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Abstract: A multiple antigenic peptide (MAP), composed of six B-cell epitopes and three T-cell
epitopes derived from antigenic proteins of Mycoplasma capricolum subsp. capripneumoniae
(Mccp), was designed and expressed in Escherichia coli cells, which was then injected into mice
to evaluate humoral and cellular immune responses induced by the recombinant MAP. Antibody
levels against MAP, each single B-cell epitope, and the ultrasonic-treated crude Mccp antigen
were all significantly increased (P<C0.01). Results of in vitro metabolic inhibition test indicated
that diluted sera (1:64) from immunized mice inhibited Mccp growth. Splenic lymphocytes from
the immunized mice exhibited remarkable proliferation when stimulated by each single
T-cell epitope and crude Mccp antigen (P<C0.01). The production of IFN-y, TNF-q¢, IL-18, and
11.-10 were increased (P<C0. 001), while that of 11.-12 was decreased (P<C0. 001). These data

showed that the constructed MAP stimulated immune responses in mice. The results laid a cer-
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tain foundation to develop subunit vaccine against contagious caprine pleuropneumonia caused by

Mecep.

Key words: immune response; mice; multiple antigenic peptides; Mycoplasma ca pricolum subsp.

capripneumoniae

L 2F 3 A 1L 2 il % AP (Moycoplasma ca pri-
colum subsp. capripneumoniae, Mccp), J&5|# 1L
A% Yy g JIE il 4 (contagious capripleuropneumo-
nia, CCPP) B IR - 1255 LAV I L P 15 [T R6E L A 44
N FBAHFES . CCPP gttt 5 s ) P AE A 848 78 0
JUE fEH IR Z — . BT Meep 193 1
TR R AR B = A T IR T DA B A A
Mcep ARG — & — DR TR &, H i,
Bii CCPP Ry ¥ B 42 % 02 KIG 2 8, (B 1 T Mccep 7
PARHI 5 5 77 s AR AR BT DA KT 5 1 1 )3z g
S B PR o PRI A S s 2% £ X CCPP
AE R R AR . R 2 0 3 i i BT Jr
o B 20 M 2 62 Fn T 40 i 2 A 41 19 22 3 0 DK
(multiple antigenic peptide, MAP) i T B H 18 &
8 G2 S T 8 1 22 W 5 | IR Bk A B R 2 —
XL TEAE TIN5 9 5 11 B 922 0 B S V6 0 BE
JE D LB RO B L A TR R R A | S A A T T
A HRES

AT D2 05 S Tt A — S S LA R A0 T ) D
JoE o ELA A SR W B T A B D R
T, 2 MR G b O 3 A B R S
PER = ASE BT b, OO ARG B gi SR A
T SR AL A T MAP, X 45 5 MAP & 1
3 DR R A7 & IR 7E R W AR T b R GK L PEAG T
MAP 512 /Iy BB 1A G 5 R 20 S e . T O
PEFRALHY Mceep 19 = A G2 JsL 1 19 45 1 5 0 il o I
i B2 1 & B E1-o . PR (v (pyruvate dehydrogenase
El component alpha subunit, PDHA) | 5 Eil & i &
fiff E1-B WP 5. {i (pyruvate dehydrogenase complex
El component beta subunit, PDHB) F1 P i & i
ity 53 5 W) — U0 S Tt Bk & Tt %% 7% 1 (dihydrolipoyll-
ysine-residue acetyltransferase components of the

pyruvate dehydrogenase complex, PDHC) 12|

1 #R5FE
1.1 E#KRIE

Mcep 1601 R4 25 B H R 3 3 11 5, 85 57 5
KM Thiaucourt 715 # 5k (1 L K5 37 FL 4 Bl . PP-

LO W 21 g %0 | g INEER B 2 g, JoU it A B
Fb 25% Ay i BE 32 9 100 mL, 0. 4% Ay M 20 0. 18
mL, K% DI 3 200 mL, KK % 10 75 % % 20 7
IU,H pH H 7.4~7.6),

1.2 Mecep BHMERNGH &

WOk A KR B2 O 10° CCU » mL ' Y Mecp
#i.12 000 r « min ' Bf.L> 20 min, JT3E A 0. 15
mol « L ~'pH7. 2 RYBERR £h 28 vp I VL I B IF IS L 1E
vk b R S i i Y (sonicator, Sydney , Austral-
ia) BY B, A % 30 s 45215 30 s, Biit 30 min, Jf] Brad-
ford J5 ¥ %€ 85 H i & i (Bio-Rad Protein Assay,
Bio-Rad, Hercules, USA),

