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Abstract A

constructed by using phage surface display.

library was
The
oligonucleotide sequence ( NNK) was digested with
Sfi 1 and Not I and ligated into the phagemid
pCANTABSE. The DNA  was

introduced into E. coli TG1 by electroporation, and

random decapeptide

recombinant
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5.3 x 107 phage was harvested. The insert was
present in 66.7% of phage, thus the random deca
peptide library had a complexity of 3.53 x 10", The
titer of phage supernatant was 4.8 x 10'" after the
helper phage M 13KO7 super-infection. This library
was screened using angiogenin protein. 26 ANG-
binding clones were indentified from 94 enriched
individual phagemid clones after two rounds of
panning, The nucleotide sequences encoding peptide
recombined in 12 positive phagemid clones were
determined. ELISA showed that all of them could
specifically bind to ANG.

Key words

angiogenin

phage display, random petide library,

rh AR 42 TR B RAA 44T R W 1) B AR AR B S

BAEY S TR

(TR AR B AR S 2 WEAET, bt 100850)

HE
FE b Ab BEAE R N, W FE S gL ek o FE S

R JbEY

AL HMRAL T ool i 2 4L SR T4 BT T o 1 1) Rk R R S AR
B BREF A BRERE L TPG B4R I SDS- 5 A I I I R I v vk e

HeR?

(b ERE B A BT, JE5C 100101)

H 3 oo i 2 2 2R 1 R A A

TPE A G RO B AT T OB WF SR A AR I, BARIAR pH b6 235 L SR AR U 30— 1 F SDS 8 (T=
12.5%) (R WUk O 35 i), s A 31 T Pl 22 40 2R 1) v vk P i

FERIR R CAURAL, WA H Pk, PCI2 400, PHcRhee41e

ZRo%ES Q51

Bifi A5 i 5 DRI (R R, I 9 A4 i 335 20 1) 1 42
AT A —d B3 B R ¥ —E B R4 %
( proteomics) % iz ifif 2B XU K (twe
dimensional electrophoresis, 2-DE) 1 4 8 H it 41
WEE I JF TR, 19 3 A W = o FE 10 78 0 K
45

X 16 LUK A T 43 B 201 0 52 2% B 1 5 00 o
LR 2Z —. 22DE £ R 5 — ) 46 1 258 £k
(isoelectric focusing, TEF) &1 1 0055 HL AN
[vi) iR L 43 1295 B8 1A SDS- 2R PR I Ik I 6 e HRL Dk
(PAGE) &L 8 (1 T M 36 43 - o dit A [) 4 — 1]
SrE G R B EE— Lo 3L R kS, R 2
DE &tfieneta, K)o, H L fri it xs
2-DE EEEAT 00T . FREL

E 100 i) L K ) 23 9 R 0 B R 8 TRE S AL BE
IEF . SDS-PAGE . JLta55H0R, $5EA7 —w HE L.
FEAR TR 4128 R e kM, X PR 41 21,
JUHE PR A 2 A AT W bk, A LS,
e Mk, AU Klose 2616 81 = £ 1 25 40 23 X ) Wy,
KR . AR [ AH pH B BE (immobiline pH
gradients, IPG) SFHLEREMNE—m, KHKF SDS
PAGE A &% ), X KRB ERGE (.

IS ARG (39928015) BEMHIIH.

A 6t AR SCAT [ 25 SR

IR FR A

A Tel: (010) 66932379 (L), 66931304 (0):
Frmail: liusj@ nie. bmi. ac. cn

HE58E Tel: (010) 64888562, F-mail: yaojun@ 263. net

Wk HH: 2000-02-29, &[0] 13 2000-05-10



* 646

) (AT T X0 Bk 2R, RS T
T R PR P 0

1 # #

1.1 &&

DIAX900 %) %A% (4% [E, Heidolph 2 ),
Beckman L7-65 # i 2.0 Ml ( £ 5], Beckman 2
Al), UV330 %40 66 (96, Unicam 2
@]); IPGphor LUK HLIC .« HERRBILL | B LR
Multiphor 11 7K ¥ HL¥K #L7C . EPS-3501 HLE . 1 H
JK#HE . Hoefer H 2l kB G (44X ¥ 1 H Amersham
Pharmacia Biotech 2y 7],

