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■ Summary Background Eukary-
otic cells of higher organisms are
able to regulate gene transcription
in response to changes in the sup-
ply of nutrients. In hepatocytes, ex-
tracellular glucose levels affect

Received: 5 June 2001
Accepted: 1 Oktober 2001

Dr. H. Baumeister (�)
Nemod GmbH
Robert-Rössle-Str. 10
13125 Berlin, Germany
Tel.: +49-30/9 41 08 42 07
Fax: +49-30/9 41 08 41 88
E-Mail: hans.baumeister@nemod.com

H. Baumeister · M. Schärfke · W. Meyerhof
Abteilung Molekulare Genetik
Deutsches Institut für Ernährungs-
forschung

W. Meyerhof
Institut für Ernährungswissenschaft
Universität Potsdam
Arthur-Scheunert-Allee 114–116
14558 Potsdam-Rehbrücke, Germany

S. Haebel
Zentrum für Biopolymere
Universität Potsdam
Am Neuen Palais 10
14469 Potsdam, Germany

transcription of genes that encode
enzymes engaged in glycolysis, glu-
coneogenesis and lipogenesis.
While glucose response elements
have been located within a few
model gene promoters, the identity
of glucose-sensing transcription
factors and the mechanisms of
their activation remain to be eluci-
dated. Aim of the study We in-
tended to establish a two-dimen-
sional map of nuclear proteins as a
reference for identification of nu-
trient-regulated transcription fac-
tors. Methods Human hepatoma
HepG2 cells were used for the
preparation of nuclear extracts.
150–200 µg of the protein mixture
were analyzed by 2-dimensional gel
electrophoresis (2-DE) and silver-
stained protein spots were identi-
fied by MALDI-TOF mass spec-
trometry. Results Nuclear extracts
capable of transcriptional initia-
tion and elongation and containing
low amounts of cytoplasmic conta-
minations were prepared. 543 spots
between 17 and 100 kDa and pI 3.7
and 8.8 have been resolved. From
these, 65 spots were analyzed by

MALDI-TOF mass spectrometry
and 53 spots were identified as
known proteins of which six repre-
sented transcription factors. Regu-
lation by glucose was shown for the
activator protein-1 component
cJun. Since cJun was not visible on
the silver stained 2-DE gel, western
blotting of 1-DE gels and immuno-
logical detection had to be used in
this case. The data were used to
construct an online database. Con-
clusions A 2-DE map and database
of soluble nuclear proteins is pre-
sented. The identification of several
transcription factors was possible
on the silver-stained gels. However,
further fractionation of the nuclear
extracts will facilitate the detection
of larger numbers of transcrip-
tional regulators. The database and
2-DE map shown here may provide
a useful reference for the identifi-
cation of transcription factors from
liver nuclei that are activated by
different stimuli, e. g., nutrients.

■ Key words HepG2 cells –
Nuclear extract – Transcription –
Mass spectrometry – Proteomics

Introduction

Higher organisms adapt their cellular metabolism to the
availability of nutrient substrates. This ability is con-
ferred by extracellular signals including circulating hor-
mones and nutrients themselves. Short-term regulation

involves the change of catalytic activities, while long-
term regulation involves changes in gene expression and
synthesis of enzymes that are responsible for the cellu-
lar nutrient turnover [1].For example, it has been shown
in vitro and in vivo that high levels of glucose activate
genes for enzymes that regulate glycolysis and lipogen-
esis, but decrease the mRNA levels for gluconeogenetic
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enzymes in hepatocytes [2–4]. The molecular mecha-
nisms that underlie the glucose-regulated transcription
remain to be elucidated [5]. DNA elements that are able
to transfer the glucose-sensitivity to heterologous pro-
moters have been identified in several genes. Although
transcription factors that bind to these elements have
been identified [5–7], their actions are not sufficient to
mediate the effect of glucose on gene expression, indi-
cating that additional factors must exist [5–7].

Inducible transcription factors are usually activated
by post-translational modifications, including protein
phosphorylation/dephosphorylation [8], glycosylation
[9], translocation into the nucleus as a result of ligand
binding [10] or loss/change of binding partners [11] and
proteolytic cleavage [12]. In the past, analyses of nutri-
ent-inducible regulatory nuclear proteins were usually
either restricted to selected model proteins (for an ex-
ample see [7]) or relied on molecular biological meth-
ods, such as differential display RT-PCR [13] or subtrac-
tive hybridization [14]. However, a systematic approach
to identify inducible transcription factors at the protein
level has not yet been described.

