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DB oA EEERFAEEBRER S — &, SREK BT RHEREZFZR, UL prpd R EE ) AT LZ
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Molecular Characterization of Adhesin-Encoding
Gene pvpA Among Isolated Mycoplasma gallisepticum from
Guangdong, Sichuan and Beijing

CHEN Ji-rong, ZENG Zhen-ling, DENG Bi-qin, YAN Hua-ling, LI Xu-ning, JIANG Hong-xia

(College of Veterinary Medicine, Guangdong Key Laboratory for Veterinary Drug Development and Safety Evaluation,
South China Agricultural University, Guangzhou 510642)

Abstract: [Objective] The molecular characterization of the Mycoplasma gallisepticum pvpA gene which encodes a putative
cytadhesin protein was investigated, which would be helpful for developing a new detection and diagnosis methods by using the
variable pvpA gene as the target as well as better understanding the pathogenic mechanism of M. gallisepticum. [Method] The pvpA
genes of both 41 isolated M.gallisepticum from Guangdong, Sichan and Beijing and 3 references M. gallisepticum (S¢, BGy4r,and Fse)
were obtained by nest-PCR, and sequenced. [Result] It showed that the pvpA genes of 41 M. gallisepticum isolates shared the
identical variation with Sg, BGyyr, and showed significant differences with live M. gallisepticum vaccine, Fs35. The G+C content
between DR-1 and DR-2 of pvpA gene C-ternimal of all isolates was 53.52%, apparently higher than the average G+C content for the
M. gallisepticum genome. 60 bases were deleted within DR-1 and DR-2 among 41 isolates as well as S5, BGy41. Besides, PvpA
molecule in this region possesses a proline-rich carboxytide motif (Pro-Arg-Pro-X) which repeated 10 times, X is Met, Gly, Asn, Glu
for 6, 1, 1, 2 times, respectively. However the PvpA molecule of live vaccine F3¢ was only left DR-1. 24 of 25 peptides linked
between DR-1 and DR-2 were missed. The whole DR-2 was disappeared. [ Conclusion] Molecular variability of the pvpA gene was
obviously different among isolated M.gallisepticum and live vaccine Fs¢ suggesting that the pvpA gene can be used as a target for
diagnosis and epidemiology of M.gallisepticum.
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[WF 5 & XY 3 d 32 Ji 44 ( Mycoplasma
gallisepticum, MG) & AR JT J8 % fes 25 7 8 R e (1)
B R, e 5] R XY 1) 02 PR P IR TE 9§ ( chronic
respiratory disease, CRD) , JEREL KHAT & F/8855
TA IRk RIBYL, AFE i KE s iR, [
WANFEE X MG TR 60 4F, (HSC A, J6
H MG &G, 2RI AR BN Y5
Mo MG MR IAAAEZ R RE R, 25X
JR A E R AR 2800 4, S PvpA LA T
MG BRI BEAEARNY 1) FoJ% 28 G VR0 1) w3
SEER I, AR S A i 1 A 3 ) B 9 907 1 T 4
BEAPAE T RGO, Rk, B IR 4 2 MG
PvpA 5 AR RFIE ] EENLHT I MG Al 2 Rl
TR B e IR LA, [RII H R A S0 SR B0
BU kB A s A R o DA Atk ]
RAK (Mycoplasma) & H TR ANREM S AENE . BAT
BB/, e i 4 R A 3 )2
frfEE, K2 2B, A DRMI T, &SR
BRHEE T, R[] R B P R T sl PRI b B 4 i
O S AR BT 2 AN B R R R A R SO0
MRS KEMT TR I MoRG B i R A o =221
KB (P1AIP30) LR R 7 T 2 KRG B OG5
EAMBAEHRZ N R XSO 2 g0 I 4
R, AR T SRR )32 )RR B 8 17 T0
AR, BT MG B%E T 3 MR EA
(MGC1. MGC2 f1 GapA) , Hrh MGC2 BT
udRAL, YiRE S SRR LA M. gallisepticum
(MGC1. MGC2 F1 GapA) . M. pneumoniae (P30)
F1 M. genitalium (P32) KEAREH, KIMWAE S
JHZRRIY C AR, C RuiiG&HEEHwILTY], IR
JPABA AN . 3R B S0 P SRR R B — %
F ¥ 73z 58 MEAS [ 7 35 10 08 <3 R I e B
Boguslavsky ¥k X %52 T M. gallisepticum [¥j—Ffkk
FET T PvpA, PvpA A3 LA R JLAURRE: OPvpA & —
ANEEEER R, A MIFE N C-AKii; @PvpA
P —AEERE 3 MEERAN A M. bovis [ 1 i & iR
FIPURRAL; OPvpA RN E H K AR 57
@PvpA TEAFTE KRR I KN % 5 ©PvpA At
AEEE 1. PvpA K/NAE 48~55 kD 2 Ja], I HAEN] pvpA
RikGHEHEFEN Z RIS 0E MG HTatk 2
5o S HE RGBT B 11— FF, PypA B A T 40 IR T

