methods 

Tobacco culture cell nuclei were subjected to the two most common matrix 

preparation protocols to analyze differences between the two methods.  Two sets of 

matrices were prepared using each technique, with small variations in each to test for 

effects of these changes.  Two sets of nuclei matrices were prepared using the NaCl 

protocol.  In one of these sets, the nuclei were heat treated at 42° C for 15 minutes, 

prior to DNase I digestion.  This treatment was done to examine whether the heat 

treatment done routinely in the LIS protocol would generate differences in the NaCl 

protocol.  Two sets of matrices were also prepared using the LIS protocol.  One set 

used the restriction enzymes most commonly employed in this work, EcoRI and 

HindIII.  The second set used an alternative set of restriction enzymes.  This second 

LIS preparation was done both to compare differences from experiment to experiment, 

as well as to analyze whether the choice of restriction enzymes affected the protein 

composition of the matrix.  Figure 2-3 displays the results of these preparations as 

analyzed on a SDS acrylamide gel.  (Note:  in lane 1, the brightness and contrast of the 

protein from “NaCl matrix/ no heat” was adjusted electronically using Adobe 

Photoshop.  Lane 2 through 6 present the proteins as seen on the original gel without 

modification.) 

 

As can be seen in most of the matrix preparations from tobacco done during the course 

of this work (additional data not shown), the most prominent matrix protein band 

migrates at an apparent molecular weight of approximately 52 kDa.  Most protein 

bands on this gel are similar regardless of the method of matrix extraction, with certain 

exceptions.  In the NaCl matrices with and without heat treatment, another strong band 
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migrating at approximately 35 kDa was seen.  This band is present in the matrices 

prepared by the standard LIS extraction protocols used in this work, but at much lower 

levels.  The identity of this band was not determined.  Importantly, there are also 

differences in the intensity of three bands migrating between 65 kDa and 75 kDa.  

Particularly in the matrices prepared by NaCl protocol with the additional heat shock 

step, the highest molecular weight band of this group is significantly reduced.  The 

difference in intensity is particularly interesting since these bands correspond to bands 

which will be shown to bind specifically to MAR DNA in a DNA protein blot binding 

assay later in this dissertation (Chapter 3). 

 

Other than these bands, the matrices prepared by the NaCl method or the LIS method 

are highly similar to each other.  There are additional small differences in the relative 

amounts of protein present in individual bands, but the same bands appear to be 

present in each preparation.  The small differences may be due to differences in 

protein solubility within the gel, a peculiar property of nuclear matrix proteins. 

 

Protein profiles of matrices prepared by identical protocols generally were highly 

repeatable.  In the course of this work numerous comparisons of separate matrix 

preparations revealed few prep-to prep differences (data not shown).  Differences 

occasionally seen between separate preparations could usually be explained by 

differences in the solubility of matrix protein within an SDS polyacrylamide gel.  

Matrix proteins solubilized in sample buffer commonly re-precipitate in the stacking 

gel.  At increased matrix protein concentrations, this re-precipitation causes significant 

problems in resolution of protein bands.  This problem limits the amount of protein 
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that can be loaded in a single lane of an SDS polyacrylamide gel.  Numerous attempts 

to prevent this re-precipitation were made during the course of this research, including 

the elimination of a stacking gel, the use of increased levels of SDS, the inclusion of 

urea, heat denaturation, and use of different disulfide bond reductants.  Combinations 

of these alternative treatments were also evaluated, where such combinations were 

compatible.  None of these changes significantly attenuated the re-precipitation 

difficulty encountered with matrix proteins.  When this re-precipitation does occur, it 

often caused significant smearing of protein bands.  The problem could be avoided by 

reducing the amount of protein loaded on a gel, though the reduced protein levels may 

have limited the data obtained in subsequent experimental treatments, including the 

DNA protein blotting binding assay. 

