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Cloning, prokaryotic expression and reactogenicity analysis
of a recombinant protein for detecting Mycoplasma hyorhinis

XIONG Qi-yan,JI Yan,LIU Zhan-jun, MA Qing-hong,
FENG Zhi-xin, LIU Mao-jun,BAI Fang-fang, SHAO Guo-qing

(Institute o f Veterinary Medicine , Jiangsu Academy of Agricultural Sciences /| Key Laboratory
of Veterinary Biological Engineering and Technology , Ministry of Agriculture / National Center
for Engineering Research of Veterinary Bio-products, Nanjing 210014, China)

ABSTRACT :In the present study, a recombinant protein containing segments of different variable lipoprotein(vlp) of My-
coplasma hyorhinis (Mhr) was constructed to be used as antigen for detecting serum antibody. A gene coding for the recombi-
nant protein containing repeating region sequences of all the 7 vlp members was designed and optimized for expressing in Esche-
richia coli. The gene was inserted into the prokaryotic expression vector pET-32a(+) and transformed into Escherichia coli.
PCR and DNA sequencing was used to identify the positive clone. The recombinant vlpA-G was induced to express by IPTG
and purified by the Ni-column. The interaction between vIlpA-G and positive rabbit serum against Mhr was tested by the West-
ern blot assay. After that, vIpA-G was used as coating antigen to primarily establish an indirect ELISA method to detect the
antibody in the serum of swine. The result indicated that the genetic engineering bacteria expressing recombinant vlpA-G was
successfully constructed confirming by PCR and DNA sequencing. An obvious protein band existed after induction by IPTG.
Then vlpA-G protein was purified by using the Ni-column. In the assay of Western blot, the purified vlpA-G showed a strong

reaction with the standard positive rabbit serum for Mhr. The vlpA-G was then used to establish an indirect ELISA method,

and showed positive result when detecting the Mhr positive
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AN % . 7 B % . Email : gqshaonj@163. com pig serum. In conclusion, a recombinant vIpA-G protein is
PEEBAL I A AR YR FREEFET, R L LA A D & TR constructed and proved to be reactogenic to the antibody for
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Mhr. The result of this research provided a potential antigen
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the recombinant vaccine against Mhr infection.
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W8 TR (Mycoplasma hyorhinis) (LLF i
5ol Mhr) J& —Fh BB 5| 5 2 Kk KB L OCT
R E R 9 A5 E 1 B0 PE AN . Mhr
TE I R A 3 1) SRR e R 35 vy o i el BB B R A%
2y /NHE FEEEE A b R AL R L 0 T I
ARG 25 KA ARG SR IR T R PR
WY & HE . Mhr o 40 5 5% b g ] B 3R TS G
B WS ARSI AE SR M BF5E K I Mhr R 5
UNCOEZL R h R O = NN 7R N TN N
9 R S A B R A OGS . BTG R b Mhr
AR JE e A N 2 AR T PCR 7k i AR R i Ak
g T i 35 2 A

S AAC T S DR AR XT38/ DN o Bk 2 A Y BE 5 4 L 7E
25 T S AR 1) B DR 2 R A 220 i 2% T AT A8 iR
AR D RE T 2 i O R R 2R R
/N R S AR 3R T 1 D T B S Ak ke
F 0 G RGN DT AR A [m] 45 3= e 552 B 455 22 )k
e, Mhr b PR R AT A2 JE B A vip (variable
lipoprotein, vip)"' , BT &M H Mhr vlp K& K
S T A 510 vIpA-VIpG o A BIESE A R
K—MEAEH BT vIpA-vIpG 1 FE RN X E
HE AT E# S Mhr B IE 2 W07 %k, LT
¥ % Mhr 54 & H B .