TRA D HORE B 2R RGBS, R % mis b - H A
EMINAME . UARBTFCUIAN 5] PypA & RERE B T
FE RGVUN AR A, 7E R BT BB N g
Fl| PvpA SN T AR T, JUHAT T3 A4 4H g
TR 4544, Wil PvpA £ 155 SRR IR RG B Ik i
1M H. PvpA FHE 5P G i I B 1 p67a 1F MG L AN
[ IS [) A R R AR IR e e, AT S AR e % 1R A 1)
G 58 7 080 17 3 AN [ R B B 2 N IR B ) s . 2B
HUART AL CERER KRR KI, Frf AR 4 25
MG £ SDS-PAGE JG{EZY 55 kD Ab¥y K I AT =21k 1)
BT, HEW PvpA EEARTRE AR TR E S B
I REF AR MG e HETE A MR PvpA 2 6T
FIE, BEARESMEJURARHRE, (HlT PvpA &
A SRR, ARG A SRR A BT X, DRA
WA EILL PyvpA KB EE U DI AL R o E IR
I35 MG 4ifith PvpA B RN AR e iE . [k
EER Y T MG PvpA HEIEMASFET, 1M
HAR MG Z AL RN 2 5, DA 53 1 Dt
) R ST R SRR RN pvpA R B
Jiid, EMERHE B IRR 4 Bk pvpA JE DN AR SeARFAE .

1 MBS

1.1 &k

41k, 4B H 2004 “E6 H A 2005 4£2 AT %R
Y AIE T 5 X AL M. gallisepticum JEHLXS, 20
WL MG BN ERRE R 7RV e hG, |
AW EHTRAT s SREEHE Sev JLIT2 B HK BGuar HH
KL FRAFE, B Fae WA B RSB EY TRA
AT, it 2007005,

1.2 K5

KIRFLE A (lactalbumin hydrolysate) : JH [ 5%
H Oxoid A w]; BAMREE: W H L H Sigma A F]; B
¥ 8 HJEH Difico AR SN, T KBFRE
g, R AU, AT, BAKERIREE. AL,
Wrel . 2RSS A [ =il 71); PremixTaq ¥ [ TaKaLa
REREWHRAA.

1.3 BEWPRAYIEFE K DNA 1RIR AT 6 &

S22 SCRRIS T 5 20 RAT I R R FM-4 A RS
FRIEE B IR IR Wk DNA BRR G4 Qi F
12 000 r/min B5.0oUCEE 20 ml AR, FE3L i, H 30
ul LB TKEREA, 100CHEM 10 min, FHKH S
min, ZRJ5 12 000 t/min 5.0 15 min, B VS T80
Eppendorf &1, —20°CIRAF#5H o
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1.4 5|40t

