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# E: RAHCG2., Cy3 M CyS RAEMIRILEH, BT AR BY M HaCaT 52 2, 4- i EXHR
( DNBS) FISHT 5 13 ] i 3 2 7 Bk B L 3K (2D-DIGE ) B, B 41PATREASN 3. BIRRAFE ORGSR
Deep Purple #4T JG 24 (Post-stain) , DeCyder & & /W3R A E BB EEI9R R 1 200 MU EEHR A,
B EMLAEBZNMHFEELRRSAF 846 I, HPHTANMHREEBLAS0% UL, RIHEBEXEE(P
fH/NTF 0.05) , FIF = ROBAR G — B 25 B B R i (HPLC - nESI MS/MS) FiTh %52 5 MRBEAKK R4
R X G AR TR B AE 26 (Cxor26) . ANHH4> T#E18 23 (PTGES3) |, $5iHE H (CALM3) | MIIREHREHE 6
(MYL6) M m AEX EH 1(BANF1) ; 2 MRATHE AR AL HEHFEMETF B k% 2(TCEB2) M
R EH [23(RPL23) , Bk MYL6 #RE 5 R REM AR, HEBEHSEKRERNRRBRHRTR, &
R 7 NEFRIAE AN DNBS BUEBUE RN E KRR R THENENER,
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Detection and Identification of Differentially Expressed Proteins of HaCaT Cells

Responding to 2, 4-Dinitrobenzene Sulfonic Acid Stimulation Using
2D-DIGE Coupled to HPLC — nESI MS/MS

SUN Ming-zhong', YANG Fan®, HOU Zhi-jie"*, GUO Chun-mei'?, GUO Yi-meng'*, LIU Shu-qing’
(1. Department of Biotechnology, Dalian Medical University, Dalian 116044, China; 2. Department of Biochemistry,

Dalian Medical University, Dalian 116044, China)

Abstract: Protein fluorescent dyes, Cy2, Cy3 and Cy5, were used to label protein samples. The
protein integrily expression profile of keratinocyles cell HaCaT stimulated by 2, 4-dinitrobenzene sul-
fonic acid( DNBS) was probed using two-dimensional difference in gel electrophoresis(2D — DIGE).
And the differentially expressed protein spots were compared and selected. Triplicate samples of pro-
tein extracts were used for both the control HaCaT cell and the DNBS-treated HaCaT cell. Following
the 2D — DIGE, the master DIGE gel was post-stained by using Deep Purple protein fluorescent dye.
The results indicated that over 1200 protein spots were averagely resolved on each DIGE gel by DeCy-
der software analysis. 846 protein spots were matched for all three gels. And seven protein spots
were found differentially expressed with the level above 50% due to the DNBS stimulation with statisti-
cally significance( P <0.05). A proteomic approach, high performance liquid chromatography com-
bined to nano-electro-spray ionization tandem mass spectrometry ( HPLC — nESI — MS/MS) was used
for protein identification. The five up-regulated protein spots were identified as chromosome X open
reading frame 26 ( Cxorf26), human Co-chaperone P23 (PTGES3), calmodulin( Calm3), smooth
muscle and non-muscle myosin alkali light chain 6( MYL6) , and breakpoint cluster region protein 1
(BANF1). The two down-regulated protein spots were identified as transcription elongation factor B
polypeptide 2( TCEB2) and RPL23 protein, respectively. Only myosin has been reported to be asso-
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ciated with certain skin disease. Those seven protein candidates identified by current work might pro-
vide some useful clues for the risk assessment of skin diseases originated from occupational exposures
to chemical carcinogens such as DNBS.