1 MRE5FE

1.1 R R

L1 WA S EOR. RIBAFE BL-21(DE3) J %
K BRI pET-32a(4) ¥ 1 VL9748 4Rl Bl 27 b 24
BEWF 5T BT IR AT

1.1.2 MRS IECR SRR 45 4 R B, 36 | Milli-
pore 2\ F) s BRAE 4 g 2R W) BHE 2 R 5 BROAR 2 4 Ak
VIl bR 0 1) E P AE 1gG, 36 [E Bethyl 24 A] 5 BUR i
A ALY AR IC 0 PR 1eG oy DU - 74 9 T A
AR A DAB 8k, DT+ 20 w5 B G
s 4 W E AR ) BB 2 B ). Mhr BH P A i T . S0 5
= F il FH Mhr 418 K6 B R G g 5 H A BB vy 2=
KA, s 3 RN 2 JH L5 3 WHEls 2
e Ifit s Mhr BHPE 5 107 5 525 % A il Mhr 225§ 2K

TGP 3 SRR, TR 3 Wik Bl b 2 & L 26
3SWHRIEG 2 JR M,
1.2 WK mik
1.2.1 vIpA-G FEHiXit 1F GenBank F#% vilp
FIE W TH) . blast 438 8 H v Be i) Mhr 47 55
P I ir 4 B EE X )T, HYE R R AL 5
£ . vIpB-vlpG FEH M EEZ X AR 2 BEEREE A B
A 2Z (8 38 0 2k R B GGGGS 1 % #2 1K
HF vIpA FTREAL & A B B 2 X BIf [l 450
B — B vIpA W EE B L GGGGS Sy i 42 ik
FRIRAE vIpB-G 19 C i, WS Bl EHAHE H vIpA-G,
1.2.2 HYAHEMA vIpA-G RIKFR M E R
A i 7 AR R A vIpB-G By £ 41, [a] i)
I K FF T MR 2% 110 2% 05 - 1647 17 90 P 4 DL 3S B &
k. PSRN EcoR T M Hind [T BEYIN 5. &
IR B 4 EcoR 1 1 Hind Il XU EE V] J5 46 A
pET-32a(+) 75 it ki 48 14 v, 14 2 154 3] pET32a-
vipB-G 4 # 38 Uk,

1E vIpB-G J¥ 8 () 3 i b, AR 45 GenBank H %%
KR vIpA 7B CE S5 8 AF193874. D i it 51 4
P vipA R EE F B vIpB-G 1 C ufi , H (A
A GGGGS MM iEH IR, BRIk : LA vIpB-G
SE A BRI P O i PCR ) 7 5 47 38 45 5]
vIpA-G FE, C ¥ in A Hind [l B§ ) {7 &5, PCR 3]
Yol EWEel .5 -AAAGAATTCGGCGGT-
GGCGGCTCGGGCACGGGCTCGGATTCTCAG
3 RS W-1,5-TGCGTATTTTCGGTTTTCG
AGCCGCCACCGCCGCTGTCTGCCTGACCGCT
GCTTT 3'; F#sI4-2, 5'-CCGAAGCTTAGGT-
GCCCGGCGCCTCGCTTTGCTGCGTATTTTCG
GTTTTCGAGCC 3", ¥ 1) PCR = ¥4 EcoR |
A Hind [l WA 1 J5 4 A pET-32a(+) 28 JFik: 4 44
o R AR B K8 vIpA-G W 4 BTk pET32a-vl-
pPA-G, $ALKIHFF# BL21 B2 25 40, i 51
YR TS 4-2 PCR ik FHAE 5 B, 75 21 /9 BH 4 50
R AT — UK B B B, 7 A2 O Ok — Ik, AR A PH PR A
PR 5 T A0 I IR L A T A R AT R
1.2.3 HH vIpA-G EHMEIL 20 pL H
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A W R 5 mL Z WP LB K3 b, i e 1
FEAS BN FP T, U F KR IR LA 200 1 o 4 A
MR LB B SR IR G IR R ODgoo [HN 0. 4
~0.6,50 IPTG ZAWE 1 mmol/L,37CiER, F
AN T s ] 5 i 4 TR A4, 14T SDS-PAGE (15 % 43 i
JE .5 0 v 4 IS ) I A i A 75 T B I

1.2.4 HY vIpA-G EHEAMWH & Lotk W -
i, IF T R B 04 S5 A 75 I [) e S R TR AR L R
ZLFRDAR B0 U B R R R T Ak

1.2. 5 Western Blot # ]l Mhr ik HEHZ
SDS-PAGE 4385, H ¢ T %5 Ep ¥ (Tris-Gly 2% wh %
4:,0.65 mA/cm?®  EEEN 1.5 W BEF RN IR 4T 4k
(NO) b 5% AR W s ks 37 CHEshE M 2 h,jm
A 1% B W5 43 . 10 mmol/L PBS i B¢ 40 £ 1)
Mhr AP H It 3. 37 CH#E3h 2428 1 h, 0. 05%
Tween-20,10 mmol/L PBS ¥ 5 ¥, &K 5 min,
VR I 1% BilE W58 .10 mmol/L PBS # #
5 000 5 Fhu S ligbs — 0,37 CHEM 1 h, [A) E 3k
VR A S8 1 3B S A% IS R 2R AR K i Uk P
DL 1k R

