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Screening and analysis of mimic epitopes of monoclonal
antibody 4H3 against Brucella canis .G strain

LI Qiaoling, JIANG Hui, ZHU Liangquan, FENG Yu, PENG Xiaowei, FAN Xuezheng,

QIN Yuming, DING Jiabo

National/OIE Reference Laboratory for Brucellosis, China Institute of Veterinary Drug Control, Beijing 102600, China
Abstract: [Background] At present, there are some difficulties in the diagnosis of Brucella canis.
[Objective] To screen and analyze the specific epitopes of monoclonal antibody 4H3 against Brucella
canis. [Methods] The phage display peptide library was used for screening. The 4H3 against B. canis
was used as the target molecule, which was employed to coat the ELISA plate. Then, we applied
12-mer phage display peptide library for screening through 3 rounds of biopanning. In the biopanning,
yield of phage increased from 5.00x1077 to 9.84x107°, and the false positive rate gradually decreased.
We selected 14 of the screened positive clones for amplification, followed by extraction and
sequencing of the genomic DNA. The affinity and specificity of the positive clones were detected
by iELISA and cELISA. [Results] There were 3 different kinds of short peptide sequences in
14 monoclonal phages, which were KMSIRHPIRLPI, ILRRRRKRIIQI, and QRIHMRLTTQS,
respectively. The affinity of the 3 short peptide sequences to monoclonal antibodies was in the order of
KMSIRHPIRLPI>ILRRRRKRIIQI>QRIHMRLTTQS, and KMSIRHPIRLPI and ILRRRRKRIIQI had
strong specificity. Thus, we further analyzed KMSIRHPIRLPI and ILRRRRKRIIQI and found that
KMSIRHPIRLPI showed high similarity to peptidase C26 family protein (PuuD) of B. canis RM6/66
(75% similarity in amino acids) with 4 consecutive similar amino acids. ILRRRRKRIIQI had high
similarity to 3-oxoyl-[acyl carrier protein] reductase (OAR) of B. canis RM6/66 (75% similarity in
amino acids), with 2 consecutive similar amino acids. [Conclusion] Based on phage display peptide
library, the short peptide sequences specifically binding to the monoclonal antibody against B. canis ZG

were screened out.

Keywords: Brucella canis; monoclonal antibody; 12-mer phage display peptide library; epitope
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FCBAPER P 27 A s, ATS R R A& IR (L RER I AE R E‘Eé:‘#ﬁﬂi‘%?j;%z*fh JUEE
TRIFRATRR) . HAE 1966 41 W4 B T HoAK %m%umﬁx B BER FICILAE , A7 7E ™
K, 1972 HEHWHIE M ANFILBIRIERED, 78 A ARG e A e R A 6 EG B 1Y
SERVEE N2 RIRG R A G RE  Ariew it hE %,
J&, O LRRER R TR R AN | i s A Wk AT A R 7S 5 AR 2 ik P AR 5 1) — A B
s ARBEALR., HEREEAFY, N &4, &FEH Smith #2117, & RA LR R A
”“ﬂtﬁlﬂ‘ﬁ%lil}_%iﬁﬁ%ﬁm$ﬁkﬁﬁ L7 %ﬁ%él%‘zL%‘/ﬁﬂi(ﬂjZEElf?ﬁﬂE’J—@‘I‘ﬁjﬁlﬁ‘]
sCHEM Y, BEE AT R AT, ARER BOR, FIFERMZ GO R S ik B R AL
2 fih oA B % ) IEKEK?;%RLI?&@I%_ZiﬂHO ol 2K R AP AR AW TR AR T
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AW AR ER 5 — BN R AN DNA TP
S, IR AT DAAE R 1 J s AN TR ) IR B 72 40 T
BIFTEFF R P R BT A R T LA ) e S P A
FIBURRAFAIC. AR, I AR
Ty TN mA Y 2R Y &
A PR R o R TS W A U R
HE RS A U, R I AR BT R AL
Ot % 1y FR 2T BT AR Y S LA AR A 1Y
RFATE ICR R REDUR 4H3 BROVEEARHUIR,
TRTE R AL 12 KA, ARAS- S P e Al
A RELIR BT R R AR S, DA Bk B v
DU T R A0 FC A RIS W (AR

