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LI CRP A % 558 B 4 58 WL B Ji5 4375 41 J) Il 9k O 200 B, 3R B RINA Ji5 28300 5% S il 4% cDNA,L @ it 5

3 PCR 82503045 B A SE R R Bt Fo e I iR R T7 4048 [ M g R LR I B IR 9 . B 3R AT 4 S04 i ik L 5l
it Phage-ELISA % % ¥ 36 J5 0 W @1 % , Bam H 1 Hind [l SEEVIMIHE T pET-28a 55 Bk 58 s 19 0 20 o kit , 7%
b A BL21 B Ak AR T 338 . & 0d His-8 B 25 A2 7 A 2l A0 A5 SR St 14k, SR ) P F 1] 422 ELISA %
IR E CRP MMM, AR 45 BR80T H T FE A R 1.08 X 10° cfu MHT CRP b4t (4 W B 14
P BEPRA RN 96.43%0(27/28) , AEWIEIRM T 4 Bk5 CRP 45 M 45 & (9 B M 58 B, 4 bk FH M 50 e R ik 2K
PR Ry, I AE BL21 48 M s B 238 BSR4 T 2 22 ku, 4 ELISA %56 .4 D HiR S SR =
SERM S SRR V2 5 VS BRI A 1 s 3 2003 BB RE A5 18 JH T 52 bR AG I 7 B 0T & .
KB CRMEH(CRP) ;s ISR, WwkRREAR,; FERE: AYEk
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W 2 4 (C-reactive protein, CRP) /N Ak W & &
B R R RGN SE bR IS W A IS TR K F
Wi Rt ) AR R A U A P E L il
PR I & A TR T . CRP R T IE HERE A
F . HFIE & 8. CRP L3 v i F ¥ 7K
0.1~10 pg/mL, {H 75 240 i 453 03 5 & A= 48 i 2 i 1]
SHOMAE 100 £5 LA M. CRP WY I AR 12 W b o i
B HEA I HE & 5Pz 1T 2 Mg iz W 8
I7 LA TR F4 W 24 e R, X% CRP (2 W s
AL LEAS W08 . H AT 2 R 2 802 W 5 R IR SRR R
Fi S EDUAAE 2 W T H 1% 48 1y BUJR B o B T A
FEAE A 77 AR AN 88 L AR IS I [R] 4 LA B2 R 1 1
HEAAR N B F2 8 PE S AR A s BRI T B N
H T 2 B % BT AR 9 A7 78 1 SRR BT IR BE S TE A 2 12
W rh % 45 R AR HT L JF AT Ay 6 PR AR Bt 44 1Y 4
FAEFETT W)
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1D FEFH) . CRP(Meridian A 7)), 1 % % B
B 3% TR A BB A e, R I8 4 R
(Sigma 23 A, 3 G 58 24k 7] (Sigma 28 | U 5%
B¢ ZHU(HE L FE B €A HDD L 36 B A0 Ja] I ik B 40 i
SYEIRH & (REEAFD . RNA 2 BGLH & . DNA
marker (KR AE L RFE A 7] . cDNA 5 st il &
(R 22 7)) PCR i (TaKaRa 23 7)) B Bt
& (Omega 23 7)), BRI N V) B (NEB A 7)), T4
T (TaKaRa 23 &), T7 W K A 288 7 &
(Novagen A #)) , T7 528 —$i (Novagen 23 7] , His
P25 P CFEAIRF A F D W BRI £ (Omega
NFD L BL21 (DE3) JE& 32 25 4 i (R AP A /D
His 84 (GE A FD .

DAL F KB AL PCR X A Wy 22 4 e L B
TR TR VKA AR E R AN LR AN R )
FEGEE T R A VR B O AL LB O HL RS AN L
JE A S BT 3R B A% IR A A
12 /%

D IR GE I S0 XA R I . ¥ CRP & 1 LA
TR O 2 e S B, e s 5k, 1 mg CRP
5 IR CE A RS 3T W s Bl S
(9 4 W sE e i 750 pg CRP 2 A 45 88 [RR 58
SR 8 AR A1 B BB 15 d s [R] s s 4R i v
DL BT AR R AN