 

Comparison of tobacco and wheat matrices 

Matrices from both tobacco and wheat were compared to further examine common 

features of plant nuclear organization.  Figure 2-4 presents a comparison of the matrix 

proteins from tobacco and wheat nuclei.  For this figure, both wheat and tobacco 

matrices were prepared by LIS method.  Both plant matrices contain dozens of protein 

bands that can be resolved under these gel conditions.  At this time, it would be 

difficult to identify most of the proteins seen in these two sets of matrices.  However, 

it is likely that similar sized bands represent common proteins.  Three strong bands 

can be seen at approximately 70 kDa molecular weight.  In chapter 3, these strong 

bands from both wheat and tobacco will be shown to bind to MAR DNA in a 

southwestern binding assay, suggesting that the three bands represent a similar set of 

proteins. 
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The strongest protein band seen in these matrix preparations is at approximately 55 

kDa in wheat germ and at approximately 52 kDa in tobacco.  These proteins did not 

bind to MAR or non-MAR DNA in southwestern binding assays.  The size of this 

protein (or proteins) is different from any other identified plant matrix proteins.  

Though this protein was not further characterized in this work, the abundance of the 

protein does make it an interesting target for future study. 

 

Comparison of the wheat germ histones to the matrices from wheat germ demonstrates 

the substantial removal of the histones.  A similar conclusion can be drawn with the 

tobacco matrices seen in Figure 2-2, though the tobacco histone preparation used in 

this figure is of lower purity than the wheat histones seen in Figure 2-4.  Note also that 

the silver stain used in Figure 2-2 does not stain all proteins equally, particularly the 

highly charged histone proteins (Irie and Sezaki, 1983). 

 

Microscopic analysis of tobacco nuclear preparations 

(Note:  This work was done in collaboration with Drs. Tuyen Nguyen [scanning 

electron microscopy] and Bekir Ülker [light microscopy].) 

 

Tobacco nuclear preparations were subjected to microscopic analysis.  Nuclei from 

three stages of the matrix isolation protocol were analyzed for differences in 

morphology as the nuclei progressed through the protocol. Figure 2-5 presents a 

compilation of images for comparison of nuclei at the same stage by different 

microscopic techniques.  In the first row are images of isolated nuclei.  In the second 
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row are nuclear “halos,” the structure that results from treatment of nuclei with the 

chaotropic agent LIS, prior to removal of nuclear DNA by endonuclease treatment.  In 

the third row are images of the final product of the nuclear matrix extraction. 

 

For light microscopy, tobacco NT1 culture cells were placed on glass slides and 

visualized using differential interference optics (column 1) and fluorescence (column 

2).  The first two columns examine the same untreated nucleus, nuclear halo, and 

nuclear matrix by these two microscopic techniques. The third column shows 

specimens prepared separately using the same protocol as used for the samples in the 

first two columns.  These samples were viewed by the scanning electron microscope.   
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Discussion 

 

The cell nucleus is one of the best known but least understood of cellular organelles.  

Better understanding of the structural organization and identification and 

characterization of the protein composition of the nucleus will likely provide 

important insights into the regulation of nuclear functions.  Few studies regarding the 

composition the plant nuclear matrix have been reported.  To increase our 

understanding of the plant nuclear matrix, a biochemical and morphological 

examination of the plant nuclear matrix has been conducted. 

 

The protein profile of plant matrices is highly complex, similar to the complexity seen 

in non-plant systems (Belgrader et al., 1991; Cardenas et al., 1990; Stuurman et al., 

1990).  Dozens of protein bands can be visualized on SDS acrylamide gels, as seen in 

Figures 2-2, 2-3, and 2-4.  Few comparative analyses of protein profiles between 

matrix preparation techniques or between cell types have been reported. 