Key words: 2, 4-dinitrobenzene sulfonic acid; occupational exposure; 2-dimensional difference in
gel electrophoresis; HPLC — nESI MS/MS; HaCaT

BB CRATEEH AR BRI FERR, RRBRERE LI EERLBR, X5REE
PERIR, RAMREATIER BAHDS,; MEMEA TR ZHEASEMEREAR, WEBUBYRK
[V A A A BN R RS R ORI 2 —

PL2, 4-ZTHEIRGEER (DNBS) MUK FITHEMR AL 2B, E848 . Jurl TRk )
EAEH, WElRSEEEE. RERE . SESRREE Y, FAMEL T AKPERZESALRFEMK
EEMASBEY, RRE, S8R RGO RRR MR HER KPR B
Yidil B RR gL, B85 B RO B R HROE

ABFFT AN A R B4 M HaCaT %1%, X 2D-DIGE 1 HPLC — nESI MS/MS Hi AR BMEE T
DNBS HI¥# T HaCaT AIMREZIMEA ST, ik HaCaT N2 DNBS R MG EEMAEH,
& X Qe ARTFBUR B HE 26 (Cxorf26) . N34 T8 23 (PTGES3) . F5HEH (CALM3) . NIREARHE
6(MYL6) . Wi i NEXEH 1(BANF1) | ¥ RIEMEKF B IksE 2 (TCEB2) MAZ ¥4 E H (RPL23),
BT 4E N DNBS 84k 2 B iR b 32 fib o Bz Bk &k 2B R BRI AR S,

1 SCIGERS

1.1 RFI S5

RPMI 1640 F1 54 L3 ( Gibeo AT ) ; 41 i BLf# W ( Proteoprep™ Universal Extraction) . DNBS., H&
(99%, Sigma A¥]); Cy2. Cy3. Cy5 H Deep Purple e}, JRE. Bilk. IPC ZMH M. IPGC R4 [24
em, 310 NL(3EL:bE) 1. “BiABIME(DIT) . BUZBERERIBRIRALEE (CE Health Care A7) ; MK E1HS
(Promega A7) ) ; HPLC /KF Z iE (3£ H Brodick Johnson 2H] ) ,

IPG phor [ & HLE X, Dalt 6 H kI, HPLC. Typhoon 9400 ¥ It R AT HE L. DeCyder 6.5 &
4. Ettan™ Spot Picker( GE Health Care AF]), C, KM EILEHFE(75 pm x 15 cm, Dionex A7), LTQ H
1% 55 £ B R 1% X ( Thermo Electron Corporation, ),
1.2 #RRIESF

HaCaT FI 4 10% f 4 L5 () RPMI 1640 3% 3%237E 37 °C. 5% CO, P53, L4, B4
(/0 DNBS) #1 DNBS 4340, HaCaT 7£37 CH15% CO, F#¥E 18 h, DNBS 41£:0.05% DNBS #55F2 h,

1.3 #AMREFREIN

712 HaCaT fIH I3 FRM, AR Ca®' . Mg MBFREMBEYES 3 K, 78 10% Ja4-MiE 1 RP-
MI 1640 HH#8H 6 h, WEMHZ 0.25% REEEIEK, 12 000 r/min B0 15 min, FEEFR, K
a4l PREA Tris - HCl ZMYR (20 mmol/L, pH 7. 4) ¥tk 2 IR, REMARKBRESH K, K
WA, EHSs, HE10s, 15 MEF, FE4 CFLL20 000 g B0 15 min, WEEEWR, B4
FEREAS R 3, Jhe ABARS, 25450k C1, €2, C3. DNBS1, DNBS2 fil DNBS3,

1.4 WEKRAZERERBEX(2D-DIGE)

F 50 mmol/L NaOH %536 &-FE & pH EIFE 8.5, BT HIFHIEAFR(Ins) (K 1), LA 400 pmol
CyDye : 50 pg AR WHIBATH R, AR SHAEARAEY 150 peg SHRIEHNEORE, EXR
[5 -6]15E/%FHEAERM SDS PAGE(12% ) B3k, KH Typhoon 9400 3 SCREVE B BB, Cy2. Cy3 FI
Cy5 HIB R/ R 5B 43 4 488/520., 532/580. 633/670(nm/nm) , 3% Deep Purple 7% 5% $ukl Xk
BARARTELRED Y, B DeCyder 6. 5 WA EBREGBTEARSRUMEL, KILE, £4
FEARAFEERN, S TFEMNFHARHE, IBERREAEAR ARSI (Student ¢ 1) ,
KEEZRAT 1.5 (P <0.05),
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# 1 2D-DIGE B FEMA MR KB
Table 1 Compositions and gel assignments of six samples for 2D-DIGE

