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Summary. Proteomics offers unique possibilities to investigate changes
in the levels and modifications of proteins involved in the pathomechan-
isms of diseases and toxic events. However, search for potential drug
targets and disease or toxicity markers is limited by the fact that mainly
the high-abundance, hydrophilic proteins are visualized in two-dimen-
sional gels. Here we studied the enrichment of rat liver cytosolic proteins
by preparative electrophoresis. Preparative electrophoresis was performed
with the PrepCell apparatus in the presence of 0.1% lithium dodecyl
sulfate. Lithium dodecyl sulfate was exchanged against agents compatible
with isoelectric focusing prior to the two-dimensional gel electrophoresis.
Proteins were identified from two-dimensional gels by matrix-assisted
laser desorption ionization time-of-flight mass specrometry. Low- and
middle-size proteins and low-abundance proteins, which had not been
found before, were enriched by preparative electrophoresis. The present
study represents a contribution of proteomics in the quantification of
differences in the levels of low-abundance liver proteins in toxicity studies.

Keywords: Proteomics — Preparative electrophoresis — Liver — Low-
abundance proteins — Mass spectrometry

Introduction

Proteomics is frequently applied in the investigation of toxic
events because it enables the efficient generation of toxicity-
related protein patterns, which may be useful in predicting
toxicity of drug candidates (Steiner and Witzmann, 2000).
Proteomics usually involves protein separation by two-
dimensional electrophoresis and protein identification
mainly by mass spectrometry (Fountoulakis, 2001). The
performance of the proteomics technologies has been
greatly improved in the last few years. The technology cur-
rently allows the identification of all gene products of a
proteome, which are expressed in sufficient amounts to be
visualized in gels stained with Coomassie blue. However,
there is still a large discrepancy between possible and
detected gene products in a proteome. To increase the like-

lihood of detection of low-abundance proteins in complex
biological mixtures, the proteomic analysis is increasingly
directed to simpler protein fractions, each containing a lower
number of components in comparison with the starting
material (Fountoulakis and Takdcs, 1998). Investigating bio-
logical events, it is interesting to study low-copy-number
gene products because such proteins are most likely the
potential drug targets or markers related to toxicity pathways.

The separation of a protein mixture into organelle frac-
tions prior to the 2-D electrophoresis analysis is usually the
first step to increase the probability of detecting low-copy-
number gene products. Subsequent enrichment of proteins
from larger volumes is usually achieved by selective frac-
tionation, chromatography or electrophoretic procedures
(Fountoulakis and Takacs, 2002). The electrophoretic meth-
ods comprise the separation of protein mixtures by prepara-
tive polyacrylamide gel electrophoresis on the basis of pro-
tein size usually in the presence of ionic detergents, or by
preparative isoelectrofocusing on the basis of protein charge
either in the presence of ampholines (Rotofor system,
BioRad) or with the use of multi-compartment electrolyzers
with isoelectric immobilized pH gradient (IPG) membranes
(Herbert and Righetti, 2000; Righetti et al., 2001). Prepara-
tive electrophoresis is a general method for protein purifica-
tion. In previous studies, we applied preparative electropho-
resis to isolate interferon vy-interferon -y receptor complexes
for crystallization purposes (Fountoulakis et al., 1993; Thiel
et al., 2000). We also applied preparative electrophoresis to
enrich low-abundance brain proteins, possibly involved in
neurological disorders (Engidawork and Lubec, 2001). The
approach resulted in the enrichment of low-molecular-mass
and neuron-specific proteins (Fountoulakis and Juranville,
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2003). This method has also been used with acid-labile
detergents for the direct mass spectrometry analysis of
whole proteins (Meng et al., 2002). In this study, we used
preparative electrophoresis to enrich low-abundance rat liver
cytosolic proteins prior to proteomic analysis.

Materials and methods

Materials

Immobilized pH-gradient (IPG) strips were purchased from Amersham
Biosciences (Uppsala, Sweden). Acrylamide was obtained from Serva
(Heidelberg, Germany) and the other reagents for the polyacrylamide gel
preparation were from Bio-Rad (Hercules, CA, USA). Ampholytes (Reso-
lyte 3.5-10) were purchased from BDH Laboratory Supplies (Poole, UK).
CHAPS and thiourea were from Sigma (St. Louis, MO, USA), urea, dithio-
erythritol and EDTA were obtained from Merck (Darmstadt, Germany).

Sample preparation

Animals were sacrificed using CO,. Livers were flushed through the
hepatic vein with cold NaCl to eliminate excessive blood content. Liver
tissue (1.0g) was suspended in 10ml of 20mM Hepes-OH, pH 7.5,
containing 250mM sucrose, 1mM EDTA, 5mM dithierythritol and
1 pl/ml of a mixture of protease inhibitors (1 mM PMSF and 1 tablet
complete™ (Roche Diagnostics, Mannheim, Germany) per 50 ml of sus-
pension buffer) and phosphatase inhibitors (0.2mM Na,VO; and 1 mM
NaF). The suspension was homogenized with the use of a teflon/potter
homogenizer and centrifuged at 800 x g for 10 min to remove nuclei and
undissolved material. The supernatant was centrifuged at 10000 x g for
15min to separate the mitochondrial proteins. The supernatant of this
centrifugation step was centrifuged further at 100000 x g for 1h to sepa-
rate cytosolic and microsomal proteins. The cytosolic fraction was con-
centrated 10-fold by ultrafiltration (Mr cut off 10000), diluted 10-fold with
50 mM Tris-HCI, pH 6.8, containing 25% glycerol and 1% lithium dode-
cyl sulfate (LDS) and concentrated again to reach a protein concentration
of about 12.5mg/ml. The protein content was determined using the
Coomassie blue method (Bradford, 1976).

Preparative electrophoresis

Preparative gel electrophoresis was performed in the PrepCell system
(Bio-Rad), following the instructions of the supplier as previously
described (Fountoulakis et al., 1993). The acrylamide concentration of
the cylindrical separation gel was 11% and the gel was about 6 cm long.
The stacking gel had an acrylamide concentration of 4% and was 2.5 cm
long. 50 mg of total proteins in 4 ml of 50 mM Tris-HCI, pH 6.8, contain-
ing 25% glycerol and 1% LDS were applied onto the stacking gel.
Electrophoresis was performed at 250V in 0.198 M glycine and 25 mM
Tris, containing 0.1% LDS. Fractions started to be collected after the
bromphenol blue front reached the lower end of the gel. The eluted
proteins were collected from the gel in 0.198 M glycine and 25 mM Tris,
containing 0.1% CHAPS at 30ml/h. Eighty 10-ml fractions were col-
lected and each fraction was concentrated to about 0.2 ml by ultrafiltration.
Excess of salt and LDS were reduced by twice diluting the concentrated
sample 10-fold with 20 mM Tris-HCI, pH 7.5, containing 8 M urea and 4%
CHAPS and concentrating it by ultrafiltration. Approximately 12mg of
protein was recovered in all fractions.

Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis was performed essentially as
reported (Langen et al., 1997). Samples from selected fractions, containing

0.1-1 mg of total protein, were applied on immobilized pH 3—10 nonlinear
gradient strips in sample cups at their basic and acidic ends. Focusing
started at 200V and the voltage was gradually increased to 5000V at
3V/min and kept constant for a further 24h. The second-dimensional
separation was performed on 12% SDS polyacrylamide gels (180 x 200 x
1.5mm) run at 40mA per gel, in an ISO-DALT apparatus. After protein
fixation for 12 h in 40% methanol, containing 5% phosphoric acid, the gels
were stained with colloidal Coomassie blue (Novex, San Diego, CA, USA)
for 24 h. Molecular masses were determined by running standard protein
markers (Gibco, Basel, Switzerland), covering the range 10-220kDa. pl
values were used as given by the supplier of the IPG strips. Excess of dye
was washed from the gels with H,O and the gels were scanned in an Agfa
DUOSCAN densitometer (resolution 200). Electronic images of the gels
were recorded using Photoshop (Adobe) software. The images were stored
as both tiff (about 5 Mbytes/file) and jpeg (about 50 Kbytes/file) formats.
The figures were prepared with PowerPoint (Microsoft) software.

Matrix-assisted laser desorption ionization
mass spectroscopy (MALDI-MS)

MALDI-MS analysis was performed as described elsewhere (Fountoulakis
and Langen, 1997) with certain modifications (Jiang et al., 2003). The
spots from selected gels were excised with a spot picker and placed into
96-well microtiter plates. Each spot was destained with 100 pl of 30%
acetonitrile in 50mM ammonium bicarbonate and dried in a speedvac
evaporator. Each dried gel piece was rehydrated with 4 ul of 3 mM Tris-
HCI, pH 9.0, containing 50 ng trypsin (Roche Diagnostics). After 16h at
room temperature, 7 4l of HyO were added to each gel piece and the
samples were shaken for 10 min. Four ul of 50% acetonitrile, containing
0.3% trifluoroacetic acid and the standard peptides des-Arg-bradykinin
(Sigma, 904.4681 Da) and adrenocorticotropic hormone fragment 18-39
(Sigma, 2465.1989Da), in water were added to each gel piece. The
application of the samples was performed with a Cy-Well apparatus
(Cybio AG, Jena, Germany). 1.5 ul of the peptide mixture was simulta-
neously applied with 1 1 of matrix, consisting of a saturated solution of a-
cyano-4-hydroxycinnamic acid (Sigma) in 50% acetonitrile, containing
0.1% trifluoroacetic acid. Samples were analyzed in a time-of-flight mass
spectrometer (Reflex 3, Bruker Daltonics, Bremen, Germany). An accel-
erating voltage of 20kV was used. Peptide matching and protein searches
were performed automatically with the use of in-house developed software
(Berndt et al., 1999). The peptide masses were compared to the theoretical
peptide masses of all available proteins from all species. Monoisotopic
masses were used and a mass tolerance of 0.0025% was allowed. The
probability of a false positive match with a given MS-spectrum was
determined for each analysis. Four matching peptides was the minimal
requirement for an identity assignment. Unmatched peptides or miscleav-
age sites were not considered. The automatically identified proteins were
checked individually and only rat proteins or highly homologous counter-
parts from other species (mouse or human) with pI and Mr values close to
the theoretical were considered (a deviation of about 20% was allowed).

Results

Protein fractionation and enrichment
by preparative electrophoresis

Rat liver cytosolic proteins (50 mg) were fractionated over
a cylindrical 11% acrylamide gel. The sample was applied
in 1% lithium dodecyl sulfate (LDS) and the elecropho-
resis was performed in the presence of 0.1% LDS. The
proteins as they were eluted from the gel were collected
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Fig. 1. Two-dimensional gel analysis of rat liver cytosolic proteins (A) and reconstructed 2-D gel from partial images of selected fractions, which
were collected from the PrepCell (B). In the reconstructed gel (B), stronger spots representing proteins enriched by preparative electrophoresis are
seen in comparison with the starting material (A). The rectangles show regions with significant differences in spot number and intensity. The proteins
were analyzed as stated in Materials and methods. The gels were stained with colloidal Coomassie blue

in a buffer containing 0.1% CHAPS to avoid eventual pre-
cipitation. The eluate was concentrated by ultrafiltration.
Simultaneously salt was removed and LDS was exchanged
against CHAPS, an isoelectric focusing compatible deter-
gent. Total protein recovery from the preparative gel (after
ultrafiltration and buffer exchange) was approximately
25%. We used LDS instead of SDS because in control
experiments we had observed that LDS can be easier
removed from the proteins in comparison with SDS and
it does not interfere with 2-D electrophoresis, whereas SDS
can not be completely removed and often produces hori-
zontal streaking in the gels (Fountoulakis and Takcs,
2001).

Selected fractions were concentrated and subsequently
analyzed by 2-D electrophoresis in broad pH range 3—-10

nonlinear IPG strips. Figure 1A shows the 2-D gel analysis
of the cytosolic fraction applied on the preparative gel and
Fig. 1B shows an artificial gel of the eluate, reconstructed
from the 2-D gel analysis of the fractions collected from
the preparative gel. In the artificial gel, a larger number of
spots can be seen in comparison with the starting material.
Comparison of the spots included in the rectangles drawn
in Fig. 1A and 1B shows that after the preparative electro-
phoresis step the spots are much stronger and new spots
can be detected.

In Fig. 2, the 2-D gel analyses of the starting material and
of selected fractions collected from the preparative electro-
phoresis step are shown. In the latter gels, in which conse-
cutive fractions were analyzed, the spots form zones with
gradually increasing average molecular masses. Preparative
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Fig. 2. Two-dimensional gel analysis of rat liver cytosolic proteins (A) and of the fractions 38, 44, 47, 59 and 81 eluted from the PrepCell (B—F). In the fractions (B—F), stronger spots, distributed in zones

with increasing average molecular masses, are seen. The proteins were analyzed as stated under the legend to Fig. 1

M. Fountoulakis et al.

electrophoresis mainly enriched proteins of average mole-
cular mass (about 20-40kDa, Fig. 2D). Enrichment of low-
molecular-mass proteins was also efficient (Fig. 2B—C). The
enrichment of high-molecular-mass proteins (Fig. 2F) was
less efficient compared to those of lower molecular masses.
This can be due to technical limitations of the preparative
electrophoresis or very large volumes are required for their
elution.

Several mainly low- and medium-size proteins, which
had not been detected before, were detected in the fractions
collected from the preparative gel. Five proteins were
detected for the first time. These were represented by one
spot. The other proteins had been found in at least one
additional sample analyzed in our laboratory, ten of them
in more than 100 samples. The often detected proteins were
usually represented by more than one spot in the fractions
from the preparative electrophoresis, 20 of them by more
than 10 spots. In general, low- and high-abundance proteins
were simultaneously enriched by preparative electropho-
resis. Preparative electrophoresis resulted in the enrichment
of glutathione S-transferase ybl (P04905), glutathione S-
transferase yb2 (P08010), carbonic anhydrase (P14141),
catechol O-methyltransferase (P22734), senescence marker
protein-30 (Q03336) and other proteins (Fig. 3).