 

It has been shown in some organisms that the inclusion of “stabilization” steps is 

essential to the recovery of the majority of matrix protein.  In experiments done in 

yeast, the “stabilization” steps were a brief incubation of the nuclei at elevated 

temperature (37oC in this example) in the presence of 1 mM copper.  These 

experiments employed a LIS extraction protocol, and similar effects were seen in both 

metabolically active and stationary yeast cells.  The stabilization of yeast matrices was 

shown by immunoblotting to specifically affect the levels of proteins normally found 

in matrix fractions, such as topoisomerase II and RNA Polymerase II.  However, the 



 

 56 

stabilization effect was not general, since nuclear proteins normally seen at low levels 

in matrix preparations were not increased in abundance in stabilized matrices 

(Cardenas et al., 1990). 

 

A more limited comparison of the effects of stabilization was conducted in HeLa cell 

nuclei.  A small reduction in total matrix protein was seen when the heat stabilization 

step was omitted.  However, this study did not employ copper as part of the 

stabilization.  This result suggests that the stabilization steps are not critical for matrix 

preparation in a human cell line, but the study is far from conclusive, due to the 

limited scope of the experiments (Belgrader et al., 1991).  A similar study in human 

erythroleukemia nuclei and matrices demonstrated little effect on total matrix protein 

recovered using the LIS preparation protocol, whether stabilization steps of 37 o C, 42 

o C or copper treatment were employed.  Immunoblot analysis indicated that the 

proteins were present in matrices prepared with or without stabilization.  However, 

this study demonstrated that stabilization protocols caused changes in nuclear location 

of two of the four nuclear matrix proteins examined by immunofluorescence 

microscopy (Neri et al., 1997).   

 

Figure 2-2 presents results of experiments testing the effects of stabilizing protocols 

on plant matrices prepared from tobacco NT1 culture cell nuclei.  Equivalent amounts 

of nuclei, isolated in the same preparation, were used for this experiment.  Nuclei and 

matrices were separated by electrophoresis through a 0.1% SDS 15% acrylamide gel, 

and visualized with silver nitrate stain.  Equivalent amounts of material were loaded 

based on number of nuclei at the beginning of the preparations.  Clear differences in 
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specific protein bands between total nuclei and matrices can be seen.  However, the 

effects of stabilization are minor.  Neither heat alone, copper alone, or copper with 

heat significantly affect the amount of total matrix protein. 

 

Figure 2-3 shows a comparison of matrices prepared by each of the two most common 

protocols.  Matrices were prepared using the NaCl extraction protocol (Cockerill and 

Garrard, 1986).  A second set of matrices were prepared with the same protocol except 

that a heat stabilization step was added.  Two additional sets of matrices were prepared 

using the LIS protocol, with only the choice of restriction enzymes varied between the 

two preparations.  The results of this experiment demonstrate that matrices prepared 

by the LIS extraction protocol are very similar to matrices prepared by the NaCl 

extraction protocol.   

 

The association of MAR DNA with nuclear matrices has been shown to be conserved 

across diverse species (Hall et al., 1991; Iglesias et al., 1997; von Kries et al., 1991; 

Figure 2-1 above).  Accordingly, we would expect to see similar proteins to be present 

of matrices prepared from different species.  Figure 2-4 shows the protein profiles of 

matrices prepared from either tobacco cells or from wheat germ, using the LIS 

protocol.  Although we do not have sufficient information regarding the identity of 

specific proteins in these two cell types, it appears that the protein profiles are quite 

similar.  A group of three bands near 70 kDa is seen in each of these matrix 

preparations.  These bands are particularly interesting, since they appear to migrate at 

the same molecular weight as MAR binding proteins seen in Chapter 3. 
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Analysis of the morphology of nuclear matrices has been conducted to confirm that 

the matrix proteins prepared for electrophoretic analysis represent stable nuclear 

matrix structures.  This experiment was conducted with tobacco culture cell nuclei, 

and the matrices were prepared using the LIS protocol.  Nuclei were examined by 

three microscopic techniques, each allowing evaluation of different aspects of the 

morphology of the structures generated by nuclear matrix preparation.  The nuclei 

were examined at three important stages of the matrix preparation protocol: isolated 

nuclei, nuclei after LIS extraction (nuclear halos), and the matrices after nuclease 

treatment. 