Two-dimensional gel electrophoresis (2-DE) is the
method of choice to resolve complex mixtures of pro-
teins and also for the separation of proteins that differ
by post-translational modifications [15]. Thus, 2-DE of-
fers the opportunity to identify inducible regulatory
proteins by comparisons of nuclear extracts from cells
that have been previously challenged by variations in
nutrient supply. The establishment of a precise 2-DE
map of proteins that serves as a reference is an essential
prerequisite for this purpose.

The combination of 2-DE and highly sensitive ana-
lytical methods, such as immunoblotting and peptide-
mass fingerprinting [16], improved the identification of
protein spots from 2-DE gels. Consequently, proteome
analyses of selected model organisms have been estab-
lished. The IPG-DALT technique (2-DE with immobi-
lized pH gradients in the first dimension; [17]) signifi-
cantly increased the reproducibility of 2-DE gels from
independent research groups and greatly facilitated the
establishment of online 2-DE databases. To date, the
databases contain only partial proteomes of a number of
organisms displayed on 2-DE gel images derived from
tissues or cell lines (for an index of these databases see
http://www.lmnb.ncifcrf.gov/EP/table2Ddatabases.html).

A drawback of the current databases stems from the
fact that protein extracts from whole cells or tissues are
commonly being used as starting material for 2-DE.This
protocol does not allow the identification of many pro-
teins from cell organelles because they represent only a
minor proportion of the total cellular protein. It is there-
fore important to establish 2-DE maps of proteins de-
rived from cell organelles. To date only a limited number
of 2-DE maps from nuclear proteins is available despite
the great importance of this organelle [18–21] and only

one on-line 2-DE database of nuclear proteins exists
(http://www.expasy.ch/cgi-bin/ch2d-compute-
map?NUCLEI_LIVER).

In this article the construction of an online 2-DE
database is presented for proteins from transcription-
ally active nuclear extracts of HepG2 cells, a human he-
patoma cell line. HepG2 cells have been chosen because
they serve as a model to investigate the regulation of he-
patic gene expression by nutrients [22]. The database is
a necessary prerequisite for the identification of tran-
scription factors activated by nutrients.

Results

■ Preparation of nuclear extracts

A critical step in the construction of 2-DE databases
from subcellular extracts is the purity of the compart-
ment of interest. Therefore, we selected a method based
on vigorous removal of cytoplasmic materials by shear-
ing forces and subsequent isolation of the nuclei by den-
sity centrifugation. If isolated by this procedure and vi-
sualized by phase contrast microscopy, nuclei appeared
to be largely free from cytoplasmic contaminants
(Fig. 1). To prove the presence of transcription factors in
our extract, we analyzed its transcriptional activity. A
plasmid carrying a G-free cassette under the control of
the adenovirus major late promoter [23] was incubated
in the presence of nuclear extract and in the absence of

Fig. 1 Purification of HepG2 cell nuclei. The phase contrast micrographs show
HepG2 cells following homogenization by a motor-driven potter (A) and nuclei af-
ter the first ultracentrifugation (B).
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GTP. Under these conditions, transcription begins at the
initiation site and terminates at the first cytidine nu-
cleotide of the template DNA strand located 390 nu-
cleotides further downstream. Fig. 2 shows a sharp band
of the predicted size of 390 nucleotides on the gel image
that indicates correct transcriptional initiation and
elongation. The HepG2 nuclear extracts contain there-
fore all factors required for the highly complex processes
of specific transcriptional initiation and elongation.

■ Two-dimensional gel electrophoresis 
and spot identification

The nuclear extracts gave rise to 543 protein spots fol-
lowing separation on the 2-DE gels and silver-staining
(Fig. 3). The spots covered a molecular weight region
from 17 to 100 kDa and a pI range from 3.7 to 8.8. Sixty-
five spots of varying staining intensities and extent of
separation from neighboring spots were chosen and, af-
ter tryptic digest in the gel matrix, submitted to MALDI-
TOF mass spectrometry. The peptide masses obtained
were used to search the non-redundant trEMBL and
SwissProt databases resulting in the identification of 53
spots corresponding to 39 different proteins (Table 1).
The difference is explained by the fact that some pro-
teins gave rise to several spots on the 2-DE gels. The re-
maining 12 spots also resulted in high quality peptide
fingerprints (Fig. 4). However, the Peptide Search algo-
rithm failed to identify corresponding proteins in the
databases.