Gel Cy2(Ins) * Cy3 labelling Cy5 labelling Unlabelled * *
1 50 ug 50 wg Cl 50 pg DNBSI 150 g
2 50 ug 50 g DNBSI 50 pg C2 150 g
3 50 g 50 pg C3 50 g DNBS3 150 g

* the mixture of 8. 33 pg of each samples from C1, C2, C3, DNBS1, DNBS2 and DNBS3; i % the mixture of 25 pg of each samples from
C1, C2, C3, DNBS1, DNBS2 and DNBS3

1.5 ZERFIAFHH HPLC - nESI MS/MS £

PIME AR SRS E T 0.5 mL EP B W, &XHER[5 -7]#TEEHEM# ., HPLC Fl nESI
MS/MS &2 B CER[S -8], A X BB TurboSequest Bioworks MK R5E: MEBRAEIREN
+1.6; MS/MS B2 KiRZEN £0.8; Xc HEHEMIA 1.9, 2 MM 2.5; EEAKNERIET 107,
RWKER S 2 MU EN A B RS R,

2 ZER51Fe
2.1 DNBS ¥t HaCaT fiE R KA LT

3 Sl KT B (0 B BE A4 B M 1337, ’@— L& =
120511 169 4, BHA—B(RE 1), Cy2, "" S ! 2 =
Cy3 1 Cys R R MESHBEKERMAR, A— = : "2l k-

B ERTFEIETHRE 3 MM B1A BRI C 2 .
AARB 1 L3R Cy2 FRid AFR, Cy3 frid X B [

AR 1. GS IriRALRAM R DNBSI f0F | B
%, DEE LRI ANMEBKBM, B SHE .

L BB 2 HEERR (1 337 AN AR), BVA BARIT '
BEAFRMBE A, FRR EEILES 2R AHR . ‘
HE MBS 846 1, ¥ Deep Purple f5 4t ST

K144 DeCyder 3443 B AL i f¢ B 2& BB =
(B1E), #heT 71 MERRIA 50% UL EHBE
Ak 518, 999, 1128, 1132, 1142, 1174 M
1179 (B 1F), & A B & 518, 999, 1128, o L G
1142 1 1174 Ri& B, 1132 M 1179 R &

B 1 HaCaT 4 f2F12Z DNBS 4b# ) HaCaT

T, b S e s 48} ) 2D-DIGE %

B B EOR b 8 R i 5 AR Fig.1 2D-DIGE images of HaCaT cells with and
KEAEFRME T BmRABARFEEGE T, A without DNBS treatment
;i‘é );H 2D-DIGE E}%T DNBS j’f‘: 'ﬁj HaCaT gEH B@ = A. gel image of Cy2-labelled internal standard; B. gel image of

Cy3-labelled HaCaT cell; C. gel image of Cy5-labelled DNBS-

RREFONSEMEE, HRELE§3 A treated HaCaT; D. overlaid gel image; E. gel image stained
ﬁ ntﬁ , {ﬁ B»% T Hﬁ? Ij‘] % ﬁ: ; Z: Iﬁuﬁ Hﬁ? I‘E—,J _5'[ ]\*ﬁ ﬁ with Deep Purple; F. differentially expressed protein spots
Wi, HERTREREKER, 2L HFHERME. €&, B, RAILKE, 8 Cy3/Cy2 & Cy5/
Cy2 LERBITER, NEAREERKRIE SR 7% B¢, ALZBERAFRIZEEX(P<0.05), =
FRIL50% U BB, PR T ERGRI R, BRGHEAKA Deep Purple, R GL AT
HHE3ANMHES, HANTEEEARELE" S, AUARTELE5RLATEEUHSETEE, &
RATAE, NARERMGRA, FANERT Cy ebEdEREEORMATREERK S5 KRE Cy frid
MFE—EAEKTBERIZER" S, #—DRE T LR RO TR,
2.2 ERRIEEAEER HPLC - nESI MS/MS £