1.3 Mcep HRME

Meep & 4 L35 /2 - Meep 42 B 85 5060 02 19
L M3 - h 2B L A R A . E) 5 I BE R (2015
BB LT 35 SOMM BN L 12 512, KIKH &
BRANT B KIE 5 — 8 WY Mceep 42 I8 Ui 41
55 80 IR 58 A48 R A IR o8 e AE RN & 2L Ak
FR R 22 s HeFh Meep $0 14 B i £ BRE 1L S 11K
e e HE A B8R IR 58 A B, 21 d 5 R IR o8 24k
FIPUR TS R R 11 d 5. s IRA T4
PRI AT 56 = IR Az
1.4 BZRRA.T MR GHIEFER MAP G151
i

%% PDHA .PDHB & PDHC ) % [/ )3 51 3 I
F Mccp M1601 #f ( GenBank accession No. :
AENG01000001)"", I ABCPred Chttp://www.
imtech. res. in/raghava/abcpred/) 3 {4 i B 28 iy
i, A SYFPEITHI (http://www. syfpeithi. de/
bin/MHCServer. dll/EpitopePrediction. htm) %% {4
TN T A0 M 2 A7 . R AR R A5 0 25 R T S Ok Y
A4 i e 57 #E 47 5 1k (Shanghai Invitrogen Biotech-
nology Co. , Ltd. Shanghai, China), J{¥ JLF} i
Iy AT BE Y R AL H 2R R K R A O A R
MAP, Jif i1 DNAStar H1 19 protean Xt 21 #f# MAP
AR 25 K TR AT B0 B i 7K e 5 O3 AT o o i 28 B e 1 )
(4 4 i MAP 1 3% X 91 #4715 B (Genscript Bio-
technology Co. , Ltd. Nanjing, China),
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1.5 E4A MAP fyRixM4t

WG L MAP B[R %3] pET-32a(+) ik
JETE R HE E. coli strain BL21 347 S £
ik 2 BRUL BT A AR AR HE 4T 4l 4k (Genscript Bio-
technology Co. , Ltd. Nanjing, China),
1.6 Zh¥kR

¥ A A AL S Y 6 ~8 JE ik % SPF 4% 1
1) BALB/C /R 10 HBEHLr P4, B2 5 H
39 A 5 A RN NS BRZH L A e 4H R R TEST A 50 pg
MAP {9 A 5 3 U & 2 A T 1 U X IR 4 B2
VRS SE R RS PBS 5l IR RNR & 1 IRk
N by s TR 58 4 AR R B = AR R Ol A TR 52 A A
A
1.7 miEHmE#EEFR IgG LR 5547

G S8 T IAL Y A S X BRI Y L 56 3 Ik e g 14 d
SR LG BEAT PO B R A M. L MAP AR R
BB 0w FH ) 42 Tl K B 5 W R 38 4G T 1eG L TGl
M 1eG2a, FERB BB T B 20 g » mL ' 1
MAP 4 96 FLEFIRAR .4 “CRl 8, PE ¥ E A S A
FERL LY 37 “CHER 1 h 43 5l DABRAR 2 S0 16 4 86
LA T/ B TeGL 1gGl FI 1gG2a Hii{k (Bethyl
Laboratories, Montgomery, TX, USA) & ¥,
37 °CHFE 1 h, DLy B LB R i o B, LA 2
mol « L' ¥ i B2y 2% 1E & - i B X (Bio-Rad La-
boratories, Inc. , Hercules, CA, USA) I 450 nm
B OD B . R S 1R MAP 7 A 401k K
AR EF X Meep $TIR 0948 5 PE, DL 20 pg « mL ™!
(9 Meep b8 47 Dt A B 86 B A 2 31 ARG 0 4 92 /)N B 110
IgG Hidk S 1gG1 Al 1gG2a FLAR WAL, [6] i 1
B UEFRIN Y B 40 R AL I EE . LL 50 pg e mL T
B Y AR 1 U i B A 3R 0L K (AL, A2 B1, B2,
C1.C2) 43 3]0, 9 1ty b A A ) B 922/ BRLIY TG BT dAk
HARL R L
1.8 i &k 58

15 96 fLPIREE R b, A Meep 35 75 364 #OK
51 MAP G /UM TE N 1 s 2 JFIR 05 oM B 2
1= 512, R JE A SE HE VR 2 10° CCU » mL™ 'Y
Mcep W, & 37 CHER 7 d, /0 BSR4 o
BAE XS BR Meep & $ie 13 7 S B A XS BR . Meep 5%
Fr AR g 25 0 IR B 7 W0 €0 8 A AT D PR AG Mecep
Az KA e AR U
1.9 P&tk B2 2 P 1 58 43 4