1.2 tFIFRdr 44

pH3 ~ 10 £ ¥ ( linear, L)
(nonlinear, NL) 11 cm .
IPG 281K« SDS ZEnP ke 4% « AR 41 it it 2 1 b
HE . 2-DE 1 [ 5 b HE L F] & 2 H Amersham
Pharmacia Biotech 22 %); PGEERE . F A 95 19k

CHARBERE (DTT) « JKZE . 3 [ (3 MEEE AN
B - W) -TNTEER (CHAPS) . 4% HY J s Ak 9
(PMSF) 1 H Sigma 2 #; N, N, N, N-JUH
B, W (TEMED) . il Z el F Fluka 227,
1.3 BEEH
1.3.1 H i a
40 mmol/ L. Tris,
40 mmol/ L. Tris .
4% CHAPS . 10 mmol/L DTT .
1 mmol/ L. PMSF; - 20 C{#4%.
1.3.2 IPG K fifi /7 #: JK % 8 mol/L. 4%
CHAPS . 2% IPG 2z . D HIRM W, - 20 CfR
L. ARG DTT: 2.5 ml IPG MUk A7 38 A
7 mg DTT.

1.3.3  “F##: 50 mmol/L
6 mol/ LIR % . 30% Hith . 2% SDS . /b it #5114,
- 20 CRAF. Vv TAE W a: AERIHT 10 ml P
WAEAFIBIN 100 mg DTT. “FH7 8 LAEWR b: A
AT 10 ml “PHEFEAAAFH0 250 mg W LB,

1.3.4  SDS %G8 ph Ik
0.4%SDS pH 8.8, 4 C{{AF.
1.3.5 SDS ¥Ry W# 1.

1.3.6 MRYHRAERAA RS BEEHEY (KA
JHL UK SR HARY F .

A AE 2 1

-20°C 1% fF. FE M W b:
7 mol/L JK% . 2 mol/L fi

EMFESE MR ER

18 em IPG Tl il ¢ 4% .

8 mol/L JK % . 4% CHAPS .

1 mmol/LL EDTA .

TrisHCl pH 8.8.

1.5 mol/LL TrisHCI.

Prog. Biochem. Biophys. 2000: 27 (6)

#1 SDSPAGE ¥—BB A

it A7 e A
(T= 4.8%)  (T= 12.5%)

29. 1% PKBRERE 0.9% Y. 0.8 ml 8.4"(11.2) ml

A A PR A s A

I 2% Ptk 1.25 ml 5.0 (6.67) ml

87% 13t 2.0 ml 1.0 (1.33) ml

B 7EIK 0.95 ml 5.6 (7.47) ml

TEMED 2.5u1 10 (13.33) ul

109 i) i fi el 24 ] 96 (128) Hl

2 5 ml 20 (30) ml

DHE T HE #1250 mm x 110 mm x 0.5 mm [EERE. YT HEH

250 mm x 180 mm = 0. 5 mm [FJ5EENE.
2 RWHE
2.1 tmAkE
2.1.1 PCI2 e s H 4G WIB RE R, A
PBS, 1 000g & 10 min; F+ [if, PBS ¥ 3 ik
Ja: NS RIS R, TR, WP R R
—JE, 15T, 40 000g i‘jJL‘.\ 30 min. b3
Bradford ¥:!"" s i, M EARIKIEL N 3~ 4 g/ L.
2.1.2 Elﬂhifiiiééémﬂﬁmtﬁx TV A= B K ph
VEB G BUN (AR 412U i, FHBEAT 2
ZRIBE, BREGEEEGF. RSB E R

&éﬁ?ﬁ;#%ﬁ’l‘-unﬂ{)&ﬁ}x, ¥ 1 g BRI 0.5 ml
FEf a, 213230 s, FRION 1 ml AESR b 5k 1 ¢
FERADUIMA 1.5 ml BESR b, 213K 30 s, ,,\Ew&
10 000g #L> 10 min; E3§H 4T, 150 000g 5L
45 min, /NCEEFF bR ER NGRS, W RO
i, 6°C 40 000g K50 50 min, HUE L [,
Bradford V€ B, HEIKEZI A 8 of L.
2.2 HIER

e 1 T TG RS, LKB A IR R
e Pidt, ORFF—w wn B E ) HET SDS ek, 4y
PRES R 250 mm x 180 mm x 0. 5 mm 2% 250 mm x
110 mm x 0. 5 mm [1] SDS- 28 A I B fliz 1t fie
2.3 HBEEEK