D) AOKPUIA BB R BeryAREL, FESE 5 IR g
7 dJE SRR K B BT B I . 8 S Ik L 40 A A R & Ak
% B A1 J I 76 B 400 RNA 42 B 5] £ B RO B2
YA B RNA, IFAH R 5% 5300 6 % r i RNA i
1155 58, 3 4% cDNA, i 1 §1 X PCR 3k Bt VHH
B, % 189 38 LU 5% 13 cDNA fEh
A, 1E M 51 ¥ Nested-1-up, S [ 5| #) Nested-1-
down(Nested-1-up: GTCCTGGCTGCT CTTCTA-
CAAGG, Nested-1-down: GGTACGTGC TGTT-
GAACTGTTCC), Jz i 8 J¥ Jy: 95 C i 48 4 10
min; 95 ‘CAE M 30 5,58 “Cil 'k 30 5,72 C ZEAH 45 s,
35 MEER ;72 CHEM 10 min, FI 1% BEHS0E 5 e X
PCR F= ¥ iE47 HL UK %5 , T HH B R /N2 2l 900 bp
5600 bp By 4, X 600 bp B £ HF HEAT Ui M,

95 2 % DL 600 bp 1Y Z&H B AR #E AT PCR 971, 1E
M 5] ¥ Nested-2-up, & 1] 5| #) Nested-2-down
( Nested-2-up: CGAATTCGGGTGGTCAGGTG-
CAGCTGGTGGAGTCTGGAGGAGG, Nested-2-
down: CCCAAGCTTTTATGAGGAGACGGT-
GACCTGGGTCC) , Jz I # ¢ 2y : 95 °C i 42 P 10
min; 95 ‘CAE M 30 5,68 “Cil k 30 5,72 C ZEAf1 45 s,
30 MEHR ;72 °C ZEAH 10 min, 1 %6 Bl G A BE I 4k B
K/NYY 400 bp 5545, TS IR, T — 20 ‘CHRAE,

DT7 WEHAK CEMME, fiH EcoR1 5
Hind Il V) H 0 PCR 364389 VHH H W A B R
PR 3 6O B T i A7 Wk B2 D, B 4 AR A
FHAKF & I, A T7Select10-3b # 4K, VHH H Bt
A T4 ERERE, 16 “CiEHE 10 h, )RR 5 pL HAH
DNA h#| 25 pL T7 BER AP .22 CIlRA2 h
HEAT R AMI S A 270 pL B9 LB WK RS 35 5L 2% 11
SN AR AR JE IR SCHE . O/ 6 D A SCPE 10 4% LA
TR 1 2 A7 0 TR AR SC R 7 1 U S R 4% S ST B
A FEAF B BLT5403 15 E W #7938, &
20% o H ol B ME TR AR Y SCE L IR R
—80 CH-HF.

DR VHH AW . CRP $1)7E UL &
3B v ) O S B B R AL R T R AR AR L4 °C it
. PBST 2% mh ¥ (PBS+ Tween-20) ¥EHR 3 W&, LA
5% I B BE 2F 15 45 L 200 pL #E4T 37 C EH M 2 h,
PBST YEHR 4 U<, T7 I B 1A L A3 5 asb ok 1) 7 =X 4%
AREbR AR H 37 CEF 454 1 h, PBST YRk 8 X,
1% SDS &4l 100 pL n A Bbr i, iR F 45 &
15 min, R BGENE =8 . 647 SCPER P34, F—20 C
TRAF

5)Phage-ELISA %57 BHME 7 bE. MEE 4 #14
T ) PR I8 7= 0 118 35 ST A BRER 96 A 05 TR BRE L 4 1
JIAF] 1 mL § BLT5403 15 £ @ #4914, %
CRP DL 3 pg AL # T EEbRtR .4 Cid 1%, PBST
Vet 3 kL LA 5% IR AW AEFL 200 pL 64T 37 °C
P 2 h,PBST ¥EAR 4 KA 100 p L W B R 1%
W .37 CHEE 1 h,PBST ¥k 4 I ImA$L T7 — 41
(1:5000037 CHEE 1 h, PBST B 4 . mA
TMB & 10 min, T A H, SO, (2 mol/L) % 1 &
N s BEAR A SRR BE A . BRI 20 ASWOE B (H R =
B BH P sE B R, R LR 8, Bk 12 4> BH M o
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B, 2% 2B AEW N | HEATIF 50 40