1.2.6 [H4Z ELISA Jyikdsy  Baifbiy dE4l vl-
pA-G EH . Sl il R & e | A E.
AL B 0. 05 mmol/L Na, CO,-NaHCO, 2 ik
(pH 9. OB EAMBEE NS pg/ml, LN 100
pL o 4°C A B ad B2, I H % 0. 05% Tween-20 fy
PBST %k ¥E¥% 3 K, K 5 min; & LN 200 pL
3%BSA F 37°CH M 2 hoJal By 3 s mA 1 ¢
100 A5 # B 1Y) Mhr HT 44 BH VA6 1038 585V 175 FEAS
HEfL 100 pL, # 37CHEF 1 ho Ve MA 1+ 8 000

vipC vipD

vipB
A EcoRlI

B . N
1 & ¥ G & &6 & § £ I £ $
< TGCCCe0 T QRECCCACCE cca

CTTAMGECGE CACCGECGAG C

+—{TJecccsfecce [ sceq[[JeccedfeccosE  ecced] |—|—H'"d'"
VIpA-G

pET-32a(+) vector

. =
TIGICCCAAG TAGCCTGAGE TGEAGTTGCA GCITCCTIET o

i T 1) R o SR AR Y B A T 1 BT AR 1eG it B
L 100 pL. 8 37°CHFR 1 h, ki s g e i il (1) TMB
JEEY 100 pl, 37°C &% & 4 10 min; fill A 50 pL 2
mol/L H, SO, % |k W » T 450 nm P K&

2 # B

2.1 vIlpA-G HEH¥IT  7F GenBank 2 vlp &
JE 5 F 5.7 Fovip & vIpA L vlpB., vIpC, vlpD,
vIpE \vIpF \vIpG %544 K 8 5 Be X AR R PR s 2 A
e 1,

vipA S I I O
vipB

vipC
vipD - |

VIpE

vipF
JclE  —

1 vlpRKEH
The vlp family protein

Fig. 1

2t Blast J3#r & W vip 8 H#F B A #9819 Mhr
RS PE b A FE o R W Bt s fd . % vipB. vIpC,
vipD VIpE vIpF \vIpG & A ) 2 Bt & & 7 B ep Bk,
Z IR IR A B GGGGS 1E Jy B 32 Bk i E 41
H A vipB-G(E 2A), B vlpA B —BERE B H
B Z vIpB-G (% C s, i RIAS I PE A Br GGGGS fE
FEHEK TR EAE A vIpA-G, BRERT
lanE 2B FR .

VIpE vIpF vipG vIpA

6 6 &
(G CETEL G
CGCCACCGE CATCARGGET

¢ s s 0
s [3 NS N
AAGTCCE CCACCGECAR GCCTACCGET TGTATCGTIG

$ 6 & ¢ ¢ s & 3 1 1

cAcIICCCCETER0

(: Gh CAAN CAARCT A 3 # ACCACEA
GCTGEGCTTYT CTTTCATIGE GCAGETTIAGE CTGCTGCTCE CCGCCACCEE CATCGCCAAEL ATECECCTEC GECCTTIGTCC
. L 3 6 6 s & £ 1 L 3 A
™ CGTITGTTIAGT TCCGCCATCA TGCGGCTGEG GUCTTIGICCC ATIGTTAGTT Ccogcoacoec ACCGTICACE AAGCTGETIGE TTTCGAGAC ceerccerTcy
- £ £ & & & e § K £ 1
50y [T ACCTCANGICACCACEE cec ACCCAANGICCACCCCTCAIECCACACAC
ARGTCGAAGE CCGTGGAGTT CGTGETECCC AAGCCCATCG TGETGCCTTT CGTCGCCAGT CCEICTIEICE CCELCACCEL GACCTTITIC GCTTTIATGL