¥ 1PG Tl B < 4E iR 10 min, {F
IPG Z&RHLIKAE (strip holder) HINAGE 411 1PG
B4 W K (18 em A 350 ul, 11 em IO A
200 KI) J5, Kf IPG HRACBEIE [7) R BN 45 4R H Dk 1
v, AR S N A 5 W, 76 IPGphor K 12h DA



2000; 27 (6) AP ESEMNEHRE

Prog. Biochem. Biophys. - 647 -

b WIKE AT IR AR K. IR AR IR LR
2 ZHGEAT HLIK.

F 2 IEF BikEHIZE (200)

IPG i % i A Viv I/ mA t/h

18 cm it 30~ 60 50 12

1 500 50 1

2 1 000 50 1

3 8 000 50 4

11 em HULIR 30~ 60 50 12

1 500 50 1

2 1 000 50 1

3 8 000 50 2

2.4 Fi

SGEHIRAEWIKE, IPG R P a 11
15 min, FAEPEE b P45 15 min,  FHRIE 198
2.5 SDSPAGE

IPG JI& 4% 1 5 5, A6 58 35 BT 0% 22 b 2% O
1.5 mm4k, Jim FBCE T SDS B b, HikZ
BB LR 3. FERMAR 1 I HLK AT R AT B AR
. HBYRIEE L IPG K&, KIS &
Hi#, BareRARAL. 5 Wiy W A v A N B A 2%
J& 5~ 10 min, {5 11 Hk.

# 3 SDSPAGE £#i&8 (150C)

SDS [l A% A Viv H/mA PIW ¢/ min
250 mm = 180 mm = 0. 5 mm 1 200 20 40 40

2 800 40 40 150
250 mmx 110 mm= 0. 5 mm 1 100 20 30 30
2 600 40 30 100

2.6 $RIFN SDS RREVRTF

SR EY GRARABKR R #
P51, H Hoefer [ 2 e Je (A 4 il B2 7 e €.
Peti i, ¥ SDS IRAE 10% H i th kil 30 min Ji5,
T B RS AR, F 10% H i 8 1 B B 4K 1 7
SDS Jie k., BT

3 4§ R

BATRHAT PG FHUR AN — 1, SDS /KF
HLPK O 20 R BT HLIK AR R, 1 R SOE SR b

R, X PC12 40 Ak Rl P AR a2 4L Gl ] T AN TR
(OEEL 53, BV TR iy PC12 AR Bl .
TH T 2-DE HykgE . 4R WE 1~ E 4.

ku
e 04
-7
e

e et ‘...ogq-w

Y 30

*- 20

- 14

)

E 1 2DE &8 RirERE
pH3~ 10L IPG JF¢, 250 mm x 110 mm x 0.5 mm SDS #E i
(12.5% ), 2112- D H A0 bx #E, 30 B i A% ol He, B 3%
t: 2DE EEAkRAE, K {84 1T FUTbR A

pH3~10

67

43

2 PCI2 AR E R & 2-DE B
pH3~ 10NL IPG B, 250 mm x 110 mm x 0. 5 mm SDS &
(12.5%, SEFFE 100 v S5t IRBGR A L FE, WKk

o s, M.
ku pH3~10

14

3 AR&EMEARK2DEEE
pH3~ 10L IPG ¢, 250 mm x 180 mm x 0.5 mm SDS i Ji¢
(12.5%), BEFF 100 ug SUKBGR A LAF, ik
IR, g



+ 0648 - EMFESE MR ER

B4 XRMESMR2DE B
pH3~ 10NL IPG i, 250 mm x 180 mm x 0.5 mm SDS &t/
(12.5%), BEAFN 100 vg SRS BFE, ik
I L e, g

4 it it
AL IPG 45 B AL 8 — 1 . KF SDS

PAGE N &5 [, XF PC12 41id . kK $f 22 3 (1 5
FESRPEEL . A5 R A LRy a8 R R K B

ma L Uik AT . SRRk S L. SDS PAGE .