WL

1.1 #iREkk

KA QP e BT 14 4H3 B i 5] 5/O1E
YA G RENS % L= il & A7 IEKH
BT RERTIR 4H3 BRI
1.2 FERXF

Ph.D-12™ Phage Display Pepitide Library
Kit, NEB A rl; IPTG, X-gal, PEG-8000, ;&
PUIRZRF BSA, RFEFELEYPEA R A
PBS. HUJRa e A B R4, Jb bR AR
HEARB AR ; LB S FRHEEH 10 g/L NaCl,
10 g/L EEE IR . 5 o/ BERIEREUIICE], LB {4
BB LB AR AN 12 /L BifE kil il
1.3 W AR B R 7 i B2 5o FE AR SR AL
1.3.1  JRERE AR E#E N E

W 5L G K P TR ORE A N VR B (LR ORR
10" £%),  HBCEE I 8 B T Wk T A 2R A 7 e B B
B, WE 12 BREEWE AR PR B, ORI
HEZ; PR LA 107 AR BE R P-4
HEAT IR, WA A U TR IR T
(PFU/mL)= W B BE > 550 F B8 A5 H0< 05 17 44
i, ARG, T AR

1.3.2 &8k
51 %8 AR R O BRI B 2
100 pg/mL, JIA 100 uL Ffugirf, 4 °C {4
Vo, FEEALMK, F TBST (TBS-Tween-20)
WHUEA 3 Wk, fEE A E AT, A
100 pL HPHWE, 4 °CAEH 1 h, FE4siEFHE,
F TBST WuEMRfL 6 wIFKaflinT. W
100 pL A TBST Fi BR 0 JEL 4h Wi iR 442, A 24
L, ZWEF 80 r/min MR 60 min,
PARZE G LR R AR B, A TBST 15Uk
10 K, BREH T Emabdn T, Dibisiy.
HIA 100 pL YEBL (100 ug/mL HIHES> TR H)
FEFEIR I 80 r/min, ZERBRMIRT 30 min, Hf
VENR S R 1.5 pL BO08 . EEERIAE T
FaRe, ZrEC 10 WL 9 1072, 107 A1 10 R FR
Ve AE LB/IPTG/Xgal Sl b dEA i B AE
1.3.3 [EEDTY g

S R AN B SO A @
(ODygoo 4 0.4—0.6)F¢) ER2738 15 T ', 7£37 °C,
180 r/min 258 F 1595 4.5 h, PEATY™ 1 5 37 5 )
o 2% O3 RS RRT S 1 M
6], [RIAFo> B 2 Fe RS 3 Fe bl mvk I
% 80 pg/mL 1 60 pg/mL, AW AH 2 2351
J& 6.0x10° PFU/mL £ 6.3x10'° PFU/mL.
1.3.4 MFEIRATE L

PRECER 3 FevEE o At BH I 6 o B B v e
37 °C, 180 r/min 3% 4.5h, 4 °C. 10 000 r/min
B0 5 ming WZHEL 500 pL S AR FIE 2 1.5 mL
BELE T, A 1/6 RFER £ B (polyethylene
glycol, PEG)/NaCl, yKi#+ 20 min, 12 000 r/min &5
0 10 min, 7 B3, WTEREARMA. H 100 pL
Nal EETEY), MATKZE 250 uL, FiR
PULVE 20 min, 12 000 r/min #.0> 10 min, ¥ [
o K5k W AR AWK 40 T, A 30 uL
0.1 mmol/L TE (Tris-EDTA, pH 8.0)Z% i 1 f# .
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1.3.5 PHMIEE KRB R DNA K51 E

PRI PH PR I TR R B O BE Y A EE DNA, %
A TAY TR(EE) RO BRA W)y, f#
FH-96gIIl (5"-"°CCCTCATAGTTAGCGTAACG-3')
WF5149, 1 F) F DNAStar 4347 % Bk 5 41
1.3.6 [E1% ELISA % % IE & (KA 14 52 b&

FH 4H3 BRETTREN A 5 pg/mL 438k ELISA #2,
[FEH BSA AR HEFR/EXT IR, L 100 uL,
4°C il BHHEHE M 1h, HPBST L
3K, A 100 pL B B R Py s TR A7 14 ¥ (i
JERFEZ 10" PFU/mL), RN 1 he FFf
N, FH PBST iUk 3 K, SRJGIAGE Bk
) HRP-HT M13 mAb, ZEili/x)i 1 h, ] PBST
YR 3K, I 100 uL TMB JIEY) B 07K % 5
WEYERN 20 min, JIAZERL LN, BEE
450 nm Ak I BEE .

