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FEE NS EEI H UK 25 A TS A MV R A R, AT LA T CD1 i CS7BL/6J /N B 45 1 P AR 52
IR SEARBNER, H07 7 5RMRICIZHM G E H L. CD1 F1 C57BL/6) /MR & SR L )5
RN RIRAAAEV R 225, 29 FEH (31 MR R) SRMECAZIE A, Horb 24 MR RRIA
BE L, 7 AMEASRE TR, SRS E AEIIRET R 6 25, (1) AR AR g b A1)
REFHSCEE M ; (2) MARFMXEN; (3) FoHRMCEN; (4) ARESAECEN; (5) ZERMRIA
HEHSBAHCE A, (6) fHAEA. X LEZYRIEIZIE AR C R FBAL T X BMRICAZ AL IR, SR ifsE
FAIT ARG S L TR 5.

KA SRR WD A S

RESES  0629; Q51 XEAARIRE A XEHS 02510790 (2010)04-0736-06

) SICICR A YRAAR R L EERE ). ICIC )T B AR T R0 (40 ] % PR 1 R BAE A 3 2
KESE) B RLREIR 1. AR S FHCAC R LRI D AR PR E IR BB — Bl A2 28 | T B
FEHEICA I S o b, W SN RS2 ) An7E Morris 7K B P A IR0 X 321
Y RL D SRR T R — b S RNEAZ R AR, R — AR 2 T B R R
T P AR P RER R AR T B 2 | 1 S RN A% 3 ANk X L s 1 45 2R, i SRS R ( Contextual fear)
TN AR it T X, PR kg A A0 S0 o s LR AR RS e SR A R AR A R AR 5L AR . i
ALIBARIE TR A 7, (A B RTOCFICAZ 28 U RGBT A 5 4t AR AR 2 i
AR IS T A B, ASTR] /N B 2R 09 28 fk il S PR RN S BB AR AE 25 575100, ke A T R AT 55
NI REA R, AR LIERF TR R RN | HHRE CD1 /NRAILAE R C5TBL/6) /INEUAESS [H]
RS TPRRIIAE, $m ENTERMRICIAE S5 P RRIIMAAE 22 57, BN R EUX b2 57 19 5L A
A —LL 0T ARP WA RE (A T RS2t TICACAR G I I RGBT 22 5 A 80) | Sl AL R B 4% il
TCACAE I IR ER (B0 5 R AR E 2kt (R = R RE. I 2 R G RSB I
POl = A S ) e e = Do i ke NI I i S e = T O B8 S S E o s o Ve s BT VA=
B EAR TR CSTBL/6J 138 Fa/INBUFE S ML AR S 06 vh ey HL— Bk am ™, BRI R4
WA S 127 > FCAL /N BUSERY i VR 25 [EAZ BE 1 24k U PR MER B, CD1 /B RO TE
FRCA RS th BB A RE- |, SH MR, CD1 /MRS RHEIZRE Iy 5" . R A
SR FHEE B 2H 5 5 M b8 CS7BL/6J ZNERAT CD1 /R i 554 HERUE (Fear conditioning ) SE56 f5
M RPN 2ER, UURGHAGE S BRSO A S A0 8 5 B H i R A
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10 ~ 14 MR, IR, A RBRARERUK, i EBRsC8 ARt