SDS KRGt JARAFEREAT T WF TR 52 50 S ALK
PC12 0 S0 LL e o B —, 58 (R 25 2D,
BRI R . PR R AL IR 2K,
SR R AOSEEL « R & 2- DE HLIK #2452
s, SR P IR AR, TR R B
WRAEH LML ® (=Z=H® LB (TCA) /N F
PNy RTUAZRAR S BRI A bk P, (H T
liFOR ES i A S D PR N A il V) i - S i
K, AEAF AR AR (R S AT R, SRS
BAVL B T B O A, WA T R4 2R 2L
R, XS TERAFSPER (E2).
4.1 Hmbl&
4.1.1 2 MR 2 23 AN iR 2 20 R
PP A R s Sk L BN R v L A
. MEIHARIEAE. N VR ORES IR g0 M0 2 R A O
Rk Wi, A Z AL B, W
A2 RO IEARGE . BATT 8GR 2 b 4 IR e )
Jiid, AR MR EAF AL, IR BT 1Ry
K, MAFES ST AIK M I%; PCI2 AR A
P4 HUN) ) fe 52 5 v,
4.1.2 FPERGAL: FE S AL BE A 2-DE D)
SHERD RhmiE T 1. ;K.
R T S B R A — B e 2R OB R
Prif el DNA &/ RNA B FRAE, IF 0] A el

Prog. Biochem. Biophys. 2000; 27 (6)

Wikt — B ali 1> 119 Ak R S R R
AR R AR LA A KR, B a2 A
PMSF . 1 mol/L. EDTA/EGTA B {25 7 fk i 2 ik
ST R (TLCK) /7 FF 2 B Bk 2 79 % Bk S I
(TPCK) AGL61  hb PR [ (1 21 4034 13 Jin N\ 41 43
A T R N A ) 7O 7

TR REA R A, ARLRRH T kL
ool B 70 AR e B SRR AR . R ZE T LAKS N 2k
FURI . A @K % (5 mol/L A L)
PR AN EXHE BOEAT I, ORI 30 Cca
ES G ST L A s - S R I
Pasquali 25 PV iiF SCHIUNR AT 48 i 2 (U IO IR, OF
PAFE L) 2-DE BEAEL ARATERRHL.

A5 H R L K 6 200 Sl 8 7 ol T S T I R
&P, 1 SDS A BB s A, AR b AR
PEFIEAE R 1%, 1996 4F Rabilloud! VR 55:  7EHE i
PEHURIY, BESEP A SDS, fEJEIIHAER &
I3 Pk A M OBE. Triton X-100. NP40. ctyk
glucoside 55 A [f1 375 P A AT i 4 R L BT, 3
PR E PR EZ ] 2% ~ 5% CHAPS . 8 mol/L JRE.
FRATEH] 4% CHAPS, 73 213 i 14 25 1

AT SE AR A AT ST, W T A T4
THNE) misE, — B DTT. (HERME &AM T
AEo TILE ISR 511 pH B, Herbert 25 ' i J]
—1E T BB (tributyl phosphine, TBP) 4% 14
DTT, fERAHE S I 7 2 B3 i 8
B — ) B 5 g K R B S
4.2 FHE5FHAN

R R AR, W fmol 2 114K (1 i — B &0
FEFA . 1 000 #5 DUAE A 4i M 1¥) 8 (1 fE B 4L
o B E, BT < fEgE —EREAR
G TP R SR IR B . R B K R B M R [ 5
W, H AR A S R A IR RIX — KT,
SR ARG ER, 28 FH w4 6 00 HL Ok
B RS G ). B R AR TR
FEFEAFAW; H PR, SEEEARKY
BE Ak 2% R ma A 2 7 A 2 BRI b, AT R
AR 200 S F i Ak Ak B0 R LR 41 208 B A
TR 2 R S5 i S5 v AR R S AR A BUR 2
B Z AL (housekeeping gene) 21K ™4 (1 HE i
YEF. Murakami 252" I SE R R F 4G 2 B A 9L
) slgA S =M EREE AT, MIhHWEE . 50
TREEERAR. FEa BRI T B R AN E
JE. W B ATIR, FE S bR R R 2 S