TER B =5 14 d DLJE A9 /N RO B i3 28 200

FBY JE Jg JBE T itk B 40 B 73 25 ¥ (Beijing Solarbio
Science & Technology Co. , Ltd. , Beijing, China)
O3B G R AN R R 1640 5 SR 5L op il H 2k B
H6X10°% « mL1,F 24 fLP IR B IR L A LIA
1 mL 20 f & JF 20 0 A AN B T 48 3% A7
TATB Ffl TC(Z i W EE A 50 pg » mL ') Al
Mcep B HT IR (L i W 100 pg « mL )
A R o ) P 58 ST AN T Jir A 200 L Ak 3 0 Ay B e o)
B K ER AR E T CO, Bigpffih bR 5 d )5 AR 4
240 1 8 5 T ) & 1 8 B A 2R AT #F (Promega
Corporation, Madison, WI, USA) , #& & #ll 14 35 %%
R TPt Ik 2 40 JH 3 4 R 98 K0S T m B R Y
OD.g o fE/ A BT JEHNBEL T ODy0 o {6
1.10 ZAaEF5H

6] bR AL FRAF A 6 >X10° « mL ' B 40 B A
Meep B I ol FL 28 B e B2 g 100 pg » mL 1,
T 24 fLFIR IRt B B AL A T mL 40 B
37 CCHER . FHR b AL A0 3R & A I TEN-v, TNF-q,
IL-18.1L-10 Al 1L-12 i # 4l jfs [ F (Dakewe Bio-
tech Co., Ltd. , Shenzhen, China), %% 72 h 5
Kl TL-18 1 11.-10,96 h f5 4 IFN-y, TNF-« #
IL-12'7,
L11 BESWH

B4 % A SPSS 11. 0(IBM-SPSS, Inc. , Chica-
go. IL. USA)BAFHEAT o3t - I R I (6 5 A 1
i 22 118 X2 s BiHis 8] 19 T 8ok O 22 20 W 19 O
2, P<<0.05 KR AABEMEZER.

2 # R
2.1 RAUMIEER MAP K4

HEH A3 or 45 R e £ T 54 B 4 i 2 47 (AL,
A2.B1.B2.C1.C2) =4 T 4iffi k{7 (TA.TB,
TC) il i DNAStar #1) protean 473 45 th
GG 4 74 B1.B2, TB,C1,C2, TC,A1,A2, TA
TP 14T R A i 2 R ) R R A B A A G B 1)
B MAP 254, MCFEEIE 1,
2.2 E4 MAP W FR&E. 4

WG L MAP B[R %4 5] pET-32a(+) #ik
JETERBAFE E. coli BL21 #krp #E4715 4R35 JF
2 W8 UL I A5 B A AT 4k, ek Al AL T . ik )5 Y
ZEAR LA,
2.3 HGERETESSH

FHELISAJ5 i K i i) Bt 14 7K 7 S 33 78 43 By
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Table 1 Selected Mccp peptides for construction of MAP and MAP structure

Jik KA B 5 Jr ) 2= A5k
Peptide Origin Amino acid sequences Contained epitopes
Bl PDHB(147-154) CPSTPYDT B-cell epitopes
B2 PDHB(162-170) IDSPDPVIV B-cell epitopes
TB PDHB(310-319) FQVNPKKVLV T-cell epitopes
Al PDHA(119-130) EAGGKAPEGVNC B-cell epitopes
A2 PDHA(266-275) SSDNPDVYRP B-cell epitopes
TA PDHA(175-184) YEAMNFAKLH T-cell epitopes
C1 PDHC(151-158) VTPTGPNQ B-cell epitopes
C2 PDHC(371-378) PIINSPES B-cell epitopes
TC PDHC(236-245) FTGMKNTDIT T-cell epitopes
MAP * B1-GG-B2-GG-TB-GG-A1-GG-A2-GG-TA-GG-CI-GG-C2-GG-TC

* i3t GG ¢ B1.B2,TB.A1, A2, TA C1.C2.TC Myl Fy 4 vk AR %
* Bl, B2, TB, Al, A2, TA, C1,C2 and TC were situated in tandem through the GG spacer sequence