- a_Pr G
on

F
GICGITICEE TCCGCGECCE GTGGATICGA A

E2 FJEAVIpDA-GEREITRERFT

Fig.2 Design and sequence of the recombinant vlpA-G protein
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2.2 HEHKILFKL pET32avIpA-G M RH]
T A B 7 RS B R GA vIpBvIpG EE X £
JIR B BE R 8 i PCR J7 26 vipA 84 R B
BB E vIpB-G 2 A C %, 36 A pET32a-vIpB-G
FA TR, b 1S B R IR vIpA-G W 2 kL
pET32a-vIpA-G, ] vlpA-G L FiFEs| ¥ u#tfT PCR
i e (L 3) Pk FHPE SE R L 2 s B J5 DNA 7,
D Py 45 R E R . A H A R AR T

1 2 3

bp

2000
1000
750
500
250
100

v1pA-G

3 E@ERIEFA pET32a-vIpA-G M EE
1L.DNA 73 7= s 2. BIPEXS 53, vIpA-G JER 4

=Y
Fig. 3 Identification of the recombinant plasmid expressing
vlpA-G
1: DNA molecular weight markers; 2: Negative
control; 3; PCR product of vlpA-G gene
2.3 HHEN vIpA-G R K Kyt IPTG

P55 A vIpA-G & 1 AT LUTE KB AT & A 550
Ik A5 F A 50 kDa 5 90 kDa [ bR #E 5571 1L
B fw 50 kDa 4bF B IR M E A . IPTG
B A AR R BCEE, KB m A IPTG 5% 6 h 5
A R IR IR B v 0 O AL TR E KCOF L B BRI
6h JE A, RABHEMAILEA vIpA-G &
. Z5 R UWE 4, X ZEBKBENEHTRAET
—20 C,

2.4 Western Blot £ Mhr #iti& ¥ 4ifb iy vl-
pA-G EHEH L K& pET-32a(+) 28 Mk £ ik alifk
UK 4> B 5 H Mhr Bt i3 #8477 Western Blot
R, 25 5] WL vIpA-G AL A 0 5 Mhr MR
I 37 7= A2 B 2 32 4501 L Tl pET-32a(4-) %5 84k %
kgl Ab A 15 Mhr BHYE A il 3E 0 2% 38 SO0 - i B E
4 vIpA-G # HHAT I 8 Mhr SriR son . P
R A 92 f R A IR A B X R R R B 2% 32 2R
2.6 [ ELISA £l Mhr ik DIEHAEH vl
pA-G AP HUE AL I Mhr 5002 58 1L LR 5o
et 8 103 A BF P X R, 25 SR 6 B Mhr 4 8 4 1l
375 AT RS I # B 5 Mhr B4 5B M IS AE b 22

kDa

118
90

50

36

27
20

B vIpA-G EEMRIZAK
LEHD T EFRME; 2. pET32a-vIpA-G HH W5 F
JG33. pET-32a(H) M R EE R 554, by
vlpA-G

Expression and purification of the recombinant vlpA-G

m 4

Fig. 4
protein
1: Protein molecular weight markers; 2: Total pro-
tein of E. coli BL-21 containing pET32a-vIpA-G after
induction; 3: Total protein of E. coli BL.-21 contai-
ning pET-32a(+) after induction; 4. Purified vlpA-
G protein

SRR U NZE A vIpA-G HEH BA R AR SO
JECE AT A DAy i 8 0 Dt B P T L 3 08 W T T Y
JR ST

3 93

Mhr J& 55— A R 9 43 85 31 1) S D 4, 3 22
i 3 P I 3 R e A5 % L 0 H AT Mhr B9 B 58 8020, 1
LR (S0 LI ¥ N 7 2 T RE S 23 2 B B0 2T B Al
g b HE AR ABLARS L R Mhre %327 6 #4505
Sy H Al D TR ) JRR % B AL A5 ) DA T 5 B R 1) K
Ao BRT 51 KR A R B S . Mhr 9 & BH
2R NI A G, BAE B an 90 AR AR ATk
T 3 B e S SRR Y SR 5 N2 I 2 (R —
SE R 6k, o 42 4% Mhr, Mhr B — b 8 1
P37 BLAE B 5 40 i g Ak B4 e =25 2 H oAl
ME— %5 19 Mhr 08RG BT