6)VHH Wik 5 alifb, DLW i iR b 3 i o A
. Exp-up 5 Exp-down (Exp-up: CGGGATCCCAG-
GTGCAGCTGGTGGAGTCTGGRGGAGG,
down: CCCAAGCTTTTATGAGGAGACGGTGAC-
CTGGGT ) W5 #4T PCR S286, 2 W FEF H:95 °C
AP 2 min; 95 ‘CAEME 10 5,69 ‘CiR k 10 5,72 ‘C4E
i 30 5,30 NMFH ;72 CHEAR 2 min, X2 390 bp ) A
BEHATEI E W . JH BamH 1 5 Hind 1 43 5G40
Bt 5 3k pET-28a, 14 4 85 41 e 3k 84k, 7 A BL21
RZA MM, HEATIE S R IE L RIB RN R 22 °C,
12 h,iE S5 IPTG & E0.8 mmol/L, i i #8 H i

Exp-

FARASCTE T AT A, SO b3 6 AT His- 45 85 2R RUZ AT A
alifk,12% SDS-PAGE 3w kvl 4E 11 . JF T —20 C
TRAE

DVHH W% . R ELISA %%, ik
A SO RS k1.2 ik 5)7,

2 ZER55MH

VHH BRI R B PCR ¥4 R
23k 5 W HPEZ A B B P I A ik F
13640 000,830 PCR P4 ik s M) 3K B H B9 R B .
951 AR5 45 900 bp H1 600 bp M4 (K 1A) 45
2 ARG LY 400 bp B (& 1B)

21

A8 PCR B —4# R W 7K B The first round of DNA electrophoresis of nested PCR; B: # 3 PCR %8 — 4 #% 2 f3 7k Il The second

round of DNA electrophoresis of nested PCR.
&1
Fig.1

22 BEAXERNHESEETE
J A SCE R 25 K/ R 1,08 X 10° cfu, £ 53 4 14
JEEZIEF] 3.4X10" cfu, HHE PCR 453 WoR, bifi
HLERELR 28 DR BE HoA 1 A& R 2
400 bp MY BL(E 2), SCERIH A RN 96.43% . Fifi
PLBRBEH i 12 4 B 1 o B 2% 22 S8R A 4 2 ] U
¥ 50 R 12 /> BHAME 5 B 300 3 i 2 . 38 5 NCBI
o Blast Ho X, W B A SCE P51 4 08 VHH ¥ 91,
2838 DNAMAN J7- 81 Fe X 434 o 3 75 BT # W05  4K S
EEA BRI 2R (3.,
23 EEEEMAMRERRER

fit FH CRP & F1AF o $t B i 3, 28 0 4 48V 2

bp
2000
1000
750!
500,

250

B PCRER
Nested PCR results

Ve RE 2535 3 4.5 X 10° cfu. i JBL UG SC PR 8 25 I B A%
(2 1), M 26 i 2k B & A K [l e s n] LA L
SR RIS B A SR

Rl IRBHRERREGHNEEESTWL
Table 1 Phage enrichment changes after
four rounds of screening
g TUREHE/pe BAR/ WbE/ ] i
LI2/8 : .
Antigen coating cfu cfu Recovery
Rounds
amount Inputs Outputs rate
1 20 1X1012  4,45X10° 4.45X10°3
2 15 8X 10! 1.00X10% 1.25X10*
3 10 4X 10! 7.50X 107  1.88X10 *
4 5 1x104 4.50X108  4.50X103

2 FWMXEHE
Fig.2 Raw library titration
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<==—=————- FR1-------- > <--CDR1--> <------ FR2------— > <---CDR2--> <-—========--= FR3---
10 20 30 50 60 70

VHH-02.txt QVQLVESGGGSVQAGGSLRLSCA ASGFTNS.RY SISPSGL.NTY YTDSVKGRFTISRDNAKNT 78
VHH-06.txt Ltw v-qad-..s-a -afp-s----v-k------ 77
VHH-08.txt hvdtfs..g-1 -apf--—------------ 77
VHH-17.txt v-hsn-..1l-s -g---id-----k--i--- 77
VHH-22 txt Cm=—m—— e a-g f-ynd-g.lpi -a--a-------gq--v-k- 78
VHH-27 .txt c-g----v--f---w-- g-nsg-dgt-t -a- 76
VHH-29.txt o g--g-- a-dnv-..ris -a- k 78
VHH-38 txt d-g-s-----s-c-1-- t-dsd-..t-f -sr--q q------ 77
VHH-45 txt a-yipdg.t-- -a---------- q-d---- 78
VHH-5 1 txt c-g-s-——------ g-- t-yvgdggt-d -a---------- l-—--—- 79
VHH-72 txt y-s-v------gl-w-s --ynd-r.y-- -a----------------- 78
VHH-93 txt C-g-8-—------- g-- t-yvgdggt-d -a---------- l-—---- 79