WL 2Ca) S8 2Ch) FE 2 () Fl 8 AR LG . 40 3
BN B 1ML (AT, A2,B1.B2,C1.C2) T4
1) MAP DL J Meep #8854 )52 A0 8% i b A A6 00 iy /)
S I A 24 A B 2 1 s 7 P<<0. 01D, X B
ZH R G A B AR T Bl R o) . RIFRY
FREERTAR LG B 4109 MAP DL K Mcep @8RBI
AL AR AR A T 1) TgG1 Fl TgG2a HTAR I ALK - 14
R R P<<0. 01) . X BE 2 4 955 B 5 %
A AR Gl A B ) .
2.4 RigHHPFIHRLE

W RE A1 2 2 1 128 5 B P A% X
PRMIE 6] 7 Meep AR, 1 22 B 1 : 64 Wi BRI
MAP G328 /)5 BRI o RE A% 4 1) Mccp 19 2E K L i 4
Y25 T I Y BB A A Meep W9 A= 4. 76 B BH % X R
BEAE AT ER T s MAP 3% /N BRI X Meep 4 K
BAMHEER .
2.5 PRHBHEEES

ZIN BT U £ 20 e g B 5 SR DL 3R 2, R
HEAAH B, S 4l R4 2 TALTB. TC #l # .
i & ] Mcep 88 85 BT 50 i B, F- X i B0Es B A
Bl W2 F+ (TA, P<<0.01; TB, P<<0.01; TC,
P<<0.01;Mecep L5, P<<0.001),
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M. Protein marker; 1. Before purification; 2. Purified re-
combinant MAP

1 FEZ MAP f&Rik. 4k

Fig. 1 Expression and purification of the recombinat MAP

2.6 ZHRREEF

ARSI L bR EEL 240 L D 40 DR 43 B K- 25 R L 3R
3 R B2 A L %% 4 TIFN-y, TNF-o. IL-18
11L-10 48 s B /K F- B 8 42 7+ (e 57 P<<0. 001) , 1]
TL-12 4 P 7K SF- B 5 R f (P<<0. 001D,
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&) 0.6
B0
0.4
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02 F g T
Al A2 Bl B2 Cl 2 MAP  Mcep
PUJit Antigen
MAPE R McepfE At
b 16 . c 16 r
A A
12 uA 4a 12 R A
A A Ay A da
~ 12 N * ad
£ £
oz ! os If
S = e = L
i § 0.8 }i— E 0.8
2 <E< 0.6 gg 0.6 |
B 04 B o4}
0.2 S006° 000% 02 | % 0%6%
0
IgG1 IgG2a IgG1 IgG2a

IgGFAY 1gG subclass
VO RIENT; A TS SRPETT S AR L, T A $iiE 1 P<0.01

, < .Before immunization; mm | A .After immunization. Gompared with data before immunization, P<0.01

IgGF#Y 1gG subclass

B2 F A1.A2.B1.,B2.C1.C2.MAP Mccp fEAFMIEW N IgG 1k (a) , A MAP {EAIER T IgGl. 1gG2a Hi Ik
El(b), F Mcep fEAHIRE# N IgGl. 1gG2a FE L E (c)

Fig. 2 Total IgG against the corresponding peptides of A1, A2, B1, B2, C1, C2, the recombinant MAP and the crude
Meccp antigen (a), IgG subclass (IgGl and IgG2a) against the recombinat MAP (b), and IgG subclass (IgG1l and
IgG2a) against the crude Mccp (c)

F2 NRMEHE RIS EIKE (xts)

Table 2 Splenic lymphocyte proliferation in mice (x=*s)

SEIA R 1F5 B Mean stimulation index

H 5] Groups

TA TB TC Meccep $LJE Mceep antigen
# ¥ 41 Immunized group 2.0340.25" 2.4540.20" 2.284+0.27" 3.47+0.15""
Xf i 20 Control group 1.02+0.13 1.35+0. 20 1.20+0.15 1.14+0. 23

A TATBUTC # Meep 50 F4 Ik T 248 60384 568 23 B, S50 P 35908 AR fE 7 25 3878 (g4l 5 HD,
G EEABE 2R (. P<0.01, * x.P<0.00D
Splenic lymphocyte proliferation assay was performed using TA, TB, TC and crude Mccp antigen. Data are expressed as the

*Loxox SR LRI B

mean®SD (n=75, each group). %, * % Statistically significant differences between immunized groups and control groups

(% .P<<0.01, » %, P<C0.001)
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Table 3 The levels of cytokines produced by splenic lymphocytes in vitro (x=%s) pg s mL™!
] A F Cytokines
H 5| Group Y
TNF-« IL-183 IFN-vy 1L.-10 11.-12
9% 4 Immunized group 250.3416.4" 33.4+6.2" 30.6+5.5" 287.5415.3" <8
Xf #E 2 Control group <32 <8 <8 <32 25.6+5.4

— W 2 /MR g4 5 B
TNF-o #1 IL-12, H* = =" 3R,

) o B A0 B 400 0% % A W R 5 5% 72 h AR TL-18 A IL-10, K5 3% 96 h A IFN-v,
x G AURD X BE 41 2% 5 3%, P<<0. 001

The splenic lymphocyte culture supernatants taken from mice (n=5, each group) 2 weeks afte the last immunization were ex-

amined for cytokine production. Values for IL-1g and IL-10 from 72 h culture and IFN-y, TNF-q and IL-12 from 96 h culture.

