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3 IR RSB 2ABE 1WA 284 271099

. [¥ %) %% LRI4K(Mycoplasma synoviae, MS)R L 4La5 5| AL Fa K g A E K. £ F 5 H
MR R EIRBIESF IR X EF . AAREYN, F % LR T 5 REHEX 8K R H E@Rf, &
oA Tt km, @i om EmiR s iR Ea, hahRREARMAZE Zmie, A REF
% B AR (Mycoplasma bovis) #= %8 2 % J& 4k (Mycoplasma gallisepticum) & B 45 B4 (Fructose-bisphosphate
ddolase, FBA) > i Ll & @ ffe X &G+, @ MSH) FBA E& &AM (#7. [ 8 4] 2 MSFBA
FQHATEMZ CF oM. BREEE. RBERESH AT WL EALAN, Hit—FIRE MS Kt
R BEE AW F e EF ek, [F ik 1A id 547 34 PSORTb. SignalP 4.1 Server /= TMHMM Server
FELTN MSFBA #9 2 g 4s. 155 MAB X, F+A BLASTN = MEGA 5.0 #H4T ) /R bbaf A it
At 5475 it Overlap PCR & R ¥ 3 MS ¢4 fha 2L B A7, &4 &k H K pET-28a(+)F# 47 R
AR B AL, FIFHAE G L4 MSFBA (MSFBA) & é1; A MS [t 7 #£ 47 Western blot %€
MSFBA ) %72 R M4, JA44be) IMSFBA & @ 41& % uikdk, 5 MS2H&a. BEG ALK
& @ #AT Western blot 2047, B B2t MS 2 & #AT&EF £ L ASHT, 40 MSFBA #9242 L.
[4 3R] A5 &5 N MSFBA oA Emie/i ¥, RAZ5IK, RBHBRERX, £ MSH AL S
®99%, L HindAt B FBA ABiEfE 61%-78% 1A, #Abm R 75 4§ £ &K (Mycoplasma
bovirhinis). £ R % &4k (Mycoplasma cricetuli)% 45 FBA & & #tib X A &L, H# A8 L RAK
(Mycoplasma arginini). A% % &4k (Mycoplasma hominis)5 ¢ FBA & @ #H4b % & 4% ; & A rMSFBA
FG i, 2ng i aTFRE RN A 33 kD; rMSFBA 465 MS [a P8 do 7 45 45 4,

JE 2 B A BT 4G %, 95 JR M Western blot 2 74t IMSFBA #) i it MS A E E @ L & a K
B, mEREATEE, WY MSFBA Z& oA TIRE Y, EFRARAFEIEE MS 6@k b
AL FBA ZéanA. [4#£] ARKETHRILRAKY FBA BEAR—NZERTHLERKMES,
EEBSHEMR T, ZERAR—F R MSFBA Z A AWM F I ERRET 5 F Ak,
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Subcellular localization and immunogenicity of
fructose-bisphosphate aldolase (FBAS) in Mycoplasma synoviae

WANG Yu'? QI Jing-Jing® LIUTing® WEN Zheng® YAN Zun-Xiang® GAO Song™*
Y U Sheng-Qing
1 College of Veterinary, Yangzhou University, Yangzhou, Jiangsu 225009, China

2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences (CAAS), Shanghai 200241, China
3 College of Animal Science and Technology, Shandong Agricultural University, Tai’ an, Shandong 271099, China

Abstract: [Background] Mycoplasma synoviae (MS) can infect chickens and turkeys to cause
airsacculitis, joint exudative, synovia bursitis and tendon sheath synovitis. Previous studies have shown
that many metabolism-related enzymes in mycoplasma are present not only in the cytoplasm but also on
the cell membrane surface, which act as adhesion associated proteins and play roles on the pathogenicity.
The fructose-bisphosphate aldolases (FBAs) have been identified on the membrane and cytoplasmic
fractions of Mycoplasma bovis and Mycoplasma gallisepticum, however, the MS FBA has not been studied
before. [Objective] To explore the biological functions of metabolism related enzymes in MS, the FBA
protein was subjected to bioinformatics analysis, prokaryotic expression, as well as immunogenicity and
subcellular localization determinations in this study. [M ethods] Using softwares of PSORTb, SignalP 4.1
Server and TMHMM Server to predict the subcellular localization, signal peptides and transmembrane
regions of MSFBA. Blastn and MEGA 5.0 were used to analyze the homology and construct the
phylogenetic tree of MSFBA. The full length of M S fba gene was amplified by overlap PCR and inserted
into the expression vector of pET-28a(+). The recombinant MSFBA (rMSFBA) protein was then expressed
in Escherichia coli BL21(DE3) and purified. The immunogenicity of rM SFBA was determined by Western
blot analysis using M S-positive chicken serum. The rabbit anti-rM SFBA sera were prepared, and used to
perform Western blot against the whole-cell, membrane and cytoplasmic fractions of MS to determine the
subcellular localization. Suspension immunofluorescence assay further confirmed the non-membrane
surface localization of the MSFBA. [Results] The MSFBA is predicted to be a cytoplasmic protein with no
signal peptide and no transmembrane region. It is highly conserved protein which shows up to 99%
homology among different MS strains, and 61% to 78% homology with different species of mycoplasma.
The phylogenetic tree shows that the MSFBA is evolutionally closed to the FBA from Mycoplasma
bovirhinis and Mycoplasma cricetuli, but remote to that of Mycoplasma arginini and Mycoplasma hominis.
The rMSFBA protein was successfully expressed and purified, and the relative molecular mass was
approximately 33 kD. The rMSFBA presented a specific binding to MS-positive chicken serum, which
proved that it had good immunogenicity. Western blot analysis showed the rabbit anti-rM SFBA sera can
react with the whole-cell and cytoplasmic fractions of MS bacteria, but not the membrane fraction,
indicating the MSFBA protein is distributed in the cytoplasma. Suspension immunofluorescence assay
further confirmed the FBA was not displayed on the membrane surface of MS cells. [Conclusion] The
MSFBA protein is a highly conserved, immunogenic and cytoplasmic localized protein. The results
provide a molecular basis for further study of the biological function of MSFBA protein.