————————————————— > <----------CDR3---------> <---FR4--->

80 90 100 110 120 130

VHH-02.txt VYLOMNSLKPEDTAMYYCA KDS..RRN..YFEPPSNP..... DY WGQGTQVTVSS 124
VHH-06.txt ar..... wrp-csgsmy....dy-- --------=-= 123
VHH-08.txt ah....... n-csytys....ghr- 121
VHH-17 .txt ara.i-pwvpscsgnll-..rdyn- 129
VHH-22.txt aaglgfcstt-cc-rtr...ytyne 130
VHH-27 .txt a-..rgwspglgddyeycggeeynd 129
VHH-29.txt 1----d-==-========-= as..vlvlngl.-eyey...... n- 124
VHH-38.txt -=-=------ d---v---- prd...... prwdgtcg....... e 119
VHH-45.txt -- v-s-- aeg....dnpvrt-vaqc...dfa- 126
VHH-51.txt 1- --- y...rpttggnwcsfag....gwgs 127
VHH-72.txt -- --- tavgvg--sd-vr--lmig...yn- 130
VHH-93.txt 1----d-----—— g----- y...rpttggnwesfag....qwgs ----------- 127

& 3

12 4> B 52 B2 I 5 B/ 5 53 4R

Fig.3 Sequence analysis of 12 monoclonal plaques

2.4 Phage-ELISA ¥E &R
i@ it Phage-ELISA X HkHLAY 96 > 5. 5 [ W5 BT
BEHE AT 25 2 L WA AL OD,so 1, 45 5B 78 . OD,s B

2.5

24 36

KT 1.0 ATk f 38 4 (& 4, ffi | GraphPad
EEER I,

48 60 72
TATERENE T BEA S Number of monoclonal plaques

B 4 Phage-ELISA # i 4 %8 i% JT Y 28 55 B 1 & BF

Fig.4 Phage-ELISA detection of monoclonal plaques after four rounds of panning

25 VHHHERES4K

SDS-PAGE %5 W /x , K15 % )5 . VHH &
FIrl PRk B 5 B bl & 8 kE VHH &
HE 5A), it HisBHaifb 5 mEAMSE 1 4
AR E 2y 22 ku B 454 (8 5B) , W] VHH 4
fLZE R BT,
26 VHHiEMETE

BRI 4 Bk BHPE 5 B 51T R 35 G5 o VI-VA,
WAL ELISA HIWi 25 &6 k. 45 R BoR 4 Bt
&5 CRP HHHA LA, Hrb V2 F1 V3 A 41
GEAIEEANIRE T 15 3 2000 6) .

3 W it

H BT B my /N B B0E & — DT WEE 7
] CHEAE T Fv SIS HTAR F Fab LK )2 scFv R
HEDUARSE — RGN Ir RO B TR UK, (Hax sedt
AR 3 A7 7E — S 5l AN BT AR K VA 22 L B kA L TR
PR A L) B il o e A B AR, T AR SR L B U PR AR
UK SZ BBk B 2 19 CTE, 5l 1 4 i B AR 2 4F 58
N G 48R T T i B B2 2 RO 2 T i £
G, VHH O 2802 A Y H AR 2 0
o RO AN LR 23 F TR AR E Y A DL S 3
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ku M 1 2 3 4 5

116.0

45.0

25.0

18.4
14.4

A:M:Marker; 1,3:#87 5 % Supernatant after sonication; 2.4 :#8 75 5 L€ Precipitation after sonication; B:M;Marker; 1-5: i Eluent.