H30 PCR 25 —XI 5[ #E GenBank W% ] MGR
P pvpA JEA 741, ] Primer 5.0 #£31: P1F: SGAAAA
TGTTGAAGCCACT3', P1R: 55GGATTATTTGGTGTT
GGA3'; 55 01 59122 3CHR[7]: P2F: SGGTAGTCCT
AAGTTATTAGGTC3', P2R: 5'GGACGTSGTCCTGG
CTGGTTAGC3's ¥ H4/=#)ithiac T pvpA M C-K
Ui [f) DR-1. DR-2 G FHIX L, 36 7 BEK/hY
497 bp. HIWIH IR AY AR R A A A (E

| DI
403 1094
= S

IDRI { IDR2| |

1 pvoA ZEEE PCRIMIE
Fig. 1 Schematic diagram of pvpA indicating the location of

primers for nest-PCR

1.5 pvpA EFEH PCR BFFINE

SRS AR DNA HEITH 18, Wik
ZA4 25 ul, HiA DNA F54R 2.0 ul, PIFLPIR 4% 0.5 pl,
Premix Taq 12.5 pl, H4id/KeMEAEF . PCRIZITS
. (94°C, 5min) X 1+[ (94°C, 30s) (55°C, 30
s) (72°C, 30s) ]X30+ (72°C, 5 min) X1; Bl E
& PCR =W 0B, FHEE 05 1 iy 3, RNAK R
Jy 50 ul, LA DNA bR 3.0 ul, P2F. P2R 4% 1 ul,
Premix Taq 25 pl, 47K MNE AR . PCR 1217544

bp
2000

1000
750
500
250

100

(94°C, 5min) X1+ (94°C, 30s) (55C, 30s)
(72°C, 305s) ]X30+ (72°C, 5min) X1; PCR =)
28 1% IERE LR VKA TA I, PCR =) H kAT
R A FI T .
1.6 3L o4
41 FRIGIR 7> BSARF 3 BEZ Bk pupA JE DRI (15
45 B DNA START %A HEAT 20 M L8
2 HZHRE5SH
2.1 DNA =R EGHI & H0 pvoA EE BT 18
KK ZEABOY 8 3 A& DNA, 48 0.8%:REIE
MUKW EE, HUKSRATTE G HE RIS, Ui K&V
IR EES )R DNA Bibige T3 — 04
A PCR (5N Sgv BGugr MRS BRI pvpA
FEEATY 18, 45 FIFAEL 500 bp AbmT WL BB (¥ H (1)
G5 s PETIIE Fae £E20 250 bp Abd 34 H— I M7 1) 4577 5
KIGFF RIS oM S TG4 tHE (18 2)
2.2 pvpAEE DR-1. DR-2 X4
FRHE GenBank & 55 (14 1 52 i A4 R AR P41 151
WA 48 S~ BGuaar PR IR 73 B 1 pvpA JE I8 136 73 17 41
RGP KN Ky 437 bp,  EETUYI - BOR /N T
60 MKE; FEHIPR Fy 938 K/N2T 263 bp,  LLTH
W/ 234 bpe 8] 3 B T ARSI 3 SRS H MG
PR3 Bk S I AMRTE % bk TS-11. 435 3R
+HH . A MG 7E pvpA JED C-5K 3 DR-1. DR-2
DR AT R B R IR AL s T AN [R5 (1 1 DR 43 B R
7R PONAERD 208 pvpA FERFR A% IR
HI RIEPELE 99.4%~100%, FHIN ) 58 L 1% 41 [R] 5
PER 97.2%~100%; 5 EAMRIER R PRECALS, [RIUENE

12 13 14 15 16 17 18 19 M 20

1: BGuaars 2: Se: 3: Fags 4~18: B HT 4R VU1 Jbatsb X X8 852 54k (BJ2, BJ7, BJ14, DY2, GM4, TS4, TS5, TS6, TS8, TS10, TS26,
TS32, NEI2, NEI4, SUI5); 19: KWHFE; 20: 2% ##; M: DL2000 marker
1: BGur; 2: Se; 3: Fag; 4-18: Isolated M. gallisepticum from Guangdong, Sichuan and Beijing (BJ2, BJ7, BJ14, DY2, GM4, TS4, TS5, TS6, TS8, TS10, TS26,