7 ANMEHRATE DIGE B ERRW 4 FEAN RIS LEEHNERS FEVERE, BEHRA
1179 3 pI A 11.0, THZERR ERRM pl A4 6.9, XA R ETEARKEFS B FEH
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pl RAKAED 78, BREEBA 1179 4, HL6 NMEAKAKNER pl MILBNE pl ME R, RAK
#1518, 999 1128\ 1142 F1 1174 ik 2 B L 50% . 60% . 80% . 50% F1 80% ; 1132 Fl 1179 43 5l
T8 100% F150% (W32, P<0.05), HPLC —nESI MS/MSP 8 R HETBE AN EALE I, WH
NN — R FREE R, &R, 518, 999, 1128, 1132, 1142, 1174 i1 1179 £ nESI
MS/MS %524 Cxor26, PTGES3, CALM3. TCEB2. MYL6. BANF1 il RPL23 (£ 2), 1128 #4E X
Calm3, MS/MS #iZ H 7 A~BkB. MKD TDSEEEIR. LTDEEVDEM * IR, M % KDTDSEEEIREAFR. DTD-
SEEEIREAFR . VFDKDGNGYISAAELR. LTDEEVDEMIR, EAFSLEDKDGDGTITTK #1 EADIDGDGQVNY-
EEFVQM * M + T AK(HH « BRBREHEN) (AE2 5E 2A), MS/MS {5 BEFEREK D FRE.
Frfr EMEE R, K 2B £JkB VFDKDGNGYISAAELR ) MS/MS B, BB S TH y R FURE i,
@‘%Yh Yi~ Yan Y5~ Yo~ Y7~ Ysn Yon Yo~ Yu~ y12$ﬂ Vi3 b RIVEE R AR bs. bg. b;. bg. by,
biow by by M bys; FHIMERIR] by T by, FKBE LK v, 1 b, BRI, 5B F5 5%
EYE,

2 ERRIZFEARK HPLC - nESI MS/MS X &4 5
Table 2 Differentially expressed proteins identified by HPLC — nESI MS/MS

Spot No. Fold change® P value® * Accession Protein description Matched g Sequence Protein
No. *** peptides coverage(% )  probability

518 1.5 1.6 x10~* 30354299  Chromosome X open 13 26.0/4.57 51.0 4,00 x10°12
reading frame 26

999 1.6 3.7x107* 9257073 A Chain A, Crystal structure of 4 15.1/5.0 38.0 6.44 x10 2
human co-chaperone P23

1128 1.8 1.1x10"* 58218968  Calmodulin 7 17.2/3.90 54.0 2.00x10°"

1132 ~2.0 1.6x10"2 6005890 Transcription elongation factor B 5 13.1/4.58 35.0 8.00x10"°
polypeptide 2

1142 1.5 2.3x107* 88999583  Myosin light polypeptide 6 10 16.9/4. 41 53.0 5.00x10°°

1174 1.8 4.5%x1072 3002951 Breakpoint cluster region protein 1 7 15.5/6.13 37.0 1.00 x10 712

1179 -1.5 2.8x107% 38571606  RPL23 protein 2 14.9/11.0 24.0 5.00x10 "

* indicates protein expression fold changes between DNBS - treated HaCaT cell and the control HaCaT cell, 1.5 and —1.5 represent 50% in-
crease and 50% decrease in protein expressions for ireated sample relative to the control; * * P values are for the statistics analysis of the gel spots;