Data are expressed as the x =+ s.
0.001

3 i

Z EYUR K E 4R AR PR . AR08 51 R BE
ek N AR RS VAR T S R TE  mR NS
Jili 48 37l o RT3 & T MAP B9 H 5 BF 58 . IR I
ARHIF 5T 25 W T L 2 A% Y 1 e S i 5 928 T 46 328 B A 1Y)
MAP {5 JEPERE 5T . IR I N =AY B g JE vk
) He i PDHA (PDHB.PDHC Hr #Uil 5ifi & 7 L3
i, Ho S SE 1R A7 & 4 5 8 PDHA (A1, 119—130;
A2,266—275; TA,175—184), PDHB (B1, 147—
154; B2, 162—170; TB, 310—319), PDHC (C1,
151—158; €2,371—378;TC,236—245) . 4 LA~ %
MM ZEH GG %4 11 B E A R MAP M,
T3 A o B 3R B 5 1 e S AE R T R AR
RLAEF 1 TGA 78 3 AR b g 1 (0 20 %, B o ik
5 ok i MAP 1 38 P 5 3R 17 T 28 A8 44k, IF
I A% IR AR ARAT BB T SRR R BRI
T A B T i £ 22 KRG B R BN 3 N OK ik
1 A = T 2L

MAP Fil AL = A (5T R BE 95 Al MAP HiJi
A B 4R Meep #8151 & A AR I 16 SO
I ECL 240 M 3 5 a3 ey 43 0 B AS T 4 M 2% A
Meep 8 BT 5 I 38 I 3 58 516 200 i 344 57, 154 B T
0 1 22 067 HL AT — 7 1 S 8 A DG T e

200 i DR 7 B0 P R 1) o B R 4 R B AR
FH » 22 P G 325 200 e R0 400 it P17 22 ) AH B AR 0 A
5T B VA 45 A IR T 22 I B b
A PR . A TN B MAP
J& TNF-o JFN-y, IL-10 TL-1p ff 43 W6 2 B G 1 i
1 TL-12 1) 43 0 32k D) B k20 . TEN-y 7 200 Jfd 4 93

% Statistically significant differences between immunized groups and control groups., P<C

o AR BB, TNF-o F8 2 aErE T 40
JRLFN Thl %20 M A S 1) G528 )L 7= 4 TL-18 g

515 T 440 i 1L-2 s HAb 40 i R 7. 1L-10 &5
T M3 58 57 A 1gG L IQE Hi M4 B G 9% 98 5 40 ¢
IL-12 W R E S TL-10 FiEA %, B4 7 =

B (RS PR X — 251816 S. Chatterjee 25 1B 5%
Pl A HRGEN . LA M 1gGl  1gG2a HL iR W Al K

AR T 38R &£ Z PR RN MAP A1) L)
P /NE= 42 Thl/Th2 G 0 . RERE S 5| A 2L
R A VR B 95 DA L B 928 5 X — 4518 5 Francis 5§ (1)
(O RFF 55 25 SR A — 1o

AR R 6 B8 . B MAP 7= 24 1 1A g 9%
HURT Mccp, iF— 2 F I E 41 1) MAP g% =4 — &
4 S 28 A 3P 1 T B2 0% MAP 76 45 3K 119 W0 B0 o7 328
B YU A7 IR B i 1 T, T — A 1
H AR B IE MAP 761122 5B .

4 &

g g EH LA S A L S i A I RR S S B2
TR =A T 4 M 3= 07 41 % 1 2 3 i Ik MAP
o /N R 8 1/ B TG B AR S H 1gGL Al 1gG2a
PP A A D A 28 /0N Rt 9 A A ] K g ok
20 M g A 1k A M R A L 2 R W OR R Y
MAP B % 5| 2 /Iy BB 1 VR e 8 70 400 L 4 % oA 1l
A% Y B A A S R A 8 B F R k2 B T B AR
e T
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