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GLYCOPROTEINS ASSOCIATED WITH NUCLEAR MATRICES 
FROM HAMSTER, CHICKEN AND FROG LIVER CELLS: 

DETECTION AND CHARACTERIZATION

N uclear m atrices glycoproteins from  ham ster, chicken and frog liver cells were 
studied. O ur results show the sim ilarity in the profiles o f liver nuclear m atrices 
glycoproteins recognized by concanavalin A (ConA) o f the exam ined anim al species 
in con trary  to  the ones obtained after staining with Galanthus nivalis agglutinin 
(G N A ). It may reflect the differences in the structure o f  oligosaccharide chains o f 
some liver nuclear m atrices glycoproteins from  ham ster, chicken and frog.

IN T R O D U C T IO N

Glycosylation is one o f the m ajor naturally occurring m odifications of 
nuclear proteins covalent structure [17, 18, 20, 22, 31, 39], A num ber of 
nuclear proteins such as nuclear pore complex proteins (designated nuc- 
leoporins) [31], R N A  polymerase II [25] and some transcription factors [7, 
23] were glycosylated in an  unconventional way. They contained single 
A-acetylglucosam ine (GlcAAc) residues attached by 0 -linkage directly to 
serine and threonine residues at m ultiple sites. The specific functions of
O-G lcAAcylation have not been elucidated. O -G lcA Acylation has been 
postulated to play a role in m ediating assembly o f m ultim eric protein 
complexes, in targeting proteins from the cytoplasm into the nucleus, in 
reversibly blocking sites o f phosphorylation on serine or threonine residues 
o f protein, in nucleus-cytoplasmic exchanges and in transcriptional regulation 
[16, 19, 20]. O-GlcAAcylation appears to be highly dynam ic in a m anner 
similar to  protein phosphorylation [15, 20], T he GlcTVAc levels are regulated 
by the interplay o f GlcAAc transferase(s) and specific iV-acetyl-//-L)-gluco- 
saminidase(s) [8, 13, 14]. The GlcAAc transferase from rat liver cytosol 
capable o f adding GlcAAc to serine and threonine residues o f protein 
and a neu tra l soluble A,-acetyl-/i-D -glucosam inidase from  ra t spleen



cytosol, which was highly efficient a t removing GlciVAc have been purified 
and characterized [8, 13, 14].

jV-glycosylated proteins, in which oligosaccharides are attached to 
asparagine residues, have been identified as nuclear com ponents not only 
in the nuclear envelope [3, 12, 40, 41], euchrom atin fraction [24] but also 
in the nuclear m atrix  [4, 5, 10, 11, 29, 34], The im portance o f A/-bound 
oligosaccharide chains of nuclear m atrix  proteins for this structure was 
indicated by the results o f the enzymatic deglycosylation experiments which 
showed solubilization of a significant fraction of m atrix proteins (25% ) on 
treatm ent of the m atrix  with N-glycosidase F [11]. Thus, it can be suggested 
th a t carbohydrate-protein interactions are additional factors, apart from 
disulfide cross-linkages, responsible for stabilization o f the native nuclear 
m atrix  structure. The glycosylated IIM G 14 and 17 proteins belonging to 
high m obility  group o f nonhistone proteins bind preferentially to  the 
nuclear protein m atrix of m am m alian cells [32], Furtherm ore, this association 
appears to be mediated by the glycosyl chains since enzymatic removal of 
these m odifications from the lIM G s greatly reduced their binding to the 
nuclear m atrix. It is tem pting to suggest that this carbohydrate m odification 
o f H M G  proteins m ay have functional significance for the architectural 
organization o f the active dom ains of chrom atin in cells.

The m ain aim o f the present study was the detection and characterization 
o f glycoproteins originating from liver nuclear m atrices of the three anim al 
species, i.e., ham ster, chicken and frog.

M A TE R IA L S AND M E T H O D S

Tissues

Liver o f three anim al species: ham ster (Mesocricetus auratus), chicken 
(Gallus sp.) and frog (Rana esculenta) were used for experiments.