Ultrafree4 250456 A Millipore 23 73 BEARE Y4 ik 0 & 04 A Bio-Rad 28 F]; & 1 il 900 il 71 0 F
Roche 72 &) ; BEFREFHI 7 T Calbiochem 23 &) ; HAIKHB4MAFIA T Sigma 22 ). Ultimate 3000 Y& AH
%A H Dionex 28 Al 5 HCT ultra PTM BUIEMNE{UZ BLAR G H Bruker 24 A, WA S I 2R3
B SRR S WOCHR[15 ],
1.2 A %
1.2.1 FREAHAME L SISCER16 ] 7k, #5255 2 R U2 Rk il w38 4. B I 2 i
70% CEEERUNZRAR. K/ BB T U ZRA AR A9 o, & 2 min J5, 0 ERIE SR 4T
120 s Z0455 B2 401384 ( 2000 ~3000 Hz, 75 ~80 dB) , 2 min Ji5, FEURZS THFLERTE] 30 s (4985 50
B, B2 s RIS EE 4 0.7 mA AYEEH . HFF 2 min FE FRE 3 WEIIN%. &5 —
WS, 1588 30 s, B2 /N RO R R 7258 . IZRRCR T 24 h SR, /N BRZE U204 s
3 min Ji, MG T 1 IR EE SR, WELR] 5 min NEES s A 2 s 18 BV (freezing) BYTEOC. 18 EHJ&
iz S G905, BRPEEshst, 4B H A RIARE 3 4B kRS, 48 h )5, TEIIIZA ik
— A T A /N BR T2 2T e A YL B .
1.2.2 BEEARBEEE VILLSH6 h g, B/ BUHSHEBLA L PGE A B, s B KR, A
FRERKVE R M, R B I S, S L E TR AR TR, AT -80 C. /N S 7E
1 mL AR MW {20 mmol/L =2 I EFEH BE, 7 mol/L JRE, 2 mol/L Bilik, 4% 3-[ (3-HHmERE N
B) -2 ] -NBER (CHAPS) |, 10 mmol/L — i 7RSI mmol/L Z =RDUZ R, 1 mmol/L 4 F T ok
S, 1B B0 IR 0. 2% BERR EEN I | A0, AMIMEE S E R E 1.2 mL. VKBS 30 s, S
W, ZFEIRFE 60 min, 7F 12 C .0 (150002 )60 min, F Ultrafree4 B.04F 12 C 0 (3000g) B dh B
ZUEBARGL 4 mL, FEFARFLZE 100 ~200 pl, JH Bradford ¥ 5 & e
1.2.3 Xkt 700 wg RS 18 em(pH =3 ~10) 9 NL IPG JRAHEATA5 L IR FE (SR £
HF 200 V, HLEBSE FTHE 8000 V, SRS 4EH51E 8000 V, 3 h) FIFEE 10% ~ 16% B % SDS-PAGE Hi,
VK. U E R E EE T 12 h, ARG & Y0 8 h.
1.2.4  BREGM HEUGEAGE S G, IS EHELL Proteomweaver $FHE1T MG 40 #T,
PR BT 22 52
1.2.5 gl g PIEIBE rh A 2 R R A, B, NEEY), ] nano-LC-ESI-( CID/ETD)-MS/
MS( High capacity ion trap, HCT) ¥,
1.2.6 HAEEHREEEAR EEERE YR, BARBKSEGE XL eS8, EEUREDES
EHAHCECAYE . KRG N Mascot ( http ://www. matrixsciene. com ).
1.3 SEitabiE