& 5

VHH R #Z R 1% (A) R 44k (B)

Fig.5 VHH prokaryotic expression(A) and purification(B)

2.5+
—e—Vi
2.0+ -2
—A—V3
: LSE \ —vs
a .
3 Lok \ ——NC

0.5F

Q-—Q———?———?___ *
2100 1:2007 1:4007 1:8007 151 6007153 2007116 400
B LL B Dilutions

V1-V4. %3k VHH $ifk Expressed VHH antibody; NC: [tk
Xt B4 Negative control.
6 VHH [E#E ELISA £ I%
Fig.6 VHH indirect ELISA experiment
(R S M 75 AT 58 A RE 8 B AR LB AR . AR
WFFEAMRAT VHH B0 3, 59 9% 4 1 2 37 VHH g
TR AR 2 S X6 PP S B B 2 1Y) i b I A it RN B PE A
A RPEAT IR L 2R O 1,08 X 10%, BH#E 4 A %
KEN96.43% . WFF AR Box, VHH 5 H b T
BUVRAE LE . DA 25 5 AH X 388 /0N 19 8 AR 8 7R SC PR
WA R 8 i i VHH B R 8 (scFv — fi%
10 ~10" cfu, VHH H 7 10°~107 cfu) ',
AL AS B9 8 S i) VHH W K P8 58 4 i B R
AR A AR ILRS VHH $iik, KN 22
ku, 5BLeH VHH i 38 19 4 7 Bt & A A w25 (5
SERFIR 485 22 YR TE 349 S A [ 245 2R L % 35 IR e 41 3
A3 DU 43 A7 I A5 D5t DR i S 36 5 i JH 4R M4 A 48 K
ANFEWR Ty BRI ORI S N SCEE BT A 2
oy F i R /N R E B AR O 5 K T 2 A
VHH ¥ifh.

Z Ak, CRP & 2 B0 FH K K D 4 Bf 58 i IR
14938 FH 1 R BE bR . Bl 2 ISR #E RS, CRP A il
T BT 280 2 B 0 B HOB 1 an i k2= AR
R IR N R ARG I 257 465, 330 S G Yy 32 #1042
P T W PURVE A oE T H. AT A Mo B 23k
137 CRP WY RUE AR U5 2 5 B oA, 5 o B T 1K L)
R ST HUAR A B ST AR 2 T Bt CRP W TR A Bt
PR PE i 6 T CRP 14 W5 B 44, 3l 3 J A% 3R 58 i 2
Fik PR 4 HEE CRP FERMESS A0 VHH, #38
165 22525 th G IE T CRP VHH 78 52 B &6 I o 1%
AT ML IR TR &4 VHH 8K 5 1 A e 3, o IF
R 53k i L R R BT AR U
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Construction and identification of phage library of single
domain antibody against C-reactive protein

ZHANG Qi' ,ZHANG Xingxing’ ,ZHONG Fagang’ , WANG Jinquan',ZHANG Xiaoying''**

1.College of Veterinary Medicine , Xinjiang Agricultural University ,Urumqi 830000, China ;
2.State Key Laboratory for Sheep Genetic Im provement and Healthy Production/
Xinjiang Academy of Agricultural and Reclamation Science ,Shihezi 832000,China ;
3.College of Veterinary Medicine ,University of Guel ph sGuelph ,Canada ,N1G 2W'1
Abstract After immunizing Bactrian camel with CRP as immunogen,the peripheral blood lympho-
cytes were isolated,the total RNA was extracted,and then the cDNA was obtained by reverse transcrip-
tion. The target gene fragment was obtained by nested PCR and cloned on the arm of T7 vector of phage
to construct the original phage library. After four rounds of biological panning,the phage library after
panning was identified by Phage-ELISA. The recombinant plasmids of pET-28a and positive clones were
constructed by Bam HI and HindIll double enzyme digestion and transformed into BL21 strain for low-
temperature induction expression. The single domain antibody was purified by His-Ni affinity chroma-
tography,and then the reactivity between the single domain antibody and CRP was identified by indirect
ELISA. The results showed that the phage library with a capacity of 1.08 X 10% cfu was successfully con-
structed,and the gene insertion rate was 96.43% (27/28). Four positive clones were successfully con-
structed and expressed in BL21 cells. The molecular weight was about 22 ku. By ELISA, the four anti-
bodies showed high affinity and specificity. The titer of V2 and V3 was 1 ¢ 3 200, which proved that the
antibody could be applied to the development of practical detection methods.
Keywords C-reactive protein (CRP); single domain antibody; phage display technology; prokary-
otic expression; biopanning
(AR A HF)