The proteins collected from the preparative electropho-
resis are structural molecules (about 15), heat shock proteins
(about 10), enzymes involved in carbohydrate metabolism
(about 15, like fructose-bisphosphate aldolase b, fructose-
1,6-bisphosphatase, peroxisomal bifunctional enzyme,
aldehyde dehydrogenase and others), in amino acid metab-
olism (about 20), involved in phenylalanine catabolism,
arginine biosynthesis, glycine biosynthesis and other path-
ways. Proteins were also detected which are involved in
response to oxidative stress (major urinary protein, thiore-
doxin peroxidase 1 and 2), in signal transduction (about 10,
like probable protein disulfide isomerase, 14-3-3 proteins),
translation and translation regulation, transport (about 20;
electron, ion, oxygen transporters) and other functions.

Protein identification

The proteins were identified by MALDI-MS on the basis of
peptide mass matching (Henzel et al., 1993; Lahm and
Langen, 2000), following in-gel digestion with trypsin.
Spots were excised from selected 2-D gels and each spot
was analyzed individually. The peptide masses were
matched with the theoretical peptide masses of all known
proteins from all species. The analysis resulted in the iden-
tification of about 600 proteins, which were the products
of 140 different genes. The number of the different gene



31

Enrichment of low-abundance liver proteins

0¢

Wivid

eqy

T 9[qeL UI PASI[ oIk PAuSISse SANNUIPI I, "ON[q JISSLUIO0)) [BPIO[[0D M PIuTels a1om s[5 oy, ‘[[o)deId 9y} WOoIJ paAIn|d /f PUe H§ SUONORIJ ) JO SISATeue [oF [eUOISUSWIP-OM], *€ "SI

id

¥$Z5€0
_, 2e5L6d

L6281d .
L6LE9D-.

Sy

veLzZd

5592¥d
yi25¢d
‘e1z5¢d

Wivid

15055d

T42820d

“-.86¥Lvd

“gogold | YOLEd
6£9%0d

9£££00

LA

e o 049



PO-HEL' 9 S600S  T9Y (,¥ ©12q utnqmy) ureyd /-eleq urnqny, SIOIHD L99L:MS  vP260d
60-418'9 9 6Ly €8°L (ase31] oeredse-oul[[nnId) ($4'¢’9 DH) ASLYIUAS dJRUIOINSOUIUISIY IVI ASSY:MS  $€060d
SI-HLES ¢l SS0IL 9T u)01d ey £ 21eUS00 JYOOys 1LY IVI OLSH:MS  60180d
FI-460'T 6 STLST  €¥'L (nw-sse[d) (1 ureys) (81°1°'c DH) QA dseIdjsuen-s duolpeIn[y IVY CTALD:MS  01080d
90-46£'C S YOLST  LEL (nw-sse[d) (4 ureyd) (81°1°'c DH) €94 dseIdfsuen-s duOIEIN[D IVI ENIOMS  60080d
LO-HEYT 9 LYO6L 966  [(SE'TT'T DH) S01pAyop yo)-[AoBAXOIPAY-¢ (§°¢"¢’S DH) OsEIOWOST Yod-[A0ud-suen-g'¢ {(L1'1°Cy JH) dSeIRIPAY YOD-[A0us] dwAZUS [eU0IOUNJIq [BUIOSIXOI0] IVY dHOH:MS  968L0d
80-H6T'L L 0€0SL 1L (xoe) (eseprxo eod-[Aojwped) (9°¢'¢" | DH) [BwOsIX01ad ‘AsePIX0 Y AWAZU209-[KdY IVY dOVO:MS  TL8LOd
01-409°¢ 8 Teise  8TL 86/L "(aseursre ad£)-1oal)) (1°¢'¢"¢ DF) [ dseursry IVEIDYV:MS  $8L0d
60-410'Y I TL9S9T  SL9 (1 aserauuis deydsoyd-Loureqres) (91°4°¢"9 OH) [eHpuoydoN [eruouwruwe] aseypuis aeydsoyd-[Lowreqre) IVY NSIO:MS  9SLLOd
+0-dSH 1 S CLYTL 06y (opndadAjod 10j18ANOE-sISOUaZOpIOIR)S) (diq) (urejoxd Surpulq ureyo Aaedy urngojSounww) (g7 did) urajoxd parendar asoon|3 ey 8L IV 8LIDMS 19.90d
SO-HET'T ¥ 00¥0F  80'8 (I'I°1'T OH) ureyd e aseuaoIpAyap [0Yod[y IVY VHAV:MS  LSL90d
FO-AES'T 9 rELy  80°S (p unesay) (q opud uneryolkd) (81 UNEIN0ILD) Q] [EIR[as0lkd 1 adKy ‘unerdy  HSNOW UDIMMS  #8LS0d
01-991°f 6 09L9%  1TS (¢ 1onquyur oseajord ouwas) (10Mqryur oseuralord pajen3or-ououLioy YMOIS) (uraroxd Sutpurq-uronyiey) (1g-1do) Jonqryur oseajoxd oxrf-utsdenuod Y IV IdO'MS  SPSS0d
80-HISI L 61¥9%  9'S (1-1ds) (1 Joyqryur aseajold autids) (¢z-1do) ¢ Ionqryur dseajord ayif-uisdenuo) IVY €IdO:MS  #PSS0d
PO-HEL'T 9 S600S  T9Y ureyo g-eloq uinqnl,  SAOW SHAL:MS  81TS0d
PO-ASL' 9 SST0S  €9F ureydp g-eeq uingnL,  NVINNH ¢d4L:MS  L12S0d
LOHY6'Y 9 76196 189 (2-39) T J0roey UOnESUO[Y IV CIEMS  L61S0d
SO-H9S'L ¥ LYSET €8S (dqx) (dqid) Josmoaid ute1oid Suipuiq-[ounal ewse|q IV 41a¥:MS  916¥0d
90-H0T'€ S 1esec LEL (1d-ssed) (L ureys) (L—£ 183) (81°1°$'C Dd) d oserdjsuen-s duorypeno IVY dIO'MS  906+0d
PI-HA81°C 6 LE6ST  SE'8 (nuw-sse[d) (¢ ureyd) (81°1°'c DH) 194 dseIdfsuen-s duOIEIN[D IVI TNLO'MS  S06+0d
90-dLY'S 9 62TST  LY'6 (eydye-sse[d 1s8) (194 153) (g ureyd) (81°1°6'c D) [-0A dseIdfsuLn-s duoIyEIN(D IV IOILO:MS  #0610d
SO-H0S'L ¥ L96SE  ¥E'8 (ypdes) (z1°'1°C'1 OH) aseudBoipAyap aeydsoyd-¢ apAyap[esdk(D IVY dED'MS  L6L10d
T1-9L0°6 o1 PIELS 991 (¥'1°8°¢ OH) oseurporop aurxo1ky/urejoid Surpuiq suouttoy proI&yy/(Z'11+1°1 DH) ©19q dse[AX0IpAY-p [A[01d/(1"+'¢’S DH) (IAd) oselouost apy|nsip urojoxd y IV IAd:MS  S8LY0d
90-9901 L L6TLY 1S9 (ouu) (ase[oud [eInou-uou) (aseA[-01pAy 1e1dA3-p-oydsoyd-z) (11°1°CH DH) ose[oud eydry IV VONE:MS  $9L10d