Six of the 38 identified proteins represented tran-
scriptional regulators. The first, ZFM1 (spot 56), is a zinc
finger protein derived from a gene that is probably re-
sponsible for multiple endocrine neoplasia type 1 [24].
The second is α-CBP1 (spot 296),a protein that regulates
transcription by binding to the canonical CCAAT-box

[25]. Finally, we identified FBP (far upstream element
(FUSE)-binding protein, spots 83, 84). FBP regulates c-
myc expression, is induced during apoptosis and has
been implicated in cellular proliferation and differenti-
ation [26, 27]. Three other proteins, CLP–36 (spot 370),
ZF36 (spot 184) and DJ25J6.2 (spot 249) represent bona
fide transcriptional regulators. CLP–36 belongs to the
LIM domain containing proteins. Zinc fingers and the
LIM domain are zinc-binding amino acids found in var-
ious proteins that function in protein-protein interac-
tions and transcriptional regulation [28]. An extrapola-
tion of the number of identified transcriptional
regulators predicts that there will be more then 30 tran-
scription factors present on our 2-DE gel.

In addition to the six transcription factors, we iden-
tified various other proteins that serve important func-
tions in gene expression. Hsc71 (P11142, spot 89), Hsp70
(P08107, spots 98 and 99), and transformation-sensitive
protein IEF SSP 3521 (P31948, spot 109) function as

Fig. 2 In vitro transcription of pML(C22AT)19 using nuclear extracts of HepG2 cells.
Transcriptional assays were conducted with various amounts of extracts, in the
presence of plasmid DNA template. For control, incubations were also carried out
using heat-inactivated extracts or in the absence of DNA template. A radiolabeled
100 bp DNA ladder was used as a size standard.

Fig. 3 Image of 2-DE gel. A transcriptionally active HepG2 nuclear extract was sep-
arated on a 2-DE gel and silver-stained. pH and Mr scales are displayed on top and
on the left hand of the image. Identified spots (solid arrows) are indicated by num-
bers (see also Table 1). Open arrows refer to spots for which tryptic peptide mass
spectra have been obtained but could not be identified in the databases. M location
of 2-DE standard proteins. The 2-DE gel is representative for three gels made from
three independent samples.
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chaperones for nuclear steroid hormone receptors [29,
30]. RAE1 (P78406, spot 313) is involved in pre-mRNA
transport [31], ABBP–1 (Q99729, spot 312) in pre-
mRNA editing [32], AUF1 (Q12771, spots 264, 292, 299,
305, 333, 351) in pre-mRNA stability [33] and cleavage
stimulation factor (P33240, spot 106) in pre-mRNA
polyadenylation [34]. Remarkably, the yeast homologs
of two of these, RAE1 and transformation-sensitive pro-
tein IEF SSP 3521, participate in the cellular response
evoked by changes in food supply [35].

The small proportion of transcription factors that we
detected (six out of 39 identified proteins) prompted us
to examine whether the concentration of transcriptional
regulators in our soluble nuclear extracts is too low to
permit their detection by silver staining. We therefore
analyzed the extracts for the presence of a well-known
transcriptional activator, nuclear factor kB (NFκB), fol-
lowing western blotting of the 2-DE gel. To achieve high
accuracy in the correlation of a silver-stained protein
spot to its immunostained counterpart, we employed
the method that we developed recently. It allows silver-
and immunostaining of protein spots on the same mem-
brane [36]. Fig. 5 shows that this method readily allowed

the immunological detection of the NFκB subunit p65,
which was not visible on the silver-stained membrane.
Similar results were obtained for cJun, a subunit of the
activator protein-1 (AP-1) [36].

■ Establishment of an online database

The pattern of the nuclear HepG2 proteins was used to
construct an online database [37]. The protein spots are
consecutively numbered and can be accessed via a click-
able gel image.For each identified spot the accession and
identification number, date, name, description, organ-
ism, pI and Mr is available.All data are presented in tab-
ular form. The database also allows full text searches.
Moreover, additional information is available via links
to the SWISS-PROT database.