TS32, NEI2, NEI4, SU15); 19: E. coli; 20: Negative control; M: DL2000 marker

2 SERMEIMA GRS BIBFRIK pvpd EE PCR =4 B ik

Fig. 2 Agarose gel electrophoresis of PCR products of partial pvpA gene from reference strains and isolated strains of M. gallisepticum
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670 825 901 1056
R | DRI | | DR-2 |
849 910
| [ 11 |
828
Fu | I
849 910
BGur | [ ] |
843 892
Tou | [ {1 |
672 827744 784
o L] |
795 907
882 934
mimo: | [ —
849 910
ikt | [ e I |

Tsit AEEHTR (3% 3CHR[2]) : OR2. Pendik Il IRHB02 43 5 GenBank
BERMAEAEE UFPFS: AYS56373) . LHHE (JFF5:
DQ989519) FIFHE] (JFF*5: EF188261) [MASE S 5ifk; IR AL 5>
ENE I EE) I/ NN Ut DN s 1 ] 77 A2 7

Ts.11, a vaccine strain (published in reference [2]); OR2, Pendik, IRHB02
were isolated M. gallisepticum from Amercian, Turkey and Iran submitted to
GenBank, accession number were AY556373, DQ989519, EF188261,
respectively; isolated strains in present study were obtained from
Guangdong, Sichuan and Beijing in China

3 5 R KBELETRREGEXZRIE pvod £EE C-Kik
DR-1 %A DR-2 [X i3 [ iR B &R 5
Fig. 3 Deletion within DR-1, DR-2 of the pvpA gene

C-terminal region of different origin M.

gallisepticum compared with R strain

H78.6%~79.1%, HEMIMI IR FIVETE S 74.4%~
752%; SRR Se AHLL, A% R )T A R E 1A
99.4%~100%, ZHEIR FIVEIEIA 99.1%~100%; 15 Fi
FEBRAR LG, A% FPER P 51 AR 89.9%~90.6%, 24

R¥E R isolate
a5 Bk Isolates
DR-1

FERR RV N 84.9%~86.8%. HE—40HT pvpA FE[H
C-AJfi DR-1. DR-2 X1, Bl pvpA JER 15 670 {7~
551056 17, RIZXIK GC &8k 53.52%, WG
w1 MG 1Y) GC & & 5 R BAHLE, BT f kIR
Bk Se+ BGyyr 7E DR-1 H1 DR-2 2 [i] 2% 60 M E,
pvpA FE[K C-oK i DR-1. DR-2 XI5 S IHE R, ik
30.27%; FEHE Uk Pro-Arg-Pro-X JLHIEL 10 ¥k, X K
FRTZIR 6 . HZIR 1 k. RAWRE 1 IR 52k
[ 2 Ko TIEETHRE Fag AT DR-1 XK, [H)BG 25 Jlk
%24 Ik, DR-2 XA AL (K4 .

A4, 5 R Bk pvpA ) DR-1. DR-2 X1kl
B LT BT IR 73 BERAE AN X 338 e A 12 b 3
BRI, 60 AMIAEHLR T8 20 MR E R (R,
RIER IO F KK K /EAE DR-1. DR-2 i X 2
] 7 25 ik
3 it

O KN EFFUUE 523 s R B A 25 OB P i oy
DA BT 3 G SRV IR RE T A S50 S I A TR e 1
)75 AR A7 0 TS R 214 IR b 7 7 2 A o i
PUEA SR AEE AR o CHRIE T JUR R M fe i
JREE A, W p82. p67. p64. p56. p54. p35. p26.
p24, o —SU7ETE FAA N AMREE R AR AR e,
PvpA Hl p67a 7i- MG G IHA [F] I8 (] Py m A R T8 e
e, S IEAAR RS 16 J8E T 2 (1) G I8 )5 AR 1T 305 I8 A (7]
PeB Bors ENFR SR, GapA FlI CrmA 3L %
K JE MG Zh BRI g T s it