1.3.7 TR R P4 52 BE RO 35 S 400 1 i 56

ELISA #RL¥ s bEPLIR 10 pe/FLIF 3
P, BH P 5 TR A B 3 i A i R B 1:100 .
1:200, 1:400, 1:800. 1:1 600, 1:3 200 fY 4l
ke, SRFMERHSEASERBUIRS, ER
—FUhIn AR, FL 100 uL, FEIRIET 1 h,
PBST i ¥t fL 3 X, /it HRP-4$T M13 mAb, =
¥ 100 r/min JRFEMEE 1 h, PBST iEUE 6 Ukl
Faf, B TMB RAAH 100 pl, = EGEEHEE
15 min, il 50 pL ZRW AR, FERFFRIY
I Agso fE o PR (%)=(R Z W] A4so— 4]
J5i Aaso)/ RPN A450%1005

2 BEREAW

21 BEAKEMEER

W JF AR SCRER LR RIS, DR RREE 107
P WE SR, THERM SCERMWE, 45 R
2.08x10"” PFU/mL. 7E¥@yEid i, M4 Hm
WGk P11 547 input, B0 IS 15 21 A0 5 R AR B30

output , T B A W AR B R, BRI
7= i E=output/input, M T 43 AT I B A ) = 4
0L, AWM E 3 ik, KI-HRE
PRER D, RPMERMRE ERCRRLT .
2.2 RKEWIEBTIEMERE K DNA IREER
BEHLERIC 14 A BA 5 B4 I8 AT 4K 1) Wk DR B
TERAA LB B35 37 °C WA s 5%, FF4REUH:
DNA, ZRREERS KRN, 455 14 BRWEDE &
PIRBEIRR, TERT 5 000 bp AbHBLAAY,
wE 1R,
23 BKEHIETEREEAR DNA MNFERFT
il
PR W 1A DNA #E TR, IF
JH DNAStar #AF43 Br 3 g i 1) XoF 1 22 5 iR
FE, 450 R B3 AR ] i SRR AR 3
GEA L 2, b IREE B BN = 2L
#H Y& KMSIRHPIRLPI, QRIHMRLTTQS Al
ILRRRRKRIIQI,
2.4 WERE{KFA4 5 PE [E 4% ELISA 440
FIF B4z ELISA J5 A6 4H3 PR 5O RE
PR 55 0 1 B s TR AR J R B SR N T o TR 3 e
T VeI BEALPREL 14 AW B A BH 1 e b, L
P8 5 0 W TR R W E AT AT ELISA, % o7

F1 IRHEAERFMEERR

Table 1 Enrichment of phages in 3 rounds of
panning
WHERE PR AR JPhE TR
Elutriation Antigen coating Input Output Output rate
times concentration (PFU)  (PFU)

(ng/nL)
515 100 2.0x10" 1.0x10* 5.00x1077
(1st round)
H2 5 80 6.0x10° 7.1x10° 1.18x10°°
(2nd round)
%35 60 6.3x10" 6.2x10° 9.84x10°°
(3rd round)
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bp M1 2 3 45678 91011121314

B 1 14 PEEERKBREXENER M
DL5000 DNA Marker; 1-14: 43518 14 AN BE {4
CALER &5

Figure 1 Results of DNA electrophoresis of the

14 phage. M: DL5000 DNA Marker; 1-14: The
results of DNA electrophoresis of 14 phages.

BSA XFHE, Z5ELFHT, 14 AW AR v B X 1
B 3 A KEE S 4H3 BREPTE Rt 2K
# ¥k & KMSIRHPIRLPI, ILRRRRKRIIQI .
QRIHMRLTTQS, 25 LK 2.
2.5 MEE KPR 5 BE BY 5T S HD IR 3

SRy T RGN 75 35 P R AR IR S 4H3 PR B ST

z2 EEADNANFEEMNYIERFT]

FEPLIRMZS GRS, R0 R AP A& G
ZG PR REDUAR S 3G IT R B R B A
4% Ik(KMSIRHPIRLPI 1 ILRRRRKRIIQI) %
ZG HREHE A A MmEhAR . 4RER,
Bifi %5 %F 0 24 B R 4] KMSIRHPIRLPI (C1) 0
ILRRRRKRITIQI (C3)N B 1A 5 1 5 v i PR AIK
FCA BT 5 RF & RIS E AW S1ER
BHREAR, QM R B WAL, R 2 &
W T RS R RE S S AH3 RREABT R AR RS
A, SRME 3 PR,
2.6 PRMERESRRERFSISH