= [ARCIERY 1 19009 IS'L (O 1111 DF) 2se[ere) IV VIVO:MS  T9Lv0d
= 90-aHE'S 9 L8EOS €91 (S1-®12q 1) ureyd> eloq UINQn, IV 199LMS  16970d
@ 60-HSL' 8 TIL9E  tE'8 (e-ypD) (LTT'1°T D) UIeyd w oseuaSoIpAyap a1e1oe|-| IVY WHATMS  Th9r0d
=5 80-4I8'T 9 9zI0E  SS°S (re-ode) 1osmda1d -y ursjoxdodrjody IVYE IVAV:MS  6£940d
]w 60-461°¢ 6 T0€TS €09 (aseuadhxoouour-p-ayd) (yed) (1°91°¢1°1 DH) 2Se[AX0IpAY-p-outue[e[Kuayq IVY HYHd:MS — 9L1+0d
m 90-aAHY'1 S TLYTT  08'L (aseprxorad suonpeinis re[[ad) ([-xdyss) (6'1'11°1 OH) aseprxoiad auorpeInj) IVY OHSO:MS  1+0P0d
2 TI-H9L'6 6 6990L 7’9 Josnoard urungpe wniog VI NATV:MS  0LL20d
) 11-9$L'9 9 8001 S1°9 (dqey py ¢'g1) (ureroxd Sutpuiq proe Aney py ¢l (urnqois-ng-eydye) (dnw) Josmoaxd utajod Areuun tofejy IVY dOAEMS 19420
= LO-HOL'9 9 88L6€  90°S (s-ode) osmooxd g urajordodrjody IVY ddV:MS  0S920d
LOFLTY S L8LOS 18 ureyo [-eyd[e urngn,  GSNOW IVEILMS  16520d
01-9LET 8 76681 618 uoj-1ofew ‘ureyd e1oq UIGO[SowH IV 1d9H:MS  16020d
80-H0Y ¥ L €961 SO'L (ureyo ewures uiqojSoway) ureyd [e30) €12q UIqO[SOWaH NIAOE d9dH:MS  18020d
SO-HIYT S 8SEST €08 sureyo g-eyde pue [-eydje uiqojSouroy IVY VEH:MS  9v610d
90-9+C'C 9 9506 SO'L (11 osereIpAyap oreuoqies) (['['¢'y OH) 11 dseipAque owoqre)  gSNOW CHVO'MS  02600d
90-4€9' 9 8166¢  £+'8 (asejopre 2dA1-1oA1)) (€1°7'T'% OH) q 2se[op[e areydsoydsiq-asojoni] IV gATV:MS  £8800d
wonmbq_ L chbﬁ Nc@ Amnmﬁw:_::wm:mb 9Jejad3e0[BX0 OuNEnaz_mv An mmN:«Emm:m‘zv :;,QN Um—v [erIpuoyd0jru ﬁmm‘sum:-wbﬁz—m:.:m UHE\_NQmA\ .ﬁ<”—|—>~.ﬁ<<“\§m bOmOOm
R0-HTT'C 8 L166E 16'6 momm;ﬁ:wﬂumom:mb QESHEHOV Amwuaov Am.mg.m Um—v J0sanoaxd mmm‘_m,ﬁmcm‘_:xoamﬂuﬁo unpIuIO H<M\U,HO“\§w 181¥00d
01-450'9 S yITST LY $Qq QWOIYI0IL) IV SHAD'MS  €L100d
$0-H0T'1 S 1€99¢  +S°9 (LE 11T D) oseuaZoIpAyap alee] 686880V YLMS 686880
CTI-ALO'T 01 Mmmmm mmm AmANA‘N Um—v oseIdjsuenouruIuLIoy UunEﬂaz_m “wm_uz_u:: A:_ﬁo\_m w:_ﬁcmﬁ_nv_zﬂ—ﬁo\_u_r: e mmv va:MENMUO_U\AO|Mzmh®wm:ﬂbO=_EmEhOn— F/\MIQUE“BW W—wao
90-H0t'L ¥ LOS8T 616 (urro1d ¢dps) ¢ urxou Sunio§  NVINNH EXNS'MS  €6V090
90-18'9 9 SS90r 067 SAD A9[dwod ‘Lyd  L86SEOVE ULMS  L865E0
$0-400'C ¥ 8TLYT  8L'S (ureyod yueprxonue dyads-fory) (ge ssedrjoydsoyd yuspuadopur-wniopes dIpwoe) (L1111 DF) ¢ ueloxd jeprxonuy VY ¢XOV d4LMS  +PCS€0
S0-H08°€ S 698LE  9L9 (o-ypds) (2-pds) (8°1°1'1 OH) dnwuse[doikd ‘(+peu) dseuasorpAyap deydsoyd-¢-[0100410 IVY VAdO'MS  LLOSEO
90-42C'8 ¥ 89L61  $9'8 (ore-0zd) yungns ey 07 Xo[dwod ¢/7dAV  NVINNH 0TAV:MS  60SS10
11-92€ 8 €OrSy  68°L (S'1°1°T D8 oserdysueniAyjoul-g duialsLoowoy—aurelog IVY LAHE:MS  1L1600
S0-H80°C S S081€  L09 (1 ase[orpAyoureAyiouwntp suruirejfyiounp) ([ dseuruidreiAyowntp) (81°¢'¢°¢ JH) [ ASe[OIPAYOUR[AYIAWIP duIUISIe[AYIowIp-SN‘SN IV THAA:MS  LSS800
Anqeqoig SOYIRIA MIN 1d Qwieu [[ng uold  I_qunN