PvpA J& RERE S 1 fa g% R G U AR AR S 25 1, B
BRSO F ERIAT o T R/ N ZE 5, ARk ry
FI TP RGN LAETE FAA N ERT, [ PvpA &

224 POQAGPRPMGAGGSNQPRPMPNGLANPQGPRPMNPQGDPRPQPAGVRPNSPONSQPRPMPNKPQG
PROAGPREMGAGGSNQERPMPNG PONQAGPRPMNPQGNPRPGPAGPRPNGPANSQERPAPYYYYY

REk R isolate
IH 5 Bk Tsolates
DR-2-

PRPMGAPNPQPGPQOAGPRPMGVGGSNQPRPMPNGLONPQGPRPMNPQGDPRPQPAGVRPNSPQ
YYYYYYYYYYYYYYYAGPRPMGAGRSNQPRPMPNGPQNQQGPRPMNPQGNPRPQPAGVRPNSPQ

»352

R AR R 2 DR-1 F DR-2 IR BRI SRR P 41, AL 10 AXAIPUJIK PRPX (X A Met, Gln, Asn, B Gly) HIBAAFbraR, Mok

FIRUF RIZehsoR, RS> 250k DR-1 1 DR-2 [R) R I IR R Y AU

Labeled arrows show the position and amino acid sequences of DR-1, DR-2. A repeated motif consisting of four amino acids, PRPX (X is Met, Gln, Asn, or
Gly), which appears 10 times is highlighted by boldface. The repeated proline residues are marked by double line. Y stands for the deletion amino acid residues

within DR-1 and DR-2 in PvpA of isolated M. gallisepticum in China

4 SRixMELEPEIERS BGEFZRIK PvpA TH C-Kif DR-1. DR-2 XIFREEL FFIFIGEHIHHE

Fig. 4 Amino acid sequence and structural features of the DR-1, DR-2 region of the PvpA protein from isolated M. gallisepticum in

China compared with R strain
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* S5 RERELE 41 RIGK S BEEHRIK pvpd £EF C-K
i DR—1 F0 DR-2 [X 135 18] %& 4= B E ER 2K
Table Amino acid alteration within DR-1, DR-2 of pvpA gene

C-terminal among 41 isolated M. gallisepticum
compared with R strain

KA H BRI EN A EREIRISE AR
Mutation position Base mutation Putative amino acid No. of strain
alteration
740 CTA—-CCA L-P 41
749 CCA—CAA P—-Q 41
781 GAT—-AAT D-N 41
793, 794 CAA—-GGA Q-G 41
805. 806. 807 TGT—-CCA V—P 41
817 AGC—-GGC S—-G 41
844, 845. 846 ATG—CAA M—-Q 41
850~909 Bk SRR 20 NEIER 41
Deletion 20 amino acid deleted
932 GTIT-GCT V—A 41
937 GGA—AGA G—R 40
971 CTA—-CCA L-P 41
980 CCA—CAA P-Q 41
1012 GAT—AAT D-N 41

MR IE 5 5 BRI AR 5 A nl 3 80T R 2 16 2 .
Boguslavsky #iiE PvpA 1 A C-K i & & 2R

(28%) IIKG A S8, C- A A P4~ (DR-1.DR-2)
FOH S2 NRAFER M EEE A, il alkg 25 K,
WA —ANEL 14 KIWPYIRE (Pro-Arg-Pro-X)
PvpA H RS FERAEEIEAMFIEX K, 5 PvpA
H S THRARAE 45~55 kD K/ 2= 5B,

FRT, FENMICH S PypA EEAMIBIGURIE, X
Fri[EEEIRAK MG PvpA B AU kA48 5 K it
X893 Ji S AL AN BRI )50 3 ANV A o AHIT 5T
TR PCR WEY Mty MG K FEEH
pVpA LK (WS kT, S R WE R YELE, X
B IR S Bk REd 19 HE 24 500 bp (1 H 15545, JF
HIARR 4ty . X BT IRIR 2 B bk pvpA 2
Kl DR-1. DR-2 XT3, 7r DR-1~DR-2
I GC HI& 8l 53.52%, WIEET MG 17
GC &H; 1t DR-1. DR-2 WANEHEF4E % DR-2
DI A Bk 20 NEIERR, 10 Pillai T T 55 MK &
3B MG pvpA JERRAE 5, RIS I 47AE DR-1,
DR-2 Z AR 20 NSRRI C-A Bl K 76 A2 Jk
PR (1K) P AR 28 A, 2800 55 BRTR pvpA FE[R PCR 45 3
TAERAD 2RI, Lin iRIEH T DR-1. DR-2 XI5