SEHBUE 80 + ARfEZE LR, KA SPSSIL. 5 AT EHRAL . LA P < 0.001 IS4
2SRRI,

2 #R5itR

2.1 CDI1 #1 C57BL/6J INREER N

C57BL/6] /NERFEFLH B AR T FLERE J1, 24 h B RV CD1 /N BB s, 1 48 h &
Lt CD1 /)N B b ik
2.2 WEEkEE R KBRS

CD1 F1 C57BL/6J /N B B Rj] o, 1k Bl 3% 28 Proteomweaver 204, 220 474 N A, 153
31 RISA B 2ZERWEAL Hi, cD1 /MBS TAE 7 MEAMKBEE LM, 24 MRA LSRR
BT, C5STBL/6] /NRIGE D A 24 NEH S KB EE LR (CHF 2 NMEA SRS —FEANFE S
SHIIA isoform, i 24 MEFSRE 22 FEM) , 7T AMEAMRIBEETR(ELD).
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Table 1 Identification of differentially expressed proteins
No. Acc. No. Protein name Expression level M, (Theor. ) pI(Theor. )
1 P17751  Triosephosphate isomerase 1 27038 6.90
2 Q9D6R2  Isocitrate dehydrogenase [ NAD] subunit e, mitochondrial 1 40069 6.27
3 Q8BMF4  Dihydrolipoyllysine-residue acetyltransferase component of pyruvate 1 68469 8.81
dehydrogenase complex, mitochondrial
4 P62814  V-Type proton ATPase subunit B, brain isoform 1 56857 5.57
5 Q91ZA3  Propionyl-CoA carboxylase @ chain, mitochondrial 1 80498 6. 83
6 P97807  Fumarate hydratase, mitochondrial 1 54564 9.12
7 Q8K3J1  NADH dehydrogenase [ ubiquinone ] iron-sulfur protein 8, mitochondrial 1 24479 5.89
8 QIWUR9  Adenylate kinase isoenzyme 4, mitochondrial ! 25160 7.02
9 P45376  Aldose reductase 1 36052 6.71
10 Q8BKX1  Brain-specific angiogenesis inhibitor 1-associated protein 2 l 59428 9.10
11 P16330  2’,3'-Cyclic-nucleotide 3'-phosphodiesterase ! 47493 9. 08
12 P51859  Hepatoma-derived growth factor ! 26367 4.80
13 Q9CPUO  Lactoylglutathione lyase ! 20967 5.24
14 Q9CPV4  Glyoxalase domain-containing protein 4 l 33581 5.28
15 Q61411  GTPase HRas 1 21677 5.16
16 P54227  Stathmin 1 17264 5.76
17 Q9D358  Low molecular weight phosphotyrosine protein phosphatase 1 18636 6.30
18 QICWSO N(G), N(G)-Dimethylarginine dimethylaminohydrolase 1 1 31760 5.64
19 P42669  Transcriptional activator protein Pur-a 1 34976 6.07
20 Q60930  Voltage-dependent anion-selective channel protein 2 1 32340 7. 44
21 P47757  F-actin-capping protein subunit 8 1 31611 5.47
22 Q61553 Fascin 1 55215 6. 44
23 Q8CIB7  Septin-11 1 50005 6.24
24 P05213  Tubulin a-1B chain 1 50804 4.94
25 Q61753 D-3-Phosphoglycerate dehydrogenase 1 57347 6.12
26 P15105 Glutamine synthetase ! 42834 6. 64
27 Q9ROP9  Ubiquitin carboxyl-terminal hydrolase isozyme L1 1 25165 5.14
28 P17742  Peptidyl-prolyl cis-trans isomerase A 1 18131 7.74
29 P23927  a-Crystallin B chain 1 20056 6.76

2.3 EREARNRIEEE

X CD1 il C57BL/6J /INERUEE Eh F 15 A7 B S AR A A9 31 AN B 1 s A T AR 06 T 1 A ) B 854 R A %
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Fig.1 Representative 2D-gel electrophoresis
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Fig.2 Category of differentially expressed proteins
The digit around the pie chart is the number of proteins

identified with mass spectrometry.
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C57BL/6] /NRZFP I RETLNEAY B (IR LR, i CD1 /R PE M i 26 D REJE W AR X 45 2. e
ICICRE T 22 5 ] et AN [A] B ¥ 55 2 R A /K BT g RS Y. AR B &R A IR R PR (COGs ) 432, W]
KX Be R FURIEDIREIA g 6 2R (&1 2).

(1) ResA R ERE R IR T REAI G . TN REVEE I 3 11 8 FhYE C57BL/6J /N RUrPis ik,
1 AL, MIAE CD1 /MR 1 Fhim Rk, 8 FiIRRik. TEWETR P AR 5+ #4 i ( Triosephosphate isome-
rase ) AT I ZUHE (Isocitrate dehydrogenase ) FIPN FRR It ZU 4 ( Pyruvate dehydrogenase) H7, R4 /&bl
T 1) O SRR, B A TR R W S A I 74 T 3 O 23R AT A1 | T R WA SRS 1 DG B il
FOE R AT SRR 510 BB T SR OC . ATP 4 (ATP synthase ) X Z0RLIR T B8 1
B RO AR E AR, A4, 1ol IR S B TR A AL o3 i ot d AR A N RS A JRALTE a
%t ( Propionyl-CoA carboxylase ) FlI 4L 1 2 i i ( Fumarate hydratase ) | £ 04 - W 4% 55 25 1 42 A 7R 43
NADH dehydrogenase [ ubiquinone ] iron-sulfur protein 8 (ZkFiEE ) . S5 Wil 7 7% 10 BR T 2 135 ( Ade-
nylate kinase isoenzyme 4 ) ML R ( Aldose reductase) U3¢ B0 H 22 5. Hirp iR H R 1 i A9 2 15 ] ok
% CD1 /N RYZMEICIZRE Sy, 3XSE R P RIATK P AN ) e I A B AR 27 > 102 iy S ARk,