32

surajoxd JOAI] Jey °TI[qeL



o
o

Enrichment of low-abundance liver proteins

(panunuod)
90-429'1 S 9ze6T 'Y (1-droy) (-uteloxd ronquyut 5 aseury urajoid) (runqus | 1ojoey uone[nwns podwr [eLpuoydolw) uojisds uroid ¢-¢-| NVNOH AEPI:MS  $S9Thd
60980 0l 9v0LF 669 (ypar oyroads  dpeu) (ypr) (ase[Ax0qeop dreurodnsorexo) (gh'['1'1 JH) dnwusedoikds (dpeu) aseusdorpLyap ajenioosy IV DHATI'MS  T9STHd
L0-986'T ¥ 96981  8%°9 (asedid) (z'¢'1°¢ OF) (esereydsoyd proe 01k ySrom renosjowr mol) (84°¢1°¢ DH) gdoe/doe asereydsoyd urajoad sursorfioydsoyd 1ySrom rejnosjowr mo| IVI DVAd:MS 6¥1vd
So-ael'y 14 6£61€  €0°L (dn-eydye) uraroxd sojsuen joraydosor-eydyy IVY VALL'MS  #€01+d
S0-dLY'T 14 890€T  6Y'L (1-5 yungns xo[duwios asepndadopua onAereoninu) (i-£5 wungns uredordew) (94°66'%€ OF) 1-L0 Jueuodwod dWOSLA0I] IVY DOUd'MS  LOSOVd
SO-H8S't ¥ L16TE  €9F (101dodor urururef py £9/%¢) (0pd) es utejoid fewrosoqur Sof IV pdSEMS  €868¢d
LO-H6T'€ S 61T SE'S (es) (uroro1d yueprxonue dSyroads-fory) (T dseronpar oprxorad Juspuadop-urxopatoryy) | AseprxoIad UIXopaIoNy L, IV IXAL'MS  $0LSEd
S0-a9%'1 14 SY08CT  TST (eroyy urar01d ¢-¢-41) ney url0id ¢-¢-] HSNOW LEFI:MS  91TSed
S0-9£0'9 14 vT6LT  SSY (rungns {s 1030e} uonEMWLS Hodur eLpuoydow) (T-doy) (T-ureloxd Jouqryur 5 aseury ureloxd) eiep/e1ez ureloxd ¢-¢-p HSNOW ZEPT:MS  SITSEd
90-40C'¥ 9 ¥ZE8T  €9'F (1-droy) (1-uterord toyqryur o oseury uraloxd) ewwes uroiord ¢-g-p[ IVY DEVYIMS  pITsed
90-d¢Et'8 9 6108C  ¥9¥ (1-yuz 10308y Ymo13 aareuoidard) (1-dioy) ([-urroxd sonquyur > aseury urdloxd) eyde/elaq uraloxd ¢-¢-i| IV deri:MS  €1Tsed
YO-HPI'T L SLYES 06 (8 dsy) 12q-06 dsy urar01d Yo0ys 1eoH IV d6SH'MS  8S07ed
S0-H09'8 ¥ 16S€r  9L9 (uawexy) (yueSnueoyfe §) (urdroxd ) (pdy) (pddyy) (L 11°¢1T OH) oseuadAxorp aeaniAdifuoydLxorpAH-1 IVY AddH'MS  §SLzed
YO-HEY'1 S €875 0Y'9 (1pe) Josmoaxd m-ulquorpnuy  SNOW €INV:MS  1972ed
€1-91° 6 6£9LE 199 (asEIONPAI-BIAq-G PIOIANSOIN-E-(1)BIP) (9°66°E T DH) 9SeUSOIPAYP-4 PIOIRIS-LIAG-G-0XO-¢ IVY dSOE:MS  0ITIed
90-40T°6 S 060 £€9°S (iged) (uraroxd Surpuig-surydiow ey ¢¢) uraloxd Surpuig-suruejoueyiojApneydsoyq IVY dad:MS  vr0Ted
80-AYE€ 9 19vLC  86'L (er0yp-sse[d 155) (] MNUNQNS dSLIISUEN-S duOIYIEINIS) (ZT-CT I58) (1'T°S'T DF) SIA-SIA oseIdjsuen- ouorgieIn[o IVY TLLO'MS  €1L0ed
80-dSL'8 9 67859 I8V (eydre-goad) (wojosr eydre ‘e yrungns egdd osereydsoyd urejoird) uurojost eydre “yrungns Arojen3ar ey ¢9 ‘egdd osejeydsoyd urajorg VINOH VVVZ:MS €S10€d
90-4¥9'S 8 810y 1T°S (uawSely) (1-ep-j10) I—ey 10108} UOHENIUT dSNOAIEYNY avy 17AEMS  29S6Td
60-H60'S S 9L666  ¥0'9 (12-dqy) (9°1°6"T OH) 9SEUIS0IPAYSP ANL[OJOIPAYEIANAWIOL-0] IVY HALLMS  L£082d
LO-HIS' 9 LLEEY  TTL (oseudS0IPAYAP-T [ONPI-) (F1°1°1'T DH) 9seUS0IpAYap [011qI0S IV OSHA'MS  £98LTd
80-4CI'1 8 1€29%  91'L (eey) (aseuolonIp-1aq) (ase[OIPAY a1e1dde0lae[ATeWny) (T'°L'¢ DH) 2SLI90L0JdR[AIewn,] IVY VVVEMS  €60STd
90-919°C 9 €8EEE 68'L (uawgey) (ssouepoys) (1°1°8°¢ D) ASLIGJSUBINJINS EJ[NSONY], IVY YIHL'MS  67€bed
80-HIT'I 9 LISLE  LOL (eseuosorpAyep utpueseisordAxoipAy) (psy-eydie-¢) (0S'1°1°T DF) 9SEUSSOIPAYSP pro1olsAXoIpAy-eyde-¢ IV HAIA:MS  LSPeed
LO-HSY'T L 1€6LS  86'8 (eseqpuAs e owkzu205 [Kren[SAyow-¢-AxoIpAy-¢) (aseypuds yod-Suwy) (¢ 'y DH) [eLpuoyd0Iw ‘asepuks yod-[Arem(S[AyowxoIpAH IVY WOWH:MS  16LTTd
60-A87'C L 9086C 'S ((AWoo-s) ULIO} J[QNJOS ‘ASBIJSUBNAYIAW-() [OYIJLD SUILIuod) (Jwod-qui) (9°1'['7 DF) WI0J PUNOg-oueIqUIAW ‘seIdJsuenAyow-Q [oyde) IVI LINOD:MS veLzed
S0-489't S SPLIS  8€9 ([ese) (aseuroonsoutsie) ([°¢'¢'y DH) ASLA] AIRULDINSOUIUISIY IVY ATIV:MS  €£902d
80-HSH L 8 66615 6S°L Josanoard urxadowoy IVY OWHH:MS  65002d
60-d70'1 9 S8eLl  ISL (81d) (q aseury dpu) (q ypu) (9'%'LT DH) q dseury Aeydsoydip dpisoajonN IV €AN'MS  10861d
80-H6S' 6 88019 209 (59-dsy) (urerod 12013) (09udo uraoxd) (09-dsy) (09 ureroad yd0ys 1eay) (uruoradeyo py(9) (urroid aikdoydwA] o9d) 14 urelord xXInew [RLPUOYIOIIA HSNOW 09d:MS  9TT61d
80-H9C'1 8 6066 9S°S (osedqy) (esejorpAyoydsoyd-1 oreydsoydsiq-9*1-esoroniy-p) (11°¢"1°¢ OH) osereydsoydsiq-9*1-osoroniy IVY d9TdMS  TII61d
80-490'9 9 19thy  68°L (e1-q1d) (uaSnue pajejer-uiseqoid) (aseuorypeisko-ewwes) (14 DF) dseA[-ewwes dutuonyeisk) IVIIOMS  LSL81d
60-966'9 L 06997 €L (¢o junqns xo[dwos asepndadopud onkejeonnu) (ureyo ewwes awoseajord) (6o yungns uredordew) (94°'66'+'¢ DF) SO Iuduodwod sawose)oI1g IVY SOUd:MS 12¥81d
90-H9¥'1 9 60S8C  9'S (ads) (6T 1'1'T DF) oseronpar uudideideg IVY 24dS'MS  L6T81d
LO-AEL'T S 6917  S89 (aseIojsuenOJ[NS 191s9-2UIS0IA1) (ANSE) (Al dserdysuenojns [Are) (aseunyojns) ([-1sd) (aserdysuenoyns joudyd) (['7'8'7 DH) selysuenoyns [Ary IVI IVNAS:MS 886L1d
90-H0S'1 S LLTOY 009 (tonqryur sseurojord-{-eydie) (ursdAnnue--eydje) tosmoaid oseurajordnue-[-eydpy IVY IVIV:MS  SLYLId
SO-H6E'E S LTS9E  T9 (urpaurtores eydpe-c¢) (1mi-ded) (1t urajord juenSeoonue [epusdeld) (111 uniododiy) 11 UXUUY IVI EXNVY:MS  69971d
S0-ave'T S 0LL6Y  ¥E'S (1sy) (pareror-urajord yo0ys 1eay dyroads-snsan) (¢'0L urel0id o0ys 12ay) g uror01d ey (L PAL[2I-20US JESH IVY TLSHIMS  659vId
YO-H¥9'1 S vILFS 656 (eserewny) (7'1°¢'y DH) 10smda1d [BLPUOYIONW ‘IsBIRIPAY derewn,] IVI HNNLMS  80vvId
TI-98¢$'S 8 9€56T 66’9 (111 aseyepAyap euoqred) (1'1°¢'y DE) 111 dseIpAyue druogqre) IVY SHVD'MS  I¥I¥Id
LOFLE9 9 01L6S  66'F (01 3°) (01 (01 UNEINNOIAD) OT [LIG[NS0IAD 1 2dA) ‘uneiay]  NVINOH [OIN'MS  SH9eld
60-AvL’1 L ovirr  €8°S (oseropuks jourope) (9seIJsuen[ASOudpe AUIUOIYIAW) (9'1°G"7 DH) SWIOoJ €1oq pue eydre asejoyuks ouruorgowAsouspe-g IV TLHN:MS rreEld
60-d1+'C 6 YTy T6'L (asejory) yo)-[KorOX0-¢ [ELIPUOYI0IIW) (IsEIdjsuen]Aoe y0)-[K1208) (ISe[O1y101aY-.1aq) (91°1°¢"T DH) [BLPUOYD0IIUW SSE[OIY) YO)-[KIBOIaY-¢ IV WIHL'MS  LEFETd
LOFES'T L 96LTE  SYL (ura101d Surpuiq-a1e[oy) (0T 1°1°C DE) dSerYsuenAYAW-N UKD IVY LNTO'MS  SSTeld
YO-HI9'T ¥ €079 069 O1d-D (0¥'1°L°T OH) 1/1 sOWAZ0ST ‘aseuny aeanikq IV MADLMS  8T6TId
90-H00'1 S 8€68L  TI'L (urnqo3 Surpuiq [erw-[-e1aq) (ul[iydoIaps) 10smoald ULLIQJSULNOIS IV HILMS  9vETld
80-4LS'L L $969S  TO'L (ze-ypie) (1Upre) (¢ ssepd) (¢'1°C 1 DF) [BUpUOYO0NUW ‘dseUdS0IPAYAP apAYaplY IV WVH@MS  +8811d
01-36S'1 6 €YOLS  ¥1'9 (z-b) (oL-dmy) (8¢d) (uraroxd [ewosorotw e 8S) (09d12) (IH°€°S 99) 09-YH dserowos! apynsip utajoid jqeqoiq IVY 0999:MS  86STId
€1-dely 8 SS6S1 ST6 WLIOJ-IOUIU “UTeyd BI0q UIGO[SOWDH IVY cddH:MS  LISTId
90-9SL'T S 79T 09 (T'1'1°C DH) dseIojsuenAyiow-u djeixdeouIpiuens IV LAVO'MS  89801d
o191l o1 1€L19  $0'8 (Up3) (¢'T't'1 DH) oseuasoIpAYap deweIn[y IV €HHA'MS  09801d
60-d¥E'L 6 688Ly 1S9 (eseAoyope) (ase[oIpAY duralsKoowoy-[-[Asouape-s) ([["¢'¢ D) aseutalskoowoyAsouopy IVY HHVS'MS  09L01d
o1-geLe 6 81€9S  60°S ($€'1°9°¢ OH) 10s1n021d [ELIPUOYL0IIW “UTEYD ©12q OSEYUAS J IV IVY ddIvV:MS  61L01d
11-366°6 9 6S6L1 618 (1¢d) (ur01d Sutpuiq-e uriodso[d£2) (e ur[iydo(oAd) (asewrelon) (oserdd) (§'1°7'S DH) € dserowost suen-sio [Kjoxd-[Apndad IVY HdAD:MS  [1101d