A 3% 8 Mhr B (02 b F B 3 B0 5
i g% (PCRM e gl A6 B R A7 2 &2
PCR #:] 16sRNA P37 3 # . PCR J7 i et 4%
o R RS I Mhr, I R85 5% W SRR R il
SRR IF R . (R E R sh ¥ ) PCR 3 H] 5
PR B SR I Y VR AR M TR R REAS . v B
TREAKS H R AR 3 5 AR R A e 1 )
W T TR R T A S R . R
it 6 VEE 0 YA 5 AR T LA S Ao JRR I 3h 4 i R FE AT 4 SR
5B SR S B AR A (LS X AR T I R
AT RIBERAL . F i 44k S 5 2% 58 T i B ARt v]
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B  kDa

118
90

50
36

A 1 2 3 4 5 6
kDa
118
90
50
36
27
20
27
5 EHZEH vlpA-G Western Blot #& il Mhr [ i& i {4
FOSNITE SAR/ iR
B: Western blot Z4 3¢ 4%
1-3. Mhr BHY: M8 44 38 54-6. Mhr B2 I 1% 2% 3¢
1.4 JKE . HEFAnidE; 2.5 Uk . 5% 16 pET-32a
()= BRI A AR IR E H 3.6 Wk, aifb &
HEH vIpA-G.
Fig. 5 Detection of serum antibody against Mhr by recombi-
nant vlpA-G protein in Western blot assay
A Stained by poncean before hybridization;
B: Result of Western blot
1-3: Hybridized with Mhr positive serum; 4-6; Hy-
bridized with Mhr negative serum;
1 and 4: Protein molecular weight markers;
2 and 5: Purified protein of E. coli BL-21 containing
pET-32a(+) after induction;
3 and 6: Purified recombinant vlpA-G protein.

P<0.01

0D450nm

S
OO0 N D 00N

BRI  MhrPH i
6 EHEH vipA-G ELISA #& il Mhr [f1 75 4k
Fig. 6 Detection of serum antibody against Mhr by the ELISA
assay using recombinant vlpA-G protein as coating anti-

gen

DA S e G 000 A 9 9 Mhr, (B2 [ B 0 75 22351
A YIREAL  II RIR I PAR 2 A0H 1 AG T
Br. N RLAFEHGE R Mhr R 5 0 5 4T g 37 B W
ELISA J5 % nl FH F 4 0 ifi 7 5 Mhre''™

A ST Mhr vip °] 28 g 8 (5 5 6 R #0 R
1 48 8 4 8 A BUME Oy ELISA f gk 4 B 4 .
Mhr vip FEHE (145 ZERUES th 3 FB o a1 1
X R A5 X B, 7 Flovip 8 E 0 1F 5 K IXF 51 58
S AR s TT XA AH X GRS 14 3k 8 X, TIT Xk 2 1
BEIX L 12~ 13 A 56 8 1 J K 7 B 3 K 0 42
B R 2~11 DANGET Fovlp & 1 E 5 75
BAME D vip B OI7EE S R B AE A i
FP o FEAS TR B Ak K TR — B8 R AL A R ovlp 2R
FWEAR TR B R 2R A4 7 i KNS A ML X D
Feik 2 FliAg Mhr HAT 248 1% 0 B R M L 76 g
ke R B SR . vip FIEE HE A Mhr (9%
T I AR 15 2 ST ML 2 12 W ik I B AR T D [ B
T AR I B A B e R M A A
ENEMAEWH WEEREA . A F vip RBEEAA S
M FRIA T M AW R BT vIpA-G IR
KT VIpRGTMEANELS FBLCERET B
N vlp G B B A A% B3 1Y) 38 B 4 328 X B, il A
]Iz Mhr BB AR R IR AR P R AT R
MR IE KN vIpA-G A 4> F &8 KT 50 kDa,
T 5T ) 20 8 BRI T i o 36. 8 kDa, 75—
J7 T DNA U 7P 45 5 20 8 R BT i 31 19 vipA-G 3
JF 51 1 i L 3d A B pET-32a( ) #k Ak, H4rF &
S AR N AT RE S vip 8 AR B i T B A
JBC A e AE Al 52 AR B — S 8 B AR ) b R GE
XFPELZ,

R 45 AR . A vipA-G T LLE KT
PR PP AR - b R 5k L DR 0 8k Bt IR ) 4B i Sr ELISA
J5 2L REAE W S b A I ) Mhr A9 BHE 0T . AR &h
H4J Mhr (i3 58 BT ] 42 ELTISA K J5 vk (1)
37 25 B A

S E 3k
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