Keywords: Mycoplasma synoviae, Fructose-bisphosphate aldolase, Prokaryotic expression, Subcellular
localization, Immunogenicity

5 R XS B0 ) 3 A FEAAFERG /S AR R TEA B, IR H R DR A A
VRS AN VS SRR RE S S R AS AN ARSI PR RS R R, SRR EE A KR, 25 R
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i BRI, FFAREE B E, e £
HEREEAE R SRR A i 2 1T 5 R T e e R o4
(1) 66 56 D] =60 465 = TRT 43 413 7 il 21 (A0 ph 28 20 1R Tl
SRR E PR Mok aa TR,
Z 3 JE R R 5 A A O B B2, A0 e B AL B
(Eno)®™ . WA TR I AL B (TP . H e -3-B e
B (GAPDH)! | [N IR L (PK) 045, R ALTE
YR BT R AR A YIE AL DI RE , oA T A ML R R
T, A5G T8 AR M S8R 1 (Extracel lular
matrix, ECM)n£F i3 J5 (Plasminogen, Plg)® 745,
PBhE R LR RS IR E R . AR,

5 H A S SR — B W SRR AN LA e R
SR, EEMNREER A TR, TE0
e fig ok B2 b, T 48 i (Fructose-bisphosphate
aldolase, FBA)RES AT 3 Mk S BE-1,6- — B mR 2L i
H 1 RN EABERR A 1 A3 A T - 3-
R E RHUA AR R R — . TR GE
EREAT | B 0 % A 2 G A V4 % PR
P, FBA & FIHE IR S & — e e i R 1
AVERRIESWIBUR ; TEMI R 25 Hh FBA &
F7 T 200 MR AN AR | - LA e 2R P ek (1
BT, BB ARE S TR

TE S JE A, B R A S AR R 25 S
JEARI R ) FBA 2R (140 16 B AR 1 R & 1 |
RS RARY) FBA B AR WAHCA Y . AT
SEAE RIS JER WV U1853 #RfY foa KL, Hy &
JEAE IR TR pET28a-M Sfba, #iAJf-4lifk # 4H &
1 MSFBA (rMSFBA), F|HIil#&rI4T rMSFBA 1
GRIMIE XS AT AL 3B, [R1 %52 MSFBA (147
P JFE S i — 2B AR W S DR A T e 1) A 4
£ ) BE 545 SR
1 RS
11 FEHH

MS WVU1853 G PRI [ H B B i A= ) T
R O (R 5 CVCC385); TR S i AR,
PHAE LY W B s 2 S SR T 5 7 His B8 i)

F4 MSEno (rMSEno)4lifk 2 1 1 7 52 56 2 i #A
A B 22 G B T AT X AR SE I B
1, KW FF# (Escherichia coli, E. coli) DH5a fll
BL21L(DE3)/Zz A4 . AP ZH DNA $2HUR
& pLB T Sl 0 L R PR/
TR 5 R TR S & 34 A b AR AR AR R
A BRZ ] 3 Prime STAR DNA 58451 1 45 BR 4 Y
VIl A TaKaRa/Zy ] ; 2xTaq Master Mix i A b
TR R A IR A PR A ) 5 Feik A pET-28a(+)
) H Novagen /A F]; BeaverBeads™ His-Tag [
afifb AR & Selleck 24 wl™ i JEER ALK 2R
R EGAGR G A i DAY 20 ) sk iR
(Bicinchoninic acid, BCA)ZE [k Bl e 157 £
H EE R RAEVHEARARA A HRP fRICFEHL
i 19G ZHiA FITC prid Pt 106 —Hil A
Thermo Fisher Scientific /A F], HRP AR ICHIEHI
IgY —HiH Abcam A Fl . S ARSLR KT IR LI
A S EAEMHEARARA R ; NAD W H Roche
ol SIEW H Gibeo A w5 A H R BERERE
B, BRI EH OXOID 24+ ; NaCl g HAET.
A TR ) A A PR Al o W AR A
Fek. WIEIRIERIE IR 33.0g/L, 1x10° Pa K
15 min J5#5/1 0.01% NAD #il 1005 3% ; LB #
IREEFRIE(Q/L): BREE K 10.0, BERHERY) 5.0,
NaCl 5.0, Bl 15.0 (Flf&ds %), 1x10° Pa K
15 min,