M. Fountoulakis et al.

34

pajeotpur are yoreas urajoxd 10] pasn oseqerep 9y pue urajoxd
) JO SWIBU PAJRIAAIQQE ) ¢, UISJ01J,, UWN[OD 3y} U] ‘uAIS a1e Kinpuaprt ursjord Suoim e jo Juswusisse jo Apiqeqoid ay) se [[om se ‘sanea [d pue Iy [eONRI03Y) Y T, "aseqeep JOMd-SSIMS U} JO s1equnu
UOISSOI0R J1AY) 1M PajeuSISap oIe pue ¢ "SI Ul pajestpur a1e paynuapt surajord pajoaras Sunuasardar sjods oy, “(seyojewr) [ 9[qeL, ur pa)siy st sopnded Suryojew jo roquinu oy, “JuswuSIsse AINUapI ue 10§
paxmbai arom sopndad Suryorew 4 13 1V (6661 8 12 IpuIag) 21emijos padofaaap asnoy ur yyim pauioprad sem saseqerep ursjord ur yoreas ay [, “ursdAn yyim uonsasip [o5-ut Suimoroj ‘SIN-40L-IATVIA
Kq pagnuapt pue sisasoydonossfe -z Aq pazATeue a1om surejoid 9y [, ‘SPOYIaW pue S[BLIJBIA] Jopun paqrIosap se sisaroydondfe aaneredard £q pajeredos pue paredord a1om I9A1] Je1 woij surajold 91j0501L)

