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M: 8 08 A bR 1. M. bovis WT W H; 2: M. bovis
AVspX 4 H % 1, M. Pre-stained protein standard; 1: Total pro-
teins of M. bovis WT; 2:Total proteins of M. bovis AVspX.

B 2 Western blot 3 1E M. bovis WT 0
M. bovis AVspX Btk H VspX EARIX

Fig.2 Expression verification of VspX protein in M. bovis
WT and AVspX strains by Western blot
2 10+
st
d 107_
= ot
= 10T
ERUY
i }gl— = M. bovis WT
\}gg 10'F M. bovis AVspX
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3 M. bovis WT #1 M. bovis AVspX W4 K %k

Fig.3 The growth curves of M. bovis WT and
M. bovis AVspX mutant strains

M. bovis WT Fl M. bovis AVspX TE B 1K He
EREFR 72 hJE L P B IR AT LB AR RN
R 7 GO T TR I S DR L SO0 S ORS¢ Rl
HORY A OB P B TE TR S AR/ TS 2
S (4 R Vsp X B BRI IR A0 M. bovis
A AR

A B

A:M. bovis WT W #k; B: M. bovis A VspX 5878 ¥k, Bars=500 pm,
A: M. bovis WT strain; B: M. bovis AVspX mutant strain.Bars=500 pm.
B 4 M. bovis WT 5 M. bovis AVspX
EEHMETHEEES
Fig.4  The colonies of M. bovis WT and
M. bovis AVspX mutant strains under the microscope

r'VspX EBRIES 4k
E. coli BL21 EHRE % IPTG S5, 3F£ ik 37

23

ku RK/ANAMNREE L & A LIS AURE b ¥ A £
k.5 rVspX A B K /N—(E 5A), LR
EMr Al rVspX (B 5B) .,

A B

ku M 1 2 3 4 ku M 1
170— 170 | .
130— 1 30— s—
100— 100 —] w—
70— 70—| w—"
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E—

3= 35— e
25— 25— we
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AEH W FRBEAE, M. B AE AR 1.5F00: 2.15%
s 3: LW 4: 003 s B:SDS-PAGE A Hraifb sk 1. M. B (0 (1 &
kR 1. 464609 rVspX . A:Expression verification of recombi-
nant E. coli BL21 strain. M:Pre-stained protein standard; 1:Before
induction; 2:After induction; 3:Supernatant proteins; 4:Precipitati-
on proteins; B: SDS-PAGE analysis of the purified rVspX protein;
M :Pre-stained protein standard; 1:Purified rVspX protein.

B 5 rVspX B RIXWIE
Fig.5 Expression verification of rVspX protein
24 VspX BATE M. bovis 5 L 4 B £ iz
SR M. bovis 59T rVspX WP E
Ja AEBET Al W Ek 5 65 5 (I 6A) L T 5/ BB
PEIE 7K (El 6B) F1 PBSCE 6 CO))VEFH I M. bovis I A
e LT A I 2 96 A5 5, KRB VspX 23 i £ M.
bovis TS .

A:M. bovis 590 rVspX & HHLPAEM; B: M. bovis 5 M NE K
fEH s C:M. bovis 5 PBSYEM 5 Bars=2 pm. A:M. bovis cells were
treated with anti-rVspX monoclonal antibodies; B: M. bovis cells
were treated with negative ascites; C: M. bovis cells were treated
with PBS; Bars=2 pm.

B 6 [E#EEREREERD VspX
BEHRE M. bovis IREHS %

Fig.6 Identification of surface-located VspX on
M. bovis by indirect immunofluorescence assay
25 FMENER
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Hor ke BE 5 EBL 4 %6 5 AR AL (B 7A) 5 i 4 [H]
SLE AT L AN AR (H 6 B4, EBL 41 i 4
JE gk @ (K 7B) , £ B rVspX B H FF 5 45
4 EBL 41,

A:rVspX H H 5 EBL 4 2% 77'; B: PBS 5 EBL 4 M0 7.
Bars=20 um; A:EBL cells were incubated with rVspX protein;
B:EBL cells were incubated with PBS. Bars=20 pum.