Preparation o f liver nuclei

All prepared solutions were used at 4°C. Liver nuclei from  examined 
anim al species were isolated by a modified sucrose m ethod [6]. The tissue 
was hom ogenized in the proportions o f 1 g to 10 ml o f  0.25 M sucrose, 
5 mM  M gC l2, and 0.8 mM  K H 2P 0 4 at pH 6.7, filtered through four layers 
o f gauze and spun down at 800xg for 7 min. The pellet was resuspended



in the above solution and T riton  X-100 was added to  a final concentration 
o f 0.5% and then the suspension was homogenized again and centrifuged 
a t 800xg for 7 min. The crude nuclear pellet was suspended in 10 vol
2.2 M sucrose, 5 mM M gC l2 and centrifuged at 40,000xg for 45 m in. The 
purity and integrity o f the nuclei were checked by light m icroscopy.

Nuclear matrix isolation

Carefully purified nuclei from the above m entioned species (2-2.5 m g 
D N A /m l) were suspended in 0.25 M sucrose, 5 m M  M gC l2, 1 m M  PM SF, 
5 mM Tris-H Cl buffer (pH 7.4) and digested by endogenous nucleases for 
45 m in at 37°C. T he suspension was spun down at 7700xg for 15 m in to 
separate nuclease-released products (N RP). The pellet was extracted three 
times with LS buffer: 0.2 mM  M gC l2, 1 mM PM SF, 10 mM Tris-H Cl 
(pH 7.4) and three times with IIS  buffer: 2 M N aCl, 0.2 m M  M gC l2, 
1 mM  PM SF, 10 mM  Tris-H Cl (pH 7.4) at 4°C. The residual pellet was 
washed twice with LS buffer yielding nuclear m atrices. C entrifugations were 
a t 2000xg for 15 min during initial LS buffer extractions and at 7700xg 
for 15 m in for all subsequent extractions [33, 37],

SDS-PAGE of proteins

F o r sodium dodecyl sulphate-polyacrylam ide gel electrophoresis (SDS- 
-PA G E), nuclear matrices samples were mixed with 0.9 vol o f solubilizing 
buffer (20% glycerol, 4%  sodium dodecyl sulphate /SD S/, 25 fig pyroni- 
neY/ml, 0.125 M Tris-H Cl buffer, pH 6.8) and 0.1 vol o f 2-m ercaptoethanol, 
and then heated in a boiling water bath for 5 m in. One-dimensional 
electrophoresis was perform ed in slab polyacrylam ide gels containing 0.1% 
SDS and 8% acrylamide (pH 8.8) with 3% stacking gel (pH 6.8) according 
to  L a e m m  1 i [28] at 25 m A /slab gel until the pyronine Y m arker reached 
the end o f the stacking gel, and then at 35 m A /slab in the resolving gel 
until the m arker dye reached the bottom  o f the gel. T he gel slabs were 
stained with Coom assie brilliant blue R-250 according to F a i r b a n k s  et 
al. [9], Excess o f stain was removed with 10% acetic acid containing 5% 
m ethanol. M olecular masses of protein bands were calculated by com parison 
with the standard proteins: m yosin (205 kDa), //-galactosidase (116 kD a), 
phosphorylase b (97 kDa), bovine serum album in (66 kD a), ovalbum in 
(45 kD a) and carbonic anhydrase (29 kD a) (Sigma, St Louis, M issouri, 
U.S.A.).



Transfer of proteins from SDS gels

Proteins separated in SDS-polyacrylamide slab gels were transferred 
onto  Im m obilon-P transfer m em brane (pore size 0.45 /¿m) by electrophoretic 
blotting in 20%  m ethanol, 192 mM glycine, 25 m M  Tris (pH 8.3) for 15 h 
at 60V and 4°C [36]. Proteins immobilized on transfer m em branes were 
stained by a 5 min incubation at room  tem perature with 0.2% Ponccau S 
in 3% acetic acid, followed by destaining in H 20  until the protein bands 
were visible, in order to control the efficiency of blotting and to  m ark the 
location o f standard proteins. The Ponceau S staining o f the protein bands 
disappeared during subsequent incubation o f the m em brane in the blocking 
solution.