FIH DNAStar F X2 B i H %) BH P 5 27
G R, 455 578 KMSIRHPIRLPI (C1) 54 &
[CTE RM6/66 H K C26 FEE 1 157-168 fii
FIZ B N 483-494 i 2 IEFRA — & FHALE
(1 4), B4 8m 12 kP24, 50 TR G
SEMR). R FFEIR). P (A RR)IIH RM6/66
HAG X% ; ILRRRRKRIIQI (C3)45 RM6/66 T
PR3- gt I - [Tt R 2 A 2 11 040 i g 126137 4oz
M nnrS FEEE AR 404-414 (A IERE —F

Table 2 Phage DNA sequencing and corresponding amino acid sequence

Frs ]l HELR T4

No. Nucleic acid sequence (5'—3) Amino acid sequence
1 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
2 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
3 ATCCTTAGGAGAAGACGGAAACGCATAATACAGATT ILRRRRKRIIQI
4 CAGCGAATACACATGAGACTCACCACGCAAAGC QRIHMRLTTQS
5 ATCCTTAGGAGAAGACGGAAACGCATAATACAGATT ILRRRRKRIIQI
6 CAGCGAATACACATGAGACTCACCACGCAAAGC QRIHMRLTTQS
7 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
8 ATCCTTAGGAGAAGACGGAAACGCATAATACAGATT ILRRRRKRIIQI
9 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
10 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
11 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
12 AAGATGAGCATTCGACATCCAATTCGTCTGCCAATC KMSIRHPIRLPI
13 CAGCGAATACACATGAGACTCACCACGCAAAGC QRIHMRLTTQS
14 CAGCGAATACACATGAGACTCACCACGCAAAGC QRIHMRLTTQS
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201 o Phage L5r

18 BSA —-e-Cl1

1.6 | 1.2+ = C3

1.4} —A—MI13

1.2+ 09}

= 1.0} <

0.8 0.6 -

0.6 -

0.4 0.3

0.2 R

0 0 00 | | | 1 1 1
i \] N\ \ \] N N

3 A w» _ch (OQ N\)
Positive phage clones N> e NS N \._\ \.’bq’

B2 (84 ELISA i B KSR 4E & B 471 4H3
T

Figure 2 Test of binding activity of the phage small
peptides to 4H3 monoclonal antibodyby iELISA.

A IPER 5), FEH 12 k%8 3. 5. 8 fiif R
(K 21 5 RM6/66 A XTI . 453K, Cl
M C3 Py 4 fE7E R (FE 2R )5 RM6/66 H A
XPRE, &5 R OATRE A BRGS0 B2
iR 57 A5 o

3 WwE5E#®
TR R YN T T R R B AR s
A EAE AR EE, 2RSSR W

Query 1 KMSIFHFIRLPI 12
+-HRHPHL

AlJ83625.1 611 157 RFAIPHIVKLNP 168

Dilution of phage short peptide

3 F% ELISA PR E (K45 & B i 4H3
it
Figure 3 Test of binding specificity of the phage

small peptides to 4H3 monoclonal antibodyby
cELISA.

T AR RN T b, e
A2 OL0) P Wt R 7S B AR O 32 £ 45 A2 43 BT T
Km#E I EAS G2, TR L5
S RENIR oAl P G M V1 A FU SRR N
ik 1 7F 22 R Mk L FRAT R TapA 38 FIPURRANL,
R Y LTS A2 W B T AR iR ER T,
W PR AR AL 22 KT LA A R P 6 12 T

1 KMSIFHPIRLPI 12
S + +P1
AlJ81700.1_685 483 GQSI"K'MHIPI 494

Query

4 BHMAMEER 12 KEEEEFY C1 5 RM6/66 ik ERHFIILEER

Figure 4 Comparison of 12 peptide amino acid sequence C1 of monoclonal antibody positive phage with

the whole proteome sequence of strain RM6/66.

1 ILERERKRIIQI 12
++BRR RII I

Query

AIJ81885.1 534 126 NMWIERENGHIINI 137

Query

1 ILERERKEIIQL 12
+LR+RR. R+

AlJB4304.1 1084 404 LLEKFES:MG 414

5 BHMAMEREIR 12 KEEEFEY C3 5 RM6/66 Bk ERHFIILLITER

Figure 5 Comparison of 12 peptide amino acid sequence C3 of monoclonal antibody positive phage with

the whole proteome sequence of strain RM6/66.
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ARG AR PSR ZG 43 B ARl &1
By BEDUIA 4H3 RWFSEXT S, FMETE R 12 Bk
PEGf e T 6r, X R) 14 AP e pE
W PR BELEA I )5, f5 3 ORI g KT 51
4y %) /&= KMSIRHPIRLPI, ILRRRRKRIIQI i
QRIHMRLTTQS . #R #f& (6] # ELISA #0135 4
ELISA XTHCERME . FemrEm e g5, Hrp
KMSIRHPIRLPI 11 ILRRRRKRIIQI ix 2 £ £ Jik
REEA BRI T, NHA RS RS