2000; 27 (6) S FES5EMEHERE

2-DE [ A A B 38 D650 % 18 3 Tl e o
I R, BEfPeE S IE N E A A, BT
KT REGPER Gk, e/ Frl ik i
WAER T, 50~ 100 ug FFERGEW L 2 DE 204111
TR,

ESER R, BATASF W LR D728 (ke gy
e a FEHUBKATAE & S R K TR A L R HEAT I
b. FEVEIRJGAE &N TPG 400K HL Uk A I FEFL )
BT TR PEE T a. A HT Fk JU R 4l Bh 57 %5
BRUF(ORE S, ks B Ak R Ry R K
(25, WET—#or S ERET 6, T HATAT & A
JUEN TPG B, It DA ¥ i S tef R R v 3R A1 2 1)
ZT b R ZERIRE S, IR S AT B
iR (50 mmol/ L) I FE &, A — b 4 20
FE, fEHUK PR A S M IPG e EYiiE . #rih,
AR AT A I 5 eI 7 2 KGR o I3 R S
LRE BAVETRAPUESE T Gorg ™ [ 5% 1E
IPG 4Ry, Ik 30~ 60 V K HL UK 12 h,
AT 2 b4 v P £ B
4.3 IPGEBREE

IPG %5 WA i i, if HL IPG Tl R 4%
FRVELE, RAEFE, R IPG A
Fh—m. {EIPG BA&MEN b, HERmmad
LU Mk A ML, AT 11 em P
Ja, AT MEALUREE R, T THRACH pH 6
I 4, B pH3~ 10 (1) 18 em 4. M HLIK
2R B AP B A B 20 A T pH3~ 10
HIVaFE, (HAERC AP, A2 8 B BB 165
R BR G 0, WTRERE MR P ST A
2 (R L B B L R T R 2R PR e 4% o 8 B
B S AL
4.4 SDSPAGE

%5 [ SDS-PAGE 7 # 1 . 7KF 5 77 =
A B A s AT AR A E 2 gk e, HLAT U A
FEMERERS, AR T4 & LA, HIKE T R
FURCRREATE — 20 40 B, i U 75 K IR 4% P,
VKIS (G, AR, ANMETORAE. KPR
NS PR, MR, REUEE, BERK . N
JERERTATIE, FTHISETHR; T SCReBE, sl
TRIRAE. Gorg! > 5% 4038 55 — 1 4 FH K F HL ik
PR3 46 e 1 T AL K.

4.5 REBIMREF

FRATAE 0 s AR e R, ) Hoefer H 3)

PTG, Hoefer [ 20 %% oA 1 N I 42 €2

Prog. Biochem. Biophys.

- 649 -

BN BIGRR) . R . BRI iR
e E G Y, Ml 2-DE R B
aF eI LeE, TS SR 2-DE KB

i1 ¥ SDS RARAF 7 i, MK SR, &
ITHRA. A SR i 20 R A A, 0
UK G WIS LA, R DA G T I (R AT S [ 4
S PR 3B SO0 s P 3% 3 BT 116 5

2 % X M

I Wasinger V. C. Progress with gene product mapping of the
mollicutes:  Mycoplasma genitalium. Electrophoresis, 1995, 16
(7): 1090~ 1094

2 Kahn P. From genome to proteome: looking at a cell s proteins.
Science, 1995, 270 (5235): 369~ 370

3 Swinbanks D. Government backs proteome proposal. Nature,
1995, 14: 378 (6558): 653

4 Junghlut P R. Proteomics in human disease: cancer, heart and
infectious disease. Electrophoresis, 1999, 20 ( 10): 2100 ~
2120

5 Blackstock W P, Weir M P. Proteomics: quantitative and physical
mapping of cellular proteins. Trends Biotechnol, 1999, 17 (3):
121~ 127

6 Klose ], Kobalz U. Two dimensional electrophoresis of proteins:
An updated protocol and implications for a functional analysis of the
genome. Electrophoresis, 1995, 16 (6): 1034~ 1059

7  Lanfen H, Berndt P, Réder D. Two dimensional map of human
brain proteins. Electrophoresis, 1999, 20 (4~ 5): 907~ 916

8  Edgar P F, Douglas ] E, Faull R L. Proteome map of the human
hipixl:-uulpuh, Hippocam pus, 1999, 9 [6) 644~ 650

9 FESEAT. HANDRIKEIEHEAR, JEnt: B IR,
~ 142
GUO Y J. Experimental Technique in Protein Electrophoresis
Beijing: Science Press, 1999. 141~ 142