7 EEREWREN rvspX BB LS EBL 4 M A

Fig.7 Adhesion assay of rVspX protein to EBL cells by IFA

M. bovis WT Fll M. bovis AVspX VLAH [E] 1) J%
Je HCAEAN T EBL 40 . i o 45 L A0 b B Y M.
bovis KUk, F| 7E P TA bR AT 4 R B RE . SR B
7~ FhBNAE EBL 40 B 09 M. bovis AVspX TR K%L
it W F KT M. bovis WT B #k (P<C0.05) (8 8) , %
W VspX FEPRIB R RIKJE M. bovis FiFMRE ST T %,
P — 2RSS VspX 8 H & — MR H
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R .
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B 8 M. bovis WT 1 M. bovis
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Fig.8 The number of M. bovis WT strain and its
AVspX mutant strain bound to EBL cells

Fi rVspX F B BT Fh B 0 H0 A

Pl 5 45 R B, 5 SP2/0 BRI K A H
AT rVspX BHL(1 2 10 Tk 5 M. bovis TEFH)E
Fikt 3 EBL 4088 I n9 % & B % T B (P <<0.05)
(B9 .30 rVspX BHLIPH] M. bovis Fi [ F| EBL
YA b, i — 2 E 52 rVspX XF EBL 4 il B B 4 4

k.
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. 25x107 #
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\j 1 1
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SP2/0 ascites Anti-rVspX McAbs
1:10 1:10
gt Groups
9 i rvspX EHINE M. bovis Tk EBL 4H A

Fig.9 Adhesion of M. bovis to EBL cells was inhibited

by anti-rVspX monoclonal antibody

'VspX EB S Fn 6451
ELISA 255 R rVspX UMM 7 K
Fn%4g . rVspX 4545 Fn WEREEE Fn 8k E
g sE I s 105 BSA 5 Fn g LUK AR S5
KgEE(E 10, Jitt, rVspX &—F B Fn 455 %
PEREH .

14}

1.2F
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£ 0.8
0.6
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Dy

80

60

30 40 50 70
2T 1% 2K 1 BT ik < B/ (e g/m L)
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10 ELISA # 3 rvspX BB 5 Fn R M BE

Fig.10 Identification of the Fn-binding ability
of rVspX protein by ELISA
WHk'S Fn 454 ELISA Z5 R B8 K% Fn i

I 2 BRI 45 A Fon M= L BE 2 3m, 5
RS Fn 550 &8 AR ESS G fE R — Fn T8k B
T .M. bovis WT . M. bovis AVspX %54 Fn B
FZL,Y Fn JEEm W EN 50 pg/mlL B, M. bovis
WT 454 Fn B i EF & T M. bovis AVspX &
Fn & (P<0.05) (& 11), i — L IESE VspX HH
BA Fn 854551k,
28 FnEEBLUAAMKRE S HRNLER

FE L2 EBL 4 A o AT Fn iR L i AL
B G AR (0.845 740,024 7)) B & T At
Fn Bt A& £L B W2 % {8 (0.232 2 £ 0.004 8) (P <
0.001) , ZWIHL Fn Pidk 5L B Fn BAL A, Fn
Ay A 76 EBL 40 il 5 1 .
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2.5
= M. bovis AVspX
mm M. bovis WT

630 nm

| [l
STl ﬁs.ol

£ 1 8 1 BT Ve BE/ (e g/mL)

Fibronectin concentration

B 11 M. bovis WT #1 M. bovis AVspX
5 Fn §iMaE N LLR
Fig.11 Comparison of the ability of M. bovis WT
strain and its AVspX mutant to adhere to Fn
29 %4 Fn HUAERMMENIKIEER
PO A 50 25 2R W, A SR BT Fo B AR AL
) OD M 2 3% & T A A rVspX # HfLH OD
fE(P<20.001) . Wi .3 & TAMADL rVspX HH
PGLFLAY OD {H (P <C0.001) ; i il A ¥t Fn i fA
LBy OD{H 5 TEHt Fn St L ry OD i Z [a] W) It 9
25 (P>0.05) (& 12) , Z W RHT Fn FUE I A
M rVspX 5 EBL 4 69 BB
® iIHFnd A Anti-Fn antibody
B EHIFndik None of anti-Fn antibody

(] %r\vstﬁE None of rVspX protein

O LHirVsp XEE I Pk
None of anti-rVspX McAbs

oksk

1.0 ——— e

0.8
206
S 0.4
0.2

0.0 1 2 3 4

415 Groups

12 ELISA #& Ml s 41 Fn HL4k M &l rvspX b B
Fig.12 Detection of rabbit anti-Fn antibody inhibiting
the adhesion of rVspX to EBL cells by ELISA
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FHB AR OCHE 1 S8 Ry . LIRS AR I Visps HK Y
— SO BB T LA i i e e IS i 2

%

M. bovis WIEER IR . AR, — 28T HY M. bovis
RBEAH DG 2 11 o AR 48 1 5 0E L B Plg 456 06 1
i a-Enolase™™™ (P18 VpmaX" fil FBAN™ £, H
A Fn 454870 TrmFO™ (P27 Fl FBAUS 4§,
XEEFH A CE 1S5 M. bovis 751K N B BUR