(2) MR BEMEN. WRIRREREE A 2 FifE CSTBL/6] /MRS FRIL, 5 FMIRFRIL. 1
TE CD1 /PR 5 Rk, 2 FIRERIR. ke S 04 18 A6 ) i 57] 1 AH CEE 1 2 ( Brain-specific angio-
genesis inhibitor 1-associated protein 2) Fl 2" 3'-M AT IRBEIR — R (2,3’ -Cyclic-nucleotide 3’-phospho-
diesterase, CNP) 7E415€ | /2 i T 4t S BEHHTE A AR SCBEVE ' %), CNP b T LA 3 1 9 T B e
P MRS A 2 BHEAT AR A2 K IR 7 ( Hepatoma-derived growth factor, HDGF) J&iz sl 28 0 Y &
FEHEF, MR T AR B AT, HAE A 2 i 2RaA 4 B HDGF MG 3 S B
TERT, FIARBENEUR R TeAh i AR 20 IR IR IR TR A 2o iU IR A5 S T P 2 2R T
RS e H K 24 72 i ( Lactoyl glutathione lyase, %l 44 Glyoxalase 1 ) Jg 4% 57 P4 £5 18 /N BRUBE 7Y 8 25 11
0. TREEA 7 {57 B ( Glyoxalase domain-containing protein 4 ) J& T Glyoxalase | . ik 5 %
KK EIXT CD1 /N BARMEICAZBE I A B 58 E . GTPase Hras 972 /IN BN £8 70 % B A5 i v] 9
PSR, R KA R Zon A 2 il nT SPE Y. Stathmin fERHRAS R, HAE 16 (LA FRAHE
MM 2 K B WA ST ST TR 102, S5 0 MR R AR ML fs . A SRR HIR  &51 /)
BRI RIS (LTP) Bl , BUMEICIZRE T TR, TR IRBIE S B fa R e

(3) [E 5 AHCE M. MR & A 4 FIFE CS7BL/6) /NR s 3Rk, ARG T2
fif} ( LMP-PTP) XH {5 BELE R 436 | B5IAR S5 S Mo fl rT 8 e d R Y. P ks e — W &K i
@@[ N(G), N(G)-Dimethylarginine dimethylaminohydrolase, DDAH ] gL FH—SE A S @ﬁ( NOS)
TEPER? R — UL A(NO) FZE L. NO 2 525 ) g Z it 2, X 4ERE LTP 20 e 5 A/ F -
1 % -F PURA ( Transcriptional activator protein Pur-a) TEHBHR 5 T 5 2 b mT 98 1 P RS S AR SCF
FER I S R T e C A rh o VR . vl R AROHSE 74 9] 5 - 6 #5638 1 £ 11 2 ( Voltage-dependent ani-
on-selective channel protein 2, VDAC2) &b Mo Y7, DAEERF SRS R W = 5 a3 (Rl iz A 6 |
TEABEFE th R B BRI 0 S R A, IR (RS R 2 T i DI RE R FE ), W2 T2
HHACIZIE .

(4) HESRA G . IR TIRBEE B A 4 FEE CSTBL/6) /MR R RIA. F L& H e
M AR (F-Actin-capping protein subunit 8) I Z 584 MMl w4 iz b, &t 8 -8
FAEAE FIAEZS [A1EAZ 9 58 il ORI C A2 JFL 30 2 R 0 B4 bR F AR % Fascin 25 ) £ %
iR SSRGS, TR AN B TAT R L 8 0, (408 AR E R L 5858, DA 3 55
LB A B AR H GUE L. Septin Z0M B 2285 1 A TR # R IAXT T B S &AE | RH ik & KX
e I BRI IR RS A 2 R GBI R AR R . ARBIESE R IR, Septin-11
A 1 F ZH R4 Tubulin a-1B chain X042 ol 52 4E .