80-48€'9 9 €661S OL'S (yes) (esejorpAyourure auruens) (oseurwe duiuens) (aseuens) (¢'4'¢'¢ DH) SSEUIWESp dulueny IVY avno:ms 9LLM6D
90-921°T S 90STT L8 (9919208) (9919 dwiAzua jueprxonue) (ozdwd aseprxosod urxopaory) (did) (swikzuo jueprxonue [ewrosrxorad) (A-xid) [ELIPUOYDONUI ‘G UIXOPAIIXOI] IV SXAd:MS £90460
S0-HS8'S 9 86 €0'L  (esepndedourwe [£joxd) (¢'11t'¢ OH) (esepndadourwe durjoid) (asepndadoutwe [£onay) (esepndedourue suronap) (111'%'¢ OH) dsepndadourue [0soIkD HSNOW "TdINV:MS LAID60
90-48S'1 L 890¢S 959 urjoud Suipuiq-wniudpes  LAIASOILVY ULMS LATIA8D
CO-dSS'8 14 890LT 4SS AN jiunqgns mwmvuOuQ uﬂ\ﬁwaﬂu:_:ﬂ: .«O uoﬁﬂ\/ﬂuwv AﬂwNva Adﬂvh—wNﬁmw Aﬁ::@:w 8)9Q-87 I0jeATIOR OEmevuOuQV ¢ nungns xD_QEOo JOJRATIOR QWOSBIOIJ .—.é\Nm—mnﬂgm wmhmco
CO-HES'T [y 0€L8T 06'S : junqns vmau..mvum oﬁ\ﬁm._.mo_.:ze Jo uogmi..omv AawNva ANSQQWNNQV QE:Q:m msmﬁdeN JojeAnoe OEOmmoHOuQv T unqns xu_QEOo JOJeATIOR dWOSBA0I] ,Hé\ﬁm—mn—ugm bmhmog
91-d68'8 6 €ceTe 618 (¢zdquy) (urerord ey ¢g Sutpuig-oway) (g aseyonpar aprxorad juspuadop-urxopaiory) g dsepixorad urxopaioryy, IV TXALMS 91L£90
$0-dP€’1 + v1v6t L6V (eyes Sojowoy urajoxd Surpuiq-jey UEEuO%ﬂ.EB%\:oo oedorewrads) (1-dqy) (1 urajoxd Surpuig-1ey) eg junqns K1oyendar asesjord §97 IV VSId:MS 695€90
90-491°S 9 60€LS 0T'L (dyp) (eseutoyuepAy) (esedyp) (z'z'¢'¢ Od) dseurpruuidorpAyrq IV SAdA:MS 0S1€90
70-H68'1 S 68SLY  6LY (uowsely) (1dqes) (1 utalord Surpuiq-wnid[ed) (1'4'¢'S JH) ¢d eserowost apyusip urajold sjqeqoiq LV SdIA:MS 180€90
90-9S0°C L 8€T8S %G (170woid uonesofsuer) 101daoar-prooniodoon[3 pajenuns-die) (Y3) (eseurjoroA|3) (asereysuenoydsoyd-¢ [0100K[3:4.LV) (0€1°L'C DH) 2seury [0124[D) IVI IdTIO:MS 090€90
90-dC8'L S 9001C ws (HdAL D ungo[s-ng-eydry $TOL9O IV ALMS ¥20£90
80-H9L'C 9 $68€S €8°C (e Opuo UNEIN0IAD) (§ UNEIANOIAD) § [EIRENSOIAD 1T 2dA) ‘unerosy IV 8OTA:MS 86L010
60-dLI'T L LE6EE  TES (o1) (uroreongar) (Og-dus) (¢-ura101d IoyIEW AOUIISAUIG IV 0SINS:MS 9€€£00
90-d1¢'8 S St 069 (ase[oIpAyopiwe duiue|e-ejaq-[Koureqred-u) (aseypuis sutue[e-e1dq) (9°1°¢'¢ DH) eseuordoidopram-ejog IVE dNg:MS 85200
11-9$6'C o1 9778 tT8 (ypsww) (L7171 OH) (Sune[oe) 10smda1d oseud5oIpAyop apAyoplerwas—ajeuo[ew AR IV VSININ:MS £62200
[48:G 49 6 €LOEE  6T9 (sw) (Z'1°8°C DH) dserdysuennyins deaniAdoidedsdy-¢ IVY WIHLMS T€SL6d
SO-H9T' L 9669¢  T0'8 (¢ esedsn) (g dsdpn) (g sse[Aroydsoydoikd asoon[s-dpn) (¢'L°L'7 DH) T dserdysueniA[Apun dqeydsoyd-{-es00n[3-d 1N OId”2ddN:MS €0€6Ld
90-50°1 S €909 91°S (9¢dez) (uraro1d pajeroosse oueIquIdW d[nueId USSOWAZ By 9¢) (Al UnI000dI) A UIXOUUY IV PXNV:MS 092SSd
60-9€TE S 800ST LES (dqiq) (uraroxd Surpurg-pidiy ureiq) (dqey-q) urerq ‘urajoxd Surpuiq-proe Aneg IV davaMS 1505Sd
90-H61°1 9 0r0S€¢ 18 (-1°8°C OH) esexqjsuenogns duisoikl/edoq IV AANS:MS L¥8TSd
wo.@amo 0 wamm OC© Aomwhv.*m:n\zo.tﬂﬁ OEC.:mOV szwt&m‘_m.:umc\;mu ,vmwhm.*m:w.:nd_:mv :Lmov A#.N.W.N Umv 1 E\_O.*Cw« nwmm\_o.*m:mbc.rzw :owc\zmm— FA\MI_ODm”gm ?wwNmn—
60-H6£°C L oceyl 6£'8 (urejord afqnios proe drjoxydrad) urejord toNqryur [euone[sUR B §H ] IV PINMS 65L7Sd
SO-H9T'E 9 6878  ¥iL (0¥'1°L'T OH) SWAZOSI I “aseuny eanikd ASNOW CAdM:MS 08+2sd
60-4E6'7 L 88YS 6L (ypres) (sseuaSorpAyap [eunal) (I sse[d ypfe) (¢'1'¢' 1 OH) ¢ d1[0s0IKd ‘aseusdoipAyap opAyaply IVY IVHA:MS LY915d
LO-H6S'S L 6LS9€¢ €€L (swiAzua Suronpar-5p-¢) (aseionpar apAyapre) (¢'1°1°1 OH) ((+H)dAVYN) 2seusorpAyap [0yod[y IVY XATV:MS S€916d
YO-HE6'T S 09zse €L (uowgely) (nuys) (oserojsuenAPOWAX0IpAY ouAS) (asefAypow duLIds) (171 DH) JIOSOIAD ‘dSLIJSULH[AYIWAXOIPAY duLIg HSNOW DXID:MS 1€70Sd
60-H0E'1 8 7686 €69 (1msey) (787 OH) oserojsuenofns sure|£reAxoIpAy-N IV OVNS:MS L£20Sd
80-H6S ¥ 9 8601L 9 (urpeysown) (oLdsypuw) ($2dqd) (. ureoxd Surpuig-apndad) (¢, dis) (urejoad pajensar 950003 ey GL) 10s1n0a1d ura10xd ()£-SS21S [ELPUOYIONN IV SLIDMS 12L87d
01-368'1 L S8TLT 89 (wm) (1°1°¢°S DH) oserdwost Aeydsoydasorry, IVY SIdL:MS 00S87d
11-350°6 6 9b8TE ILs (oseuaBAx0 e[IUeNURAXOIPAY-¢) (9SEUISAXOIP PIOE SIIuRIUBAXOIPAY-¢) (0BY-€) (9 I["E1'T DH) dSLUISAXOIP-H*¢ de[IUeIfIueAXOIPAH-¢ VI OVHEMS £5697d
SO-H9Y' 1 S SILEE 909 (eseonpai-eyde XI-UIPIAAIIG) ($T°1°¢" T D) 10SIn021d & 9SEIoNPaI UIPISALIE IVY VAIL:MS 789%d
wo.mmmum;v m cwm&w OO;V A=_Ec\a m:ﬁ:mucoo :_mO_N\C CE:Q:m bmm Mmmﬁ:NAATNva mm_v AUmNQHN \_MC osed LV wnnonar omEmE&OU:m [euonisuedr], .ﬁ<~wl<~wm—,ﬁ“3m NG#G#&
SO-H9S'1 S L6STS 8PS (s-ys8) (eseroypuAs yss) (sseyiuks suorein|s) (¢7¢°¢’9 D) OsEIdYIUAS duoryIEIN[D IV GHSD:MS €1¥9vd
S0-H$9°'T ¥ 87L81 91’8 WLIOJOST S[OSNW-UOU ‘UI[YOD) IVY 1400:MS T6SSPd
Anpqeqoid SAYIIRIN MIN 1d Qweu [[ng uroid JoquinN