Fn o2 2 B J5t 3 58 1) 1) — Ff ECM 800, B 2
— T 2 G AR S £ 0> R 2 BT P TR
B XTEVE 218 B9 P AA e A A 10 il R
FKEE o AT LUAE S AN 2 RAK , 7% 42 e Ji iR
AT A ECM 873, 805 A% 20 i 2 17 A6 i i
ZiaN. Fn Ry 5upl 2 m 5 4 h 25 & i F A% 20
122K, FnBPs Al JF 40 B8 2% g A= 28, A 49 3K
HEBREE AN M. bovis M. pneumoniae %58 i1 FnBPs
SEME TR R R BUR T R EEAEM . PR
Wy, —2k FnBPs F& K 1 2 1 68 ik 35 F A% S D 4K 2 Bf
Al 77, 55 L H AR AT MR HL L B D B RR AR,
Pl . % 5E FnBPs X T487R8 M. bovis A HLH B A

AW rVspX 4 H R EBL 40 g [ 52
B PETEAR I M. bovis A VspX BB 11 AR
REHIESE M. bovis R 43 A B9 VspX & H & —Fh
AR B 1, AL rVspX BAFIM R M. bovis B
EBL 4l it i 50 #F — 25 E 58 rVspX 4K 2B 0 45 5
Mo O THE— 22 BB VspX 8 H 510 401 R Y
53 F AL ABESE R H ELISA B, #F- 47 rVspX %
HA M. bovis A VspX HRRS 48 Fn 45 & 45 1E o
LR B IR M. bovis VspX tEH B A Fn 456 %5
P IF HASHE ST MUESE EBL 401 3% i 43 A A Fn, A
I\ AHERE M. bovis VspX 515 F 401 EBL 4 Jig
B G B2 i Fo A 09, Fn B 58 5 5 19 4R H
AW S L B BT Fo H0 A TE AT B0 85 BE 0 ol 4G 00 4% 2
TR R H XS rVspX 8 0 4E T $E 00 7T RE 2
rVspX A5 Fn 456 WAL R A TH Fo Hiik 5
Fn &5 & A5, KL 5t Fn $iik S Fn 456 5901
AHWAT Fn FEEHB S rVspX HE LA AL,
Jr LA B0 Fo (BT IR A R X o VspX 8 1 E B ™ Az 410
il VEH

BZ  ARMSRIUESE T M. bovis VspX J&—Ff %
53 A BA Fon 85 R R M AHSCE AL 8 T
FnBPs FIEM I .2 5 M. bovis it fis 32 240 Hg , 4k
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Adhesion characteristics of Mycoplasma bovis VspX protein
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Abstract Mycoplasma bovis is one of the serious pathogens causing bovine respiratory diseases.
Meanwhile, M. bovis can cause a variety of clinical signs,including bronchopneumonia, mastitis, arthri-
tis,genital tract inflammation,and tenosynovitis. Adhesion to airway epithelial cells is a key step for M.
bovis colonization and invasion of cells. Adhesin is one of the main virulence factors of M. bovis. Re-
search about attachment has become an important field of pathogenic mechanisms research of M. bowis.
To further analyze the adhesion characteristics of the M. bovis VspX protein,experiments,including in-
direct immunofluorescence assay,adhesion assay of protein and mutant strain to embryonic bovine lung
(EBL) cells,antibody inhibition adhesion detection, ELISA assay of protein and strains binding fibronec-
tin (Fn),were carried out, to clarify the molecular mechanism of VspX protein adhesion. The results
showed that the M. bovis VspX protein was located on the surface of the strain. The recombinant VspX
protein (rVspX) was able to adhere to the embryonic bovine lung (EBL) cells. Compared with the M.
bovis wild strain (M. bovis WT) ,the M. bovis VspX gene-deleted mutant strain (M. bovis A VspX) had
a significantly decreased ability to adhere to EBL cells in vitro (P <{0.05). The above results showed
that the VspX protein was an adhesion-related protein. The anti-rVspX monoclonal antibody was able to
inhibit the adhesion of M. bovis to EBL cells, which further confirmed the specificity of the adhesion. Al-
so,the rVspX protein bound to Fn in a dose-dependent manner,and the M. bovis AVspX strain had a
significantly lower adherence ability to Fn (P<C0.05) than that of the M. bovis WT strain. These results
further demonstrated the binding specificity of M. bovis VspX protein to Fn. And Fn was distributed on
the surface of EBL cells. In summary,the study validated that M. bovis VspX protein was an adhesion-
related protein with Fn binding properties,and the adhesion of VspX to EBL cells was mediated by the
extracellular matrix component,Fn.

Keywords Mycoplasma bovis; VspX protein; adhesion protein; fibronectin
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