Corresponding spot and image files are being created
following user query by common gateway interface
(CGI)-scripts. Tryptic peptide masses of the unidenti-
fied proteins are available through the program MALDI-
SEARCH that we have developed for this purpose. This
program compares peptide masses of query proteins

Fig. 4 MALDI-TOF peptide mass fingerprint spectra of proteins following 2-DE and
tryptic digest. Spots 89 (A) and 125 (B) were cut out of the gel, digested with trypsin
and submitted to MALDI-TOF mass spectrometry. Internal calibration was per-
formed using one peak of the matrix ions (m/z = 379.4; not shown) and one pep-
tide peak (m/z = 2163.06) resulting from autodigestion of trypsin.

A

B

C

Fig. 5 Detection of p65 by western blotting of the 2-DE gel. The nuclear proteins
from HepG2 cells were separated on a 2-DE gel and transferred onto a membrane
which was silver-stained and documented (A). The same membrane was destained
as described previously [25] and immunostained using an antiserum specific for the
NFκB subunit p65 and a secondary antibody conjugated to alkaline phosphatase
(B). C The spot patterns shown in A and B were superimposed. Arrows indicate the
position of immunostained protein spots.
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specified by the users with those determined in our
study. Because all data are stored in a structured query
language (SQL) database, all updates are immediately
available. This greatly facilitates the administration of
the database. Importantly, this strategy bears the advan-
tage that other research groups can coordinately update
the database via a world wide web (WWW) interface.

■ Regulation of AP-1 by glucose

Nuclear extracts of HepG2 cells previously incubated in
the absence or presence of D- or L-glucose were submit-
ted to SDS polyacrylamide gel electrophoresis and ana-
lyzed on western blots with an antibody directed against
cJun, a component of AP–1. In the presence of D-glu-
cose, cJun protein was hardly detectable (Fig. 6). How-
ever, when D-glucose was omitted or substituted for by
L-glucose, cJun was easily identified. This observation
indicates that the glucose levels in the medium regulate
AP–1 and therefore suggest that they also affect tran-
scription in HepG2 cells.

Discussion

In this report we have analyzed soluble nuclear extracts
from HepG2 cells on 2-DE gels. A hepatocyte cell line
was selected because the liver is exposed to the greatest
variations in glucose concentrations under physiologi-
cal conditions. The quality of the nuclear extracts was
proven by the demonstration of correct transcriptional
initiation and elongation. It was also devoid of the abun-
dant histone and nuclear matrix proteins [38], which fa-
cilitated the display of proteins of lower abundance. The
absence of the latter is nicely demonstrated by the ob-
servation that none of the proteins identified in this re-

port were found in the 2-DE database of nuclear matrix
proteins from human liver [19]. In addition, our experi-
mental protocol minimized the presence of cytoplasmic
contaminants. This is supported by visual inspection of
the nuclei and by the 2-DE analysis of the nuclear ex-
tract. Only nine protein spots out of 65 were of non-nu-
clear origin, but derived from mitochondria (spots 384
and 482, Table 1), the cytosceleton or the cytosol (spots
10, 157, 177, 210, 277, 405 and 491; Table 1). When the 2-
DE pattern of nuclear and cytoplasmic protein extracts
were compared,about 10 % of the cytoplasmic spots also
appeared in the nuclear pattern (data not shown). These
observations support a recent note that cytoplasmic
contaminants can not completely be avoided in nuclear
preparations [20]. On the other hand, a nuclear localiza-
tion of at least some of these “cytoplasmic” proteins can
also not be excluded. For peptidyl-prolyl cis-trans iso-
merase we observed four spots in the 2-DE pattern of to-
tal HepG2 cell extracts but only two of them (spots 504
and 505, Table 1) were identified in the nuclear extract
(result not shown). It appears, therefore, that variants of
this enzyme exist, some of which may occur in the nu-
cleus.Moreover, two of the cytoplasmic proteins,natural
killer enhancing-factor A (spot 491) and glutathione re-
ductase (spot 177), protect the cells against oxidative
stress. Several transcriptional regulators such as NFκB
and AP–1 are sensitive to the redox potential [39]. This
implies that enzymes involved in redox regulation are
also present in the cell nucleus.

To evaluate the reproducibility of the 2-DE analysis,
three gels of three independent samples of unstimulated
HepG2 cells were compared and about 90 % of the de-
tected protein spots proved to be reproducible in all
three gels. This observation is well in agreement with
findings of others (17). However, spot intensities varied
considerably which made a quantitative comparison dif-
ficult. To ensure a correct identification, a given protein
spot was cut out from 2–3 different gels and analyzed
separately by mass spectrometry.