(panunuod) 1Iqey,



Enrichment of low-abundance liver proteins 35

products appears to be relatively low in comparison with
the proteins identified and this is because spots representing
the same protein were present in several gels.

The identification was based on 4 to 13 matching pep-
tides. Proteins of low molecular mass, which deliver few
peptides (Fountoulakis et al., 1998), were usually identified
with 4 matches. The average molecular mass of the proteins
identified with four peptides was 30.7 kDa and those identi-
fied with nine or more matches 54 kDa. When the identifica-
tion was based on seven or more matches, the probability of
a wrongly assigned identity was usually lower than 10~7. In
Table 1, the proteins identified in selected fractions of the
preparative gel are listed together with the theoretical MW
and pl values and data from the mass spectrometry analysis,
i.e. the numbers of matching peptides and the probability of
assignment of a random identity. The spots representing
proteins identified in selected fractions of the preparative
electrophoresis are shown in the gels of Fig. 3 (not all protein
identities are shown).

Discussion

Genomics and proteomics are high-throughput technolo-
gies, which can easily generate toxicity patterns, i.e. altera-
tions in gene or protein levels resulting from the effect of
toxic agents, an information which can lead to drug toxicity
prediction (Steiner and Anderson, 2000; Fielden and
Zacharewski, 2001). Early detection of toxic effects of drug
candidates increases the performance of the drug design
process and the safety of pharmaceuticals. An unambiguous
relationship between toxicity and gene or protein pattern
derangement has not been established yet. Up to now,
mainly model compounds, such as acetaminophen (Qiu
et al.,, 1998; Fountoulakis et al., 2000), thioacetamide
(Dogru-Abbasoglu et al., 2001) or carbon tetrachloride
(Stoyanovsky and Cederbaum, 1999; Fountoulakis et al.,
2002b) are usually administered to animals and tissue
samples are analyzed by employing the new approaches
for the generation of toxicity databases, which will function
as a guiding cue in predicting toxicity in similar cases. To
facilitate the performance of toxicity studies and the inves-
tigation of animal models of human diseases, we con-
structed two-dimensional databases for rat and mouse liver
cytosolic and mitochondrial proteins (Fountoulakis et al.,
2000; 2001; 2002a; Fountoulakis and Suter, 2002).

We have applied proteomics technologies to study
changes in the levels of liver proteins of rats treated with
carbon tetrachloride (Fountoulakis et al., 2002b), of mice
treated with acetaminophen (Fountoulakis et al., 2000), as
well as changes of brain proteins of rats treated with the

neurotoxin kainic acid, a cyclic analogue of glutamate
(Krapfenbauer et al., 2001a). In all cases, the differential
protein expression studies revealed the presence of signif-
icant derangements in the levels of a series of protein
classes, following administration of the toxic agents.
However, analysis of the proteins of the main subcellular
fractions of a system is not sufficient for the detection of
the majority of the low-abundance gene products which
are involved in toxicity pathways. In previous studies, we
have pointed out the necessity of applying chromatogra-
phy steps to enrich low-abundance proteins of various
organisms prior to a proteomic analysis (Fountoulakis
et al., 1997; Fountoulakis, 2001; Krapfenbauer et al.,
2001b; Fountoulakis and Takacs, 2002). Here we applied
a combination of subcellular fractionation of liver proteins
and subsequent enrichment of the proteins of the cytosolic
fraction by preparative electrophoresis.

The present study resulted in the identification of 140
proteins from the analysis of selected fractions collected
from the preparative gel. Low- and middle-molecular-
weight proteins were preferentially enriched with this
method. Proteins with a theoretical molecular mass below
25 kDa represent approximately 21% of the proteins listed in
Table 1. In comparison, the corresponding proteins identi-
fied from total liver extract represent about 18% of all iden-
tified proteins (Fountoulakis and Suter, 2002). The method
was efficient in the enrichment of low-abundance liver pro-
teins and of certain high-abundance protein classes, like
glutathione S-transferases and 14-3-3 proteins.

Preparative electrophoresis appears to be very efficient
for fractionation of cytosolic proteins. Fractionation of the
microsomal proteins, after solubilization with 1% LDS, on
the preparative gel was less satisfactory in comparison with
the cytosolic fraction (data not shown). The membrane pro-
teins are most likely forming strong complexes, which can
not be disrupted by the resolving power of the preparative
electrophoresis. In addition, hydrophobic proteins may have
been missed during the 2-D gel electrophoretic analysis, as
they do not enter IPG strips (Fountoulakis and Gasser,
2003). Other limitations of the approach are the relatively
low recovery of total proteins eluted from the preparative gel
(about 25%) and the inefficient enrichment of large proteins.
Furthermore, a general limitation of the 2-D gel analysis of
chromatography fractions is that proteins strongly enriched
in certain fractions are represented by multiple, strong and
often overlapping spots, which suppress the signals of co-
eluted, low-abundance proteins and consequently the detec-
tion of such proteins may not be possible during the analysis.
With exception of the high molecular mass proteins, which
were not efficiently enriched, all spots present in the 2-D
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gels from the starting material, were also observed after
performing the preparative electrophoresis step.

In summary, we applied preparative electrophoresis to
enrich low-abundance liver cytosolic proteins prior to pro-
teomic analysis. The approach resulted in the enrichment
of low-abundance proteins and of glutathione transferases
and 14-3-3 proteins. Mainly small- and medium-size pro-
teins were enriched. Preparative electrophoresis offers
unique advantages over other fractionation methods and
can be included in an efficient protein-enriching scheme.
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