Detection of lectin-binding glycoproteins

The detection of lectin-binding glycoproteins immobilized on Im m obilon-P 
sheets was accomplished by the m ethod o f H a s e l b e c k  et al. [21]. The 
m em branes were treated for 30 min at room  tem perature with 20 ml 0.5% 
blocking reagent (w/v) in Tris buffered saline (TBS: 50 m M  Tris-H Cl, 
150m M  N aCl, pH 7.5), and were washed twice with TBS and once with 
buffer one consisting o f TBS, 1 m M  M nC l2, 1 mM M gC l2, 1 m M  C aC l2, 
at pH 7.5 (50 ml each). The m em branes were incubated for 1 h at room  
tem perature with the lectin-digoxigenin (D IG ) conjugate (G N A , Galanthus 
nivalis agglutinin, 1 pg/ml; ConA, C oncanavalin A, 10 /¿g/ml) in 20 ml of 
buffer one.

Then, the m em branes were washed three times with 50 ml TBS, and 
polyclonal sheep anti-digoxigenin F ab  fragm ents conjugated with alkaline 
phosphatase (anti-D IG  A P, 750 U/m l) were added in a 1:1,000 dilution in 
20 ml TBS and incubated for 1 h at room  tem perature. The m em branes 
were again washed three times with 50 ml TBS and the alkaline phosphatase 
reaction was carried out by incubating the m em brane w ithout shaking in 
20 ml o f the following freshly prepared solution: 75 ¡A 5-brom o-4-chloro-3- 
-indolyl phosphate 4-toluidine salt (BCIP 50 m g/ml, in dim ethylform am ide) 
and 100 /¿I 4-nitro blue tetrazolium  chloride (NBT 75 m g/m l, in 70% 
dim ethylform am ide) in 20 ml of buffer two (100 mM  Tris-H Cl, 50 mM 
M gC l2, 100 mM NaCl at pH 9.5). The reaction was com pleted within a few 
m inutes. The m em branes were raised with H 20  to stop the reaction and 
allowed to  dry.



Analytical procedures

Protein was estimated using bovine serum album in as a standard  by 
the m ethod o f L o w r y  et al. [30]. D N A  concentration was determ ined 
from  the absorbance at 260 nm (1 m g D N A /m l corresponds to 20 O .D. 
units) o f samples dissolved in 5 M ultra-pure urea.

Reagents

Digoxigenin-labelled lectins, blocking reagent and polyclonal sheep anti- 
-digoxigenin F ab  fragm ents conjugated with alkaline phosphatase, used for 
the detection and characterization o f glycoproteins, were obtained from 
Boehringer M annheim , Germ any. For blotting the Im m obilon-P transfer 
m em brane (pore size 0.45 /im) obtained from  M illipore C orpora tion , 
Bedford, M assachusetts, U.S.A., was used. O ther chemicals were o f the 
highest available purity and were from Sigma, St Louis, M issouri, U.S.A.

R E SU L T S AND D ISC U SSIO N

T he nuclear m atrix  is operationally defined as the residual nuclear 
structure tha t is yielded by sequential treatm ent o f isolated nuclei with 
detergents, nucleases and buffers o f high ionic strength (for reviews see [1, 
2, 26, 27]). The isolated nuclear m atrix is composed of three m ajor electron 
microscopically identifiable structural dom ains, namely: the surrounding 
pore com plex-lamina, residual nucleoli and an internal fibrogranular m atrix. 
T he nuclear m atrix represents the three-dimensional fibrillar protein structure 
constituting the fram ework o f the interphase nucleus. In addition to  its role 
in m aintaining the nuclear architecture and the higher order structure of 
chrom atin , the nuclear m atrix  has been reported as being involved in 
various nuclear activities such as D N A  replication, D N A  transcription, 
R N A  processing and steroid-horm one action [1, 26, 38], It was stated that 
some nuclear m atrix  proteins are cell-, tissue-, differentiation- and tum or- 
specific [2, 35], M oreover, evidence was dem onstrated for the presence of 
a com m on set of polypeptides in the nuclear matrices o f  various cell types 
[1, 2]. A lthough the presence of glycoproteins associated with the nuclear 
m atrix  was described by m any authors [4, 5, 10, 11, 29, 34], until now 
their characterization from nuclear m atrices of different anim al species has 
been very limited.