(5) ZHEMABIFIE A A G . RIIREEWE R A 2 M 7E CS7BL/6) /N Rk, 1
FRFRIR. W7E CD1 /MR | AhEdkik, 2 PMIRRIA. W52 H M AR I S0 ( D-3-Phosphoglycerate dehy-
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drogenase ) X} 22 &R A A4k HREEEH™ . L-AER (L-Clutamate, Glu) J& AN HFAR#I 2 R4
Hl EE AT TEM I8 T2 —. B E B (Gln) FEA G Glu FRUSHIETIAY BT, BA TR RS
Dise e, THRIGIT e s, wOss i B L fs a8t P S0 a2 e i, (R R A2 LB T RE
PARIGITIA4 FRIRSEANESE. AR A, &GS Al ( Glutamine synthethase ) 7 CD1 /)M ARMEIC
T HEVER. 12 & C KK fi# i ( Ubiquitin carboxyl-terminal hydrolase isozyme, UCH) % il 51 £ 45
UCHLI-6, UCHL1 X} 4EF1E# B2 Mk D e ff S ie 12 e fy 4y g %) AR ib— A se 7 L A
FERTRR VAL MR S o

(6) PRI, ILRIIREMERENIE 1A 2 F7E CSTBL/6) /MR R ik, MifE CD1 /NP A 2 Fb
fRFRIA. BRI 2R S 441§ ( Peptidyl-prolyl cis-trans isomerase A, PP1) J& T4 FE4R, v H5Bh & A1 &
8. S FHRTEE NG SIS B A SR, B R 2878 R A5 o a0 o 23 5 | R 5 1 4 2
DAFERIFSE Y 0 H 5 28 A2 AT 56, AR Ao b SR 80 2 ELEAZ 19 b R AR PE. Crystallin, oB (aB2
AR 1) & F/NAR T 8 (1 (HSP20 ) K%, 76 LA I IA HIUAH DS B i AL (1938 Ty rpr . B2 f AR ER 136
ik R BRI A X O A AR AR .

i bl P BRI, 29 MR H MRS R R/ NI BRI 22 R, H, 6
FhIJREAEIE A EE 1, 4G 8 FhAE AR E AR TN REAI DGR 1, 2 R R B MR, 4 FME S
FHICEE T, 4 FhAIMD B AAR G 1, 2 R SRR A AR F1 o0 A AR DG HE AN 2 A RER 2 I 7E C57BL/6)
INRHTERIL HAg 7 MEEPRERIL; T3 FhODRRYEEIEE 1, A4S | PR ERRTIREAROCEE A, 5 R
2k BMCE AN | M EGERR A CE 7E CD1 /N R Rk, Hogy 22 PR FIRERas. REITE
WFSEHGE , XA A 13 FHE A 5ICCIaeA 8. bR TiX 13 MERAS, FRATE ML B TEL o 414
PR SEBG A RN [A] i R /NP, 16 R SR A 225, X 16 FaE A 10 FdEE BiF, 6
BTN, SR e A T RE MO IZRE R, IR R X S R EOX W AN BUCAZ /B ) 1 22
S A MR FOA R S, SRR T RE RS E SR, WA TH SRR R
WE. 74k, ARG RN AARNE AT, HIgZae JIfEFE 20, FEIFE AT 25 32 3 o)
FEPIATHESES b, DA RS BRI AR DG HE SO Ny ) d B I, 75 B B R IR, i T RVEIC I &
— ML, AR E T RMEANE BACIZAHICHE B9 RR, XFF RIS N S B f2 4 T
i — L HLE.
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Proteomic Analysis of Fear Memory Related Proteins in Mice

ZHENG Jun-Fang, LIU Hua, XIONG Ying, WANG Xiao-Zhu, HE Jun-Qi”
( Department of Biochemistry and Molecular Biology, Capital Medical University, Beijing 100069, China)

Abstract To investigate proteins related with fear and emotional memory, hippocampal proteins from CDI
and C57BL/6] mice after fear conditioning experiment were extracted and subjected to 2D gel electrophoresis.
Protein quantification was analyzed and the differentially expressed spots were identified using mass spectrome-
try and MASCOT database searching. Hippocampal proteins from CD1 and C57BL/6] mice after fear condi-
tioning experiment were significantly different. Twenty-nine proteins ( Thirty-one spots) are closely related with
fear memory formation. Expression levels of 7 spots downregulated significantly; expression levels of 24 spots
increased significantly. These identified proteins could be devided into six categories according to their func-
tions: (1) energy metabolism and mitochondrion function; (2) neurogenesis; (3) signal transduction;
(4) cytoskeleton; (5) amino acid metabolism and protein degradation; (6) chaperone. These proteins
improved insights into the fear mechanism and provided new targets for the study and treatment of cognitive
diseases.
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