10 Bollag D M, Edelstein 5 5. Protein Methods. 2nd. New York:
Wiley-Liss, Inc. 1996. 50~ 55

11 Gorg A.
immobilezed pH gradients. http: /www. weihenstephan. de/ blm/
deg . 1998

12 Bollag D M, Edelstein S S, Protein Methods. 2nd. New York:
Wiley-Liss, Ine. 1996, 27~ 45

13 Rabilloud T. Selubilization of proteins for electrophoretic analyses.
Electrophoresis, 1996, 17 (5): 813~ 8§29

14 Lopez M F. Proteome analysis 1 Gene products are where the
biological action is. ] Chromatagraphy B, 1999, 722 (1~ 2):
191~ 202

15 Pasquali C, Fialka I, Huber L A. Preparative two dimensional gel

1999, 141

Two dimensional  electrophoresis  of proteins  using

electrophoresis of membrane proteins. Electrophoresis, 1997, 18
(14): 2573~ 2581

16 Herbert B. Advances in protein solubilisation for two- dimensional
electrophoresis. Electrophoresis, 1999, 20 (4~ 5): 660~ 663

17 Fountoulakis M,
map of Haemophilus influenzae following protein enrichment hy
heparin chromatography. Electrophoresis, 1997, 18 (7): 1193
~ 1202

18 Perrirrcocon L. A, Marche P N, Villiers C L,
llr inlraﬂ-?"lllill' (:lll“lrnu1 menls iIl\'llI\'ﬁl iI'l anl ig(-'n I}l'{)l'l"!‘i\.‘ii"g: a new

1999, 338

Langen H., Evers S, et al. Two dimensional

et al. Purfication

method based on magnetic storing.  Biochem ],

(pt-1): 123~ 130



* 650 -

19 Corthals G L., Molloy M P, Herbert B R, et al. Prefractionation
of protein samples prior to twordimensional electrophoresis.
Electrophoresis, 1997, 18 (3~ 4): 317~ 323

20 Coumans J V, Humphery-smith I, dos Remedios C G, et al.
Twordimensional gel electrophoresis of actirbinding  proteins
isolated by affinity chromatography from human skeletal muscle.
Electrophoresis, 1997, 18 (7): 1079~ 1085

21 Murakami K, Lagarde M, Yuki Y.
protein of human colotrum and mature milk by two -dimensional
electrophoresis. Electrophoresis, 1998, 19 (14): 2521~ 2527

22 Gorg A. Bougth G. Obermaier C. Tw o dimensional polyacrylamide

Identification of minor

gel electrophoresis immobilized pH gradients in the first dimensional
the state of the art and the cont roversy of vertical and horizontal

systems. Electrophoresis, 1995, 16 (7): 1079~ 1086

Improvement of Two dimensional Gel Electrophore
sis for Proteomics of Rat Central Nerve System.
ZHAO Cong Jian, JIA YuFeng, DING Qimr Xue,
QUE HarPing, LIU Shao Jun ( Institute of Basic
Medical Sciences, Academy o Military Medical
Beijing 100850, China); GUO Yao Jun
The Chinese Academy of
China) .

Two dimensional gel electrophoresis ( 2

Sciences,
( Institute of Biophysics,
Sciences, Bejjing 100101,
Abstract

ZEERRIC

EMFESE MR ER

EREEE

Prog. Biochem. Biophys. 2000: 27 (6)

DE) is a key technique for proteomics. To analyze

the proteome of PC12 cells and rat central nerve
2-DE

technique is established. Due to much lipid and other

tissues, including brain and spinal cord,

nomrprotein  interfering  constituents, protein
extraction is much more difficult for nerve tissues
than for other tissues. Two different methods, i
e., precipitation with tricholoroacetic acid/acetone
and ultra centrifugation were employed to extract
protein from rat brain and spinal cord for 2-DE.
Other factors such as method and volume of loading

choice of IPG gels,

gels, preset of electric parameters,

sample, concentration of SDS
protocol for
staining and drying the gels were also improved.

above,

rat brain and

Using the method  described
satisfactory 2-DE maps of PCI12 cells,
spinal cord were obtained.
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