 

Column 1 of Figure 2-5 presents differential interference contrast images of the nuclei 

and residual structures.  These images allow visualization of the three dimensional 

appearance of nuclei, halos and matrices.  In the second column fluorescent images of 

the same material in the first column are shown.  The nuclei, halos and matrices have 

been stained with ethidium bromide, allowing visualization of the nucleic acid 

retained in each of the samples.  The images in these columns illustrate that the matrix 

preparation preserves the physical structure of the nucleus.  The fluorescent images 

show that DNA becomes less constrained after LIS extraction, and that some DNA 

remains in the matrix after digestion by restriction enzymes.  In the third column, 

similar structures are seen in much greater detail using scanning electron microscopy.  

The SEM images vividly demonstrate the nature of the structures generated by the 

nuclear matrix preparation.  The halo image demonstrates the release of DNA from 

nucleosomes, and the final matrix image demonstrates the fibrous nature of the nuclear 

matrix.  Together these images demonstrate that the matrix proteins prepared for 
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analysis in this work accurately represent a residual nuclear structure, morphologically 

consistent with the hypothesis that the matrix is an organizational component of the 

nucleus. 
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Figure 2-1.  RB7-6 binding is conserved between a monocot and dicot plant.  The
tobacco RB7-6  MAR was used as probe in the exogenous binding assay to compare
binding between matrices prepared by LIS method from wheat germ nuclei and from
tobacco NT1 cell culture nuclei.   The tobacco MAR binds to both sets of matrices,
and can be found in the matrices pellet after centrifugation,  while the non-MAR
vector DNA does not bind to matrices, and remains in the supernatant.
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Figure 2-2.  Analysis of protein composition of nuclear matrices with and without
stabilization.  Tobacco culture cell nuclei were subjected to the LIS nuclear
matrix isolation protocol, with the modifications noted above.  Equal numbers of
nuclei were used in each preparation and equal proportions were separated by
electrophoresis through SDS - 15% acrylamide.  The gel was silver stained and
scanned.   For preparations without heat stabilization, the nuclei were kept at
room temperature for an equivalent time period.
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Figure 2-3.  Comparison of matrices using different extraction methods.  Matrices
prepared using NaCl extraction and DNase I (lane 1, 2 and 3) with or without a heat
treatment are compared to matrices prepared with LIS and two different sets of
restriction enzymes (lane 4 and 5).  Lane 1 is identical to lane 2, except for electronic
adjustment to brightness and contrast to compensate for differences in total protein
loaded on the gel.  Matrices were solubilized with SDS and separated by
electrophoresis through an SDS polyacrylamide (10%) gel, then stained with
Coomassie blue.
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Figure 2-4.  Gel comparison of wheat matrices and tobacco matrices.  Wheat germ
and tobacco NT1 culture cell nuclei were extracted using the LIS procedure to isolate
matrix fractions.  Proteins were separated by electrophoresis through an SDS
acrylamide ( 8% ) gel.  Purified wheat germ histones are included to illustrate the
position of histone protein bands, emphasizing the depletion of histones from the
matrix.
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Figure 2-5.  Microscopic analysis of tobacco nuclei, halos and matrices.  Tobacco NT1 
culture cell nuclei were either photographed intact, extracted with LIS to form halos, 
or extracted with LIS and digested with restriction enzymes to form matrices.  
Specimens in columns 1 and 2 were stained with  ethidium bromide, and 
photographed using differential interference optics (column 1) or fluorescence 
(column 2).  Similarly extracted nuclei, halos and matrices were examined by 
scanning electron microscopy.  (The scale bars are 10 micron) 
 