BB A ] S804 497 bp. 410 bp F1 267 bp (1)
pVpA FER KN 227, I PvpA B /M AR
ST C-oRuE & 2R AW HEEE RPN A
FERRE R 5 AN IR IIRA X I 5 5 2
BRI PUJIK Pro-Arg-Pro-X FEAR I 10 ¥k, X 4354 H
WA (8 YO « Ha&m (1700 « K& (170 .
Q HAWENL (1 ) , 5 SeMks BGuur B FHIE5E A
—&{(. 1M Boguslavsky & 1) R ARAEE S I 10 K11
4 ke, HBRER 8 K. Q B EME (2 O . {3
HERENZ, BARIGR S B LT DR-1 il DR-2 X3 2 [H]
FRT 60 AMhgEE, R0 BRI S AR AR G
{R¥F 4 IK Pro-Arg-Pro-X HE A HIL 10 K. XLEEANH
AR RITIN B R E A IR R TR, fE
AR EAZR B R, R 22 B X e o AT
12 P 1 v] g 1 A0 AR AR R 38 w455 R S O A
A AR S A S Az M R A BAE R, IR
SRR B0 E 5 TR A AR Ao 4h
KR, FEIGK 2 MG PvpA £ H BAR KB 7,
TR ARE B 22 R U0 AR T e 4 iR n), I HAREL
Ik I Tt ] R AR A

Boguslavsky i &I, S8 K5969 1 R £k pvpA
IR/ =50, HT A5969 ) DR-1 [X 1) 793 7 K=
TR XA L PvpA BIEEERATZ L, S A5969 P
REIL PvpA 1, R HENZFRIE T 55kD =912, ifi
AHWFFCPAE 793 FLRAEA B 2SR, 15
G PvpA BRI ILISARIG 2, (H 25 FARIE Rk
PvpA K/,

MG & AT i 6011 5 7 8 A e 1) B 5 it
WAMFEE X MG ISR 60 4F, (H3 AR, TG
H MG G, 250K EMAREL IR B P45 &
o TEHENSHESZIL MG #6153 IRHE, DRI IR
P MGG 10 3 8 It e b A I P 24
Yo KIWKEMHBTEZAY), — 7L 1 25wtk
AFVATTROR PR T, b — RS 2
Ji WA ERET2 B ANHE MG, H MG JERMRER, &
PR TE A R B AR AE, XS I B P e s
95 HE P T IR P RO MG R GEDY . o b g
O B — EAE N MG G ) B,
IR H I MG LA Fieo (H) 32 AT M HA
BN P BEE S AR RS MG ek . P,
T B N — PR AR A I AN 43 T8 T v F R PR A T
Rk RO, IHEA 2w T MG
TATHI A - Boguslavsky X7 MG PR BiCAE K Il
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IR BIRRTR pvpA JEREAT T WHT, 45 RIAAH MG
FRIA] pvpA K/NAEAEZE 5, 4871 pvpA JEDE ] AR 9
J5143 0 K22 W (A H2)  Naola 1) ] pvpA.mgC2. gapA.
MGA_0319 1E R bR P H0] 73 85 H L L ORI
L MG 7y BT 20 7, TESE IR 4 Pk N6 A
MG fRsp e g .

4 ZEig

MRS DU e AR AR 73 5 21 1 41 RREU 152
J5U A pvpA FEA 5 SRR Sev BGuaar f7AETE A BN AL
R, M BEHTRR Fae IASRRE AN, HEN
I A R R SR B A (1 MG R BESE S SR EERR 2 o
H PCR X1 pvpA BEDR HATIRGF IS ek, ]
LALL pvpA FEDR O $E A5 S0 75 S Js A T3 1 A
Wi RS W (147 7575 o
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