* * * represents the gene identification number

WM
79,50,

L[ | l [ |

Protoin:
MADOLTERM AEFKEAFSLF DRDGDCTITT KELGTVMRSL GONFTEAELD
DMINEVDADD LPGNGTIDFP EFLTMMARKM KDTDSEFEIR FAFRVEDKDG

NGYISAAELR HVMTNLGEKL TDEEVDEMIR EADIDGDGOY NYEEFVOMMT

AK
MH+ Mass AA AA -8
Protein Coverage: 056 47 5 sh 15-22 526 =
£ o 1844.89 10,76 15-31 1118 = o
‘[:j}:m'm i 805,42 470 12-38 4.61 =
] : ek 480,68 8.63 79-90 7.80 S50 a
BTN, 135260 789  R0-00 734 T Sg 4
LEE I855.85  10.82  80-94 087 b e
MKDTDSEEEIR 109346 637 R2-40 592 pi 55 =
‘ 159671 9.31 82-94 8.55 & B o®
1754.87 10.23  95-110 10,53 cadli | B=
1349,63 7.87 120-130  7.24
2400.08 1452 131-152 1447 P
3 : 331934 LERL ] AL 400 600 800 1000 1200 1400 1600
E \mm DCOVNYEEFVOMMTAK miz

B2 HOBA 1128 WAL EER

Fig. 2 Protein identification result for protein spot 1128 by mass spectrometry analysis
A. MS identification result; B. MS/MS spectrum of identified peptide VFDKDGNGYISAAELR

2.3 ERTEEEEIESN

TAERRIEEAF, CALM3 M MYL6 A4S H TRFES G EHE ., CALM "] A JE 3 40 L o
BN, WERE A 8 MAPK BE BRI AR A RERA RS, IREARERSS
MPLTBATRREG D AET Y, SHEAREOET LRAARBRARIIRES 10 HRE,
TEB BRI D7 b S pie /Y SRORIUBRER (5 45 8 B 1 76 F RO B M 28 B Rk 45 o A
HRER, —HHEYEIIREMA Ca® WEMR, H Ca’ RBERE, HIBUSHEEAREH
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¥, ARBARESH, ST AMRBLG" . CALM3 1 MYL6 7 DNBS 43 HaCaT 4/ BEmR
1%k, HRERES EEBGHLEERREATI,

| H p23(PTGES3) 2 A#HMRFTLE H 90(Hsp90) WH 1B F, C =R PTGES3 FE DI BAA
A5 Hsp90 54, BT Hsp90 ThAE™ "), PTGES3 BN 17 ku KA E F B, ™E W Hsp90
HEYAEAMBBITPRERY; 5 N3 DYXICL 453K 5 R 5 LR Mo B ek 50, & Seaf
FE KK PTGES3 mRi: 5 A Y R4 i DNBS HififHk, MM S AEX KKEEH (BCR) BAFLER
IRBIETETE . SH2 45 B TE MM GTPase BUEEY:, 7EMIRE ', BCR K mRNA KT if, {H BCR &H
(K B2 ShRE N AT ), A SC 45 AR B BCR (¥ BANP1 & 5 5 HaCaT [¥) DNBS #5455,
TRER R R — MNEERE,

TCEB2 #0385 WA & B 5OR R A FRBRMXY , BERERZEANRERESE
TR R EMK™ , TCEB2 & H 7 DNBS AL H ¥ HaCaT H T i 100% , 5RKERNRER —EH

XT RPL23 5 BE4M SGC7901 £ 25 M A RBFATE H, H mRNA MEH/KFH LR
SGC7901 Afuxt KHEFHR ., FIBE. 5-mRMEEAME K254, W8k AF)', RPL23 #E DN-
BS AtH ) HaCaT AP BE T ( 1.5 4%), & HaCaT IR B R N ATEL, ] 4E% EL DNBS R4%
R BRNFBURE YR B B 40 ML AR 124

A Cxorf26 B Strausberg 2 5 B[ 7 800 N FF AR BEAEH I — 4, VA BREBRFS, TheER
A, A<SEI0REA DNBS A BH B S5 Cxorf26 AKX AKFE L (1.5 %), ¥EHIKBE 134, BE
BEFIBEES51% , BR, CxorR26 5 & k4l 315 HIEH <,

3 & i

BARRZEWIRERIPATE MEILE, A3CGET HaCaT 4 AR, F]H 2D-DIGE A1 HPLC - aESI
MS/MS 4 A% E T HaCaT 40 % DNBS fEFH T ERREEH, kM 7 45 HaCaT AZALEE
FEYRGEHBEMASNED, AEBUEMISER EIRER N RRE T HNE SRR, AN
U T ERABBFRETHEMENERR,
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