From the 543 spots of the 2-DE gel, 65 of different
staining intensity, Mr and IP were analyzed by mass
spectrometry and for all of them we obtained high qual-
ity peptide finger prints.We therefore conclude that also
the weakly stained spots contain sufficient material,
allowing their successful analysis. The data also suggest
that the intensity and the protein content of a spot 
are not clearly correlated. Of the 65 spots 53 were iden-
tified, representing 39 different proteins. Only five of the
identified proteins (spots 10, 89, 93/94/95, 491, 504, Table
1) were contained in the SWISS–2DPAGE databases
including the HepG2 2-DE database (http://
www.expasy.ch/ch2d/). Most likely the low abundance of
these nuclear proteins in total cellular protein extracts
prevented their previous detection on 2-DE gels. This
observation strongly supports the demand for 2-DE
databases obtained from subcellular compartments.

Fig. 6 Induction of the transcription factor cJun in absence of glucose or presence
of L-glucose. Following incubation of HepG2 cells in presence of 4.5 g/l D-glucose
(D), L-glucose (L) or in absence of glucose (0), 8 µg of the respective cell nuclear ex-
tract were separated on a 15 % SDS-PAA gel and transferred onto a membrane. The
expression of cJun proteins was visualized by incubation of the membrane with
anti-cJun antibodies and an alkaline phosphatase-conjugated secondary antibody.
The size of protein standard proteins is indicated on the left.
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Six of 38 identified proteins represented transcrip-
tional regulators. An extrapolation of the number of
identified transcriptional regulators predicts that there
will be more then 30 transcription factors present on our
2-DE gel. While we detected six transcription factors as
silver-stained spots on our 2-DE gel, the well-known in-
ducible regulators of transcription, NFκB and AP–1,
were not seen. Only the more sensitive western blotting
method with immunological detection allowed the
identification of these proteins. We therefore conclude
that the silver staining method was not sensitive enough
to detect these proteins in HepG2 nuclear extracts. Fur-
ther enrichment of such proteins seems to be required
to allow the identification of a larger number of tran-
scriptional regulators by silver-staining. Affinity chro-
matography on immobilized DNA or RNA to separate
the abundant RNA binding proteins from DNA binding
transcription factors would probably be useful. The 
2-DE map presented here facilitates the monitoring of
the success of such purification steps.

In a final experiment we used glucose as a stimulator
for the following reasons: First, consumption of food
with a high glycemic index increases the risk for insulin
resistance syndrome and subsequently for cardial vas-
cular diseases [40]. Second, glucose has been shown to
regulate gene expression in liver [1, 2]. Semenkovich, for
instance, has shown for the fatty acid synthase (FAS)
gene as a model that glucose can regulate gene expres-
sion in HepG2 cells [41]. In agreement with this obser-
vation we observed a decrease of FAS activity in cells
cultivated in the presence of L-glucose (data not shown).
However, more importantly, glucose deprivation re-
sulted in the induction of cJun protein, a component of
the AP–1 complex. This observation indicated that glu-
cose concentrations affected transcription in HepG2
cells and confirms recent studies which showed glucose
sensitivity of cJun in squamous SiHa- and pancreatic
INS–1 cells [42, 43].

Twelve spots escaped their identification although
high quality tryptic peptide maps were obtained. At
present we can not completely exclude that post-trans-
lational modifications changed the peptide masses in a
way preventing their identification. However, this possi-
bility appears unlikely because the masses of the ana-
lyzed peptides represented high proportions of the pro-
teins. These spots likely represent novel proteins not yet
contained in the public nucleic acid and polypeptide
databases. Since the amount of sequence information is
continuously increasing, it is important that the MALDI-
TOF spectra of the unidentified proteins are available
[44]. Therefore, we developed a program MALDI-
SEARCH that allows researchers, via a web browser, to
compare peptide spectra they determined or predicted
from DNA sequence information with those of the
unidentified proteins in our database. Thereby, it will be
possible for the first time to determine the position of a

novel protein on a 2-DE gel solely on the basis of its DNA
sequence.Moreover,our database is of great value for the
identification of protein coding regions in DNA se-
quences that accumulate in the course of the human
genome project. In this respect, it is noteworthy that the
two proteins DJ25J6.2 (Q9 UJL4) and dJ1057B20.2
(Q9NQG5) corresponding to spots 249, 379 and 381 are
hypothetical proteins, i. e., the peptide sequence was
predicted from chromosomal DNA sequence deter-
mined by the human genome project. The development
of the genome project and our database will finally com-
plete the HepG2 nuclear protein map.