The present study concerns the JV-glycosylated proteins recognized by 
C onA  and G N A  from liver nuclear matrices of three anim al species, i.e., 
ham ster, chicken and frog. Nuclei from liver cells of these vertebrates were 
carefully isolated and checked for integrity and purity by observation with 
light m icroscopy. Liver nuclear m atrices from the purified nuclei o f the 
examined species were obtained by the technique developed in Bcrezney’s 
laboratory [33, 37], Nuclear matrix proteins were separated by one-dimensional 
electrophoresis perform ed in .slab polyacrylamide gels containing 0.1% SDS 
and 8% acrylam ide (pH 8.8) with 3% stacking gel (pH 6.8) according to 
L a e m m l i  [28], Typical polypeptide profiles of liver nuclear m atrices of 
the examined animal species obtained by staining with Coom assie brilliant 
blue R-250 are shown in Fig. 1. The proteins of whole nuclear m atrices 
separated by SDS-polyacrylamide slab gel electrophoresis (Fig. 1) were 
transferred onto Im m obilon-P m em brane and tested for D IG -C onA  and 
D IG -G N A  binding (see M aterials and M ethods). The effects o f these 
experim ents are dem onstrated in Fig. 2. The resulting patterns shown in 
Fig. 2A allow to com pare the nuclear matrices glycoproteins recognized by 
ConA from liver of ham ster, chicken and frog. The detailed analysis o f all 
separations indicated the similarity in the profiles of the m ain glycoprotcins. 
However, the lim itation which was given by used system o f electrophoresis 
m akes impossible the com parison o f glycoproteins existing as m inor com 
ponents.

It is rem arkable, that the patterns of liver nuclear m atrices glycoproteins 
recognized by ConA of examined species differed significantly from  those 
obtained after staining with G N A  -  a lectin specific for term inal bound 
m annoses (a l-2 , 1-3, 1-6 to m annose) (Fig. 2B). A t least six glycoproteins 
o f nuclear m atrix o f ham ster liver stained by ConA were recognized also 
by G N A . It was observed that G N A  reacts strongly with glycoproteins 
with m olecular mass to  about 180 and 46 kD a. In the case on nuclear 
m atrix  glycoproteins of chicken liver seven o f them  occurring between 46 
and 158 kD a were stained with G N A  as well as with ConA. F rom  six 
glycoproteins o f nuclear m atrix  from frog liver the m ajor G N A  binding 
protein has an approxim ate m olecular m ass o f 60/62 kD a.

The results presented in this study indicate that the differences between 
glycoproteins associated with nuclear m atrices o f the three anim al species 
m ay be attributed to  a different level of their glycosylation. It is possible 
tha t the differences in the structure o f oligosaccharide chains o f nuclear 
m atrices glycoproteins from different animal species m ay affect diversity of 
their function.
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Fig. 1. SD S-PA G E  o f  iiver nuclear m atrices p ro teins from  ham ste (1), 
chicken (2) and frog  (3) on 8%  acrylam ide slab gel. A rrow s indicate 
the positions o f m arker p ro teins o f 205, 116, 97, 66, 45 and 29 k D a  
from  to p  to  bo ttom . Gel was stained with Coom assie brilliant blue 

R-250. A b o u t 50 ¿ig p ro teins were applied per gel

1 2  3 1 2  3
Fig. 2. Liver nuclear m atrices p ro teins from  ham ster (1), chicken
(2) and frog  (3) electrophoresed on 8%  acrylam ide slab gel were 
transferred to  Im m obilon-P  m em branes an d  tested for D IG -C onA

(A) and D IG -G N A  (B) b inding
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G L IK O PR O T E IN Y  Z A SO C JO W A N E  Z  M A TR IK S JĄ D R O W Ą  
K O M Ó R E K  W ĄTROBY C H O M IK A , KURY I ŻABY: 

ID EN TY FIK A C JA  I CHARAKTERYSTYKA

B adano glikoproteiny m atriks jądrow ej w ątroby chom ika, kury  i żaby. Nasze wyniki 
wykazują podobieństw o wykresów glikoprotein rozpoznaw anych przez konkanaw alinę A (ConA ) 
m atrik s jądrow ej w ątroby  badanych gatunków  zw ierząt w przeciw ieństw ie do  w ykresów  
glikoprotein otrzym anych po zastosow aniu lektyny z Galanthus nivalis (G N A ). M oże to 
odzw ierciedlać różnice w struk tu rze  łańcucha oligosacharydow ego pew nych g likopro te in  
m atrik s jądrow ej w ątroby chom ika, kury  i żaby.