275538, KMSIRHPIRLPI 5 4ji &[G TR
6/66 FH A H KA C26 KK 1Y 157168 i 4
R A 5 T A AR, H 4 ks
IR A Tle-Arg-His-Pro, 1 HAFAE 4 MAHMIE
JLMR , /092 Met-Phe . Ser-Ala. Ile-Val il
Arg-Lys, 5fikiil C26 KRB LTG5 N 75%;
SEKEE N 483-494 [V IEMRA S [ A ILMRAF
A, FETE 3 fLiESLaE LR, BI Ser-lle-Arg, 7
15 2 AR L BLR 73 1) 2 Tle-Met A1 Leu-lle,
P4 %N 58.3%, ILRRRRKRIIQI 5 Afi &[G
6/66 TPk H 3~ 4 Mok i - ok 2 AR K R AR D g
126-137 (&I T4 7 MEARRATS, Wilta
3 MLELEM AR, 752 Arg-Arg-Arg F
Arg-lle-lle, fF7E 2 (iAHIZIERR N 1le-Met F
Leu-Met, fF&X N 75%; 5 nnrS FikE H
) 404-414 (i SR A 5 M AERITS ,
HIALAFAEFESE 2 (2 R, 535 /2 Leu-Arg
M Arg-Arg, fATE 3 AL AL #R 43 l 2
lle-Leu. Arg-Lys #il Ile-Met, 58N 66.7%.
DL B85 AT, v — 2% B e e R A 28 ik
(KMSIRHPIRLPI)X I () 24 SE R £ IR C26 &K
R AL AR 2, IR
Ik, AR AT BB AR I 8 P AR 2 1, O
ILRRRRKRITQI % 37 Y 3-480 I -t S 4 1A 7 19
W5, WA ATRERCN HAREE 1 .

kB C26 K F17E NCBI B HFER&Z v-&

RAME-y-2 3 T /K (PuuD), S 5HEMH
Puu i12, B y-1 2 ME-y-24 25 T FR(y-Glu-GABA)
IKff AT AN -2 2L T R (y-aminobutyric acid,
GABA)™ . 7 k2 45 2 WK sk B, y- 2 5k
T (y-aminobutyric acid)ifi & #{FR1E GABA,
MU IAEER A EER, TR AETAARR
o, TERCEW AR 2 B ER TS . GABA fE
Sk L o) S A1 S g K A A BT 4
BRI PR P 3- A - B A H il
Jit i (OAR) TE 4t 11 A 107 1R 5 Al 448 vh A #E H 22
YEH, 54k 35000 k- ot 58 8 & ik
iR Hofi b NADPH R Hif B- i B
ACP JRYIE N B-FEMESRE ACP 774y, IXIENRNI
i A= 00 I fof ]300 o 0 55— A 3 A RO
JIg JU PR e A LR 1 22 4l e, IR KR B e
21 B 20 B I B A= Wy Wy PR A, 3 o E T R D R
W TE B S B8 AE R B R P . IR TR AR B
hee, E N RAFIRIERT B FBH I T AN
Kig A AETRRUIRAEY G R, m2EiE
A TSRO, L e A A SR TR Y
FHFE R, 3-SE BRI E (R
J B (OAR)Z: 5 g 1D 2 A W) G B 1) 3l R o) o 22
[RBAME R A2 T RE i B HEAE T, -4
Pk -y- 2 56 T PR K A it 55 3- 4 Tk 56 - Tk i 2 M 2
P D il AT 6 P T A T IR A9

RFhAT S FC P 2 LR (R RS R A B, R L
A R A0 40 s £ M (lipopolysaccharide, LPS),
PRI AEA2 Wi )7 TR AE — 8 WRIXE . ASAF 50 38 2ok
PR FEALRR /R R, X E RS R A A& [
AR S M B S BT P P S R R A T T 1 1
FE ST, W1 2 SR BH I KT A A
G35 R A A & IR R KB C26 K% 1
(PuuD)Fl 3-% I k- Bk BL A 25 1A 5 i (OAR)
FFEREE, ZR i — 20 0 T R A A
& IR iz Bt 7 orR ALt
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