Materials and methods

■ Chemicals

All chemicals and media for cell culture were purchased
from GIBCO BRL (Eggenstein, Germany), chemicals for
2-DE from Pharmacia (Freiburg, Germany), the 2-DE
standard from BIO-RAD (Munich, Germany), chemicals
for silver staining from Merck (Darmstadt, Germany).

■ Cell culture

HepG2 cells were grown in 150 cm2 flasks at 5 % CO2 in
RPMI1640 supplemented with 5 % fetal calf serum
(FCS), 5 % new born calf serum, 2 mM L-glutamine. For
analysis of the glucose sensitivity of AP–1, the medium
was exchanged for RPMI1640 supplemented with 10 %
FCS,2 mM L-glutamine,4.5 g/l D-glucose (25 mM) when
cells were grown to 30–50 % confluence. After 24 h cells
were washed in Puck’s saline and incubation continued
for 6 h in RPMI1640, 3 % bovine serum albumin, 2 mM
L-glutamine, and 4.5 g/l D-glucose. Then the cells were
washed again and incubated for another 12 h in the same
culture medium containing 4.5 g/l D-glucose or L-glu-
cose or lacking any glucose. Thereafter, cell number and
viability were determined by staining with trypan blue
and cells were scraped off the flasks, washed in Puck’s
saline, and shock frozen in liquid nitrogen.

■ Preparation of nuclear extracts

Nuclear extracts were prepared according to Gorski et
al. [38]. Cells (2 x 108) were homogenized by a motor-
driven 5 ml Teflon-glass homogenizer in 10 mM Hepes
(pH 7.6), 25 mM KCl, 1 mM EDTA, 2 M sucrose, 10 %
glycerol, 0.15 mM spermine, 0.5 mM spermidine, 0.5 %
Triton-X100. The homogenate was layered on a 1 ml
cushion of the same buffer not containing Triton-X100.
Nuclei were sedimented by centrifugation (SW60, 28 200
rpm, 30 min, 4°C) and thereafter resuspended in 10 mM
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Hepes (pH 7.6), 100 mM KCl, 3 mM MgCl2, 0.1 mM
EDTA, 10 % glycerol, 1 mM dithiothreitol (DTT), 0.1 mM
phenylmethysulfonyfluoride, 0.2 µM Aprotinin, 2.3 µM
Leupeptin and adjusted to 10 A260 units per ml and, at
4°C, 1/10 volume 4 M ammonium sulfate (pH 7.9) was
added dropwise. The extract was gently shaken for 30
min. The viscous lysate was then centrifuged (90 Ti,
37 500 rpm, 60 min, 4°C) to pellet chromatin. Soluble
nuclear proteins that are contained in the supernatant
were precipitated by addition of 0.3 g/ml ammonium
sulfate and recovered by centrifugation (90 Ti, 37 500
rpm, 25 min, 4°C). Proteins were dissolved in 25 mM
Hepes (pH 7.6), 40 mM KCl, 0.1 M EDTA, 10 % glycerol,
1 mM EDTA and dialyzed 1 h against the same buffer
which was changed once. Material that was precipitated
during dialysis was removed by centrifugation, the
protein concentration was determined using a spectro-
metric method described previously [45] and the nu-
clear extracts were frozen in small aliquots in liquid ni-
trogen.

■ In vitro transcription

In vitro transcription assays are performed essentially
as described by Gorski et al. [38].Various amounts of nu-
clear extracts were added to transcription buffer (10
mM Hepes (pH 7.6), 3 % glycerol, 25 mM KCl, 6 mM
MgCl2, 0.6 mM ATP, 0.6 mM CTP, 35 µM UTP, 200 µM O-
methyl-GTP, 2 U RNasin, 7 µCi [α-32P]UTP, 1 µg plasmid
DNA template (pML(C2AT)19; [23]). Incubation was car-
ried out for 30 min at 37 °C and stopped by addition of
15 volumes 25 mM NaCl, 1 % sodium dodecylsulfate
(SDS), 20 mM Tris/HCl (pH 7.5), 5 mM EDTA, 20 µg
tRNA, 40 µg proteinase K, extracted with phenol/chloro-
form and nucleic acids precipitated with ethanol. In
vitro synthesized transcripts were analyzed on denatur-
ing 4 % polyacrylamide gels. The gels were analyzed us-
ing a PhosphoBioImager (BAS 2000, Raytest, Strauben-
hardt, Germany).

■ Two-dimensional gel electrophoresis 
and Western blotting

High resolution gel electrophoresis was carried out ac-
cording to Görg et al. [17]. 42 µl 1.4 M DTT, 4 µl Pharm-
alyte 3–10, 4 mg CHAPS, 108 mg urea and 6 µl 2-DE-
standard were added to 100 µl of nuclear extract
(150–200 µg protein) and incubated 1 h at room tem-
perature with shaking. Thereafter Immobiline-stripes
(11 cm, pH 3–10) were rehydrated in this solution. Fol-
lowing isoelectric focusing (6000Vh, 20 °C) stripes were
incubated for 15 min subsequently in 0.01 g/ml DTT, 6 M
urea, 30 % glycerol, 2 % SDS, 0.05 M Tris/HCl (pH 8.8)
and 0.045 g/ml iodoacetamide, 6 M urea, 30 % glycerol,

2 % SDS, 0.05 M Tris/HCl (pH 8.8). Stripes were then
placed on top of a 15 % SDS-polyacrylamide gel and
fixed with 1 % agarose. Following electrophoretic sepa-
ration (13.5 cm x 20 cm x 0.75 mm; 1 h, 15 mA; 4 h, 20
mA) gels were silver stained and digitized using a AR-
CUSII-Scanner (Agfa, Mortsel, Belgium) with a resolu-
tion of 300 dpi and stored as 16 bit-TIFF-files [46]. Spot
recognition and numbering were carried out automati-
cally by the program Phoretix V.4.00 (Nonlinear Dy-
namics Ltd, New Castle upon Tyne, England) under vi-
sual control. To evaluate the reproducibility three
independent samples of unstimulated HepG2 cells were
analyzed by 2-DE.Qualitative comparison of the three 2-
DE gels revealed about 90 % identical spots. Spot inten-
sities varied considerably which made a quantitative
comparison difficult. Western blotting of 1- and 2-DE
gels and silver staining, destaining and immunostaining
are described elsewhere [36]. Antisera directed against
cJun and p65 were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA)

■ Tryptic digest, extraction of peptides from gels 
and MALDI-analysis

Protein spots were cut from the gel, submitted to diges-
tion with modified trypsin (Roche Diagnostics,
Mannheim, Germany) and the peptides were extracted
by washing alternatively with 5 % HCOOH and acetoni-
trile according to Shevchenko et al. [47]. The solvent was
evaporated, peptides dissolved in 10 µl 5 % HCOOH and
concentrated over a miniaturized reverse-phase column
[48]. α-Cyano-4-hydroxy cinnamic acid (15 µg/µl in
70 % acetonitrile, 30 % (v/v) 0.1 %TFA was used as the
matrix. Mass spectra were recorded using a Reflex
MALDI-TOF mass spectrometer (Bruker-Daltonik, Bre-
men, Germany) in the reflector mode. The same protein
spot out of different gels was analyzed 2–3 times follow-
ing identification by searching the nonredundant
trEMBL and Swiss-Prot databases using the Peptide
Search program (http://www.mann.embl-heidelberg.de/
peptidesearchpage.html) based on peptide maps with a
mass accuracy of less than 0.3 Dalton. The criteria for
positive identification of proteins were set as follows: 1)
at least five matching peptides, 2) about 20 % of the
amino acid sequence of the identified protein should be
covered by the matching peptides and 3) molecular
weight and pI of the identified protein should match the
estimated values obtained from image analysis. Similar
criteria have been described earlier [49].

■ WWW-database

The individual spot parameter (coordinates in the gel,
spot diameter, pI, MWG) were transferred into an SQL-
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database. The WWW- and SQL server was set up on a
586-PC using Linux (http://www.suse.de) as an operat-
ing system. Using this method perl-scripts
(http://www.perl.com) use the gd-library (http://www.
genome.wi.mit.edu/pub/software/WWW/GD.html) to
create appropriate pages dynamically upon user re-
quest. Data of individual spots are stored in an SQL
database (Hughes Technologies Pty Ltd., http://

Hughes.com.au) and accessed by corresponding perl-
scripts via an SQL-Perl interface (T. Bunce, England).

Electronic supplementary material

The URL of the 2-DE database is http://pc57.dife.de
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