PCR 1Y, ABI/\7); DNA HLikAX . BEALE
R4, Ll RERHEARAR; &G E O,
Eppendorf 23] fHIRIEFRFEIR, IRt RUHEA
#] 3 NanoDrop fif & 4366 11, Thermo Fisher
Scientific 23] ; $HMEIE WiEE, Leicatv]; &
FIHLIKAL . $5EIfE, Bio-Rad A+,

12 FH&E
121 EYEEZESH

M\ GenBank £ 2 rh R B R S )5 A WV U 1853
Pk FBA MR TH(WP_011283497.1), {# H
PSORTb version 3.0.2 (http://www.psort.org/psortb/)
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XT MSFBA £ [ 1) 74 M kA T 7E L T 5
TMHMM Server version 2.0 (http://mww.cbs.dtu.dk/
services TMHMM/) Fiill] MSFBA & 11 i B X 5 fiff
FAAELL B SignalP 4.1 Sever (http://www.cbs.dtu.
dk/services/Signal P/) il il & 1115 5 Ak ;. Rl AE £k
BLASTnN (https://blast.nchi.nim.nih.gov/Blast.cgi) £
Z nr/int BUREE, 437 MSfba JE 5 HiAt fba (1) [7]
Pk ;s H MEGA 5.0 84T 8 EuxE, [RIES AT
PEAER 2 (BT Neighbor-Joining 725)
122 MSHtEFMEEEHMRE

BUZAF BT S 5 WV U1853 Bk, 4% 5%4%
Fi L %% 4% 28 50 mL 3RS R AR AR B 7= 5 v
37 °C #&E %57 40 h, 12 000xg 2.L» 20 min Y4
AR, PRI SN DNA FEBGR 5 £ 156 e
FHEH MSWVU1853 (5L [ 4] DNA, NanoDrop
Tl B TN E FE R 4 DNA ¥, T-20°C
HAEE
123 MSfba EEMRRE KR EKIKEL

M GenBank i 4f 2 H AR XS ¥ M S AR
WVU1853 #k (CP011096.1) i fba Xt [H F¢ 41
(VY93_01925), T ik rh bt (42 B2 1) TGA
TE KA B o 23057, O T H LR RE
FERIGAF R R IR, 85752 TGA 5245
TGG, X} MSfha JEH FFHE4 15047, K& BA WAk
7 T B T 2R AR (55 90 v ANES 558 {i7) . FH Primer
5.0 FAAE B 19 R B g S 2 AR AR TR S 1

#F1 BT MSha ZEFEESIEH PCR W 1354

13 3%F, 51YPHIILE 1.

M MSfba 1F/IR. MSfba 2F/2R &% MSfha
3F/3R 43153515 MSfba 46 H Bt, PCR 1A%
(40 uL): Prime STAR MAX Premix (2x) 20 uL, I
T34 0.25 pmol/L, MS WVU1853 K:[K 4]
DNA #i4% 100 ng, ddH,O %&£ % 40 uL., PCR 4
- 98°C 5min; 98°C 30s, 58°C5s, 72°C15s,
35 MEFR; 72 °C 10 min; 16 °C 10 min, K45 A Bt
YRR IR AR AR, #1754 PCR, Jx
AR ZR AN AR b o B RAS AT 1%
WHEE RS LUK S DV IS T R/ IMEAT e B el Ry
M Sfba JE R 41
124 MSfba EEFRIEFFAIE

¥ Overlap PCR k15 MSfba &K 4K H
BamH | 1 EcoR | AU 5 14453 iA 2k A pET-288(+),
B YAY E. coli DHS5a J&S2 540, AT &
100 pg/mL KABEEZE A LB Bilg -4, 37 °C 53k
12 h, FRIBCC Y BRTR V , HeRh 2% 100 pg/mL R
AREE R MY LB RS SR, 78 37 °C. 220 r/min &
DikESE 6 h, B T PCR %€ , PCR WK %
(20 uL): 2xTaq Master Mix 10 uL, 514 MSfba 1F,
MSfba 3R 4% 0.5 umol/L , % & H 2 ul, ddH,0
#EFE 20 ul. PCR )i 544 : 98 °C 5 min; 95°C
305s,55°C30s,72°C40s, 30 MEH; 72 °C 10 min;
16 °C 10 min, K% NI R ARY KEE R, &
HE TR e /N R ) 150 B B A ok, SR U5 X

Tablel Primersused for overlap PCR amplification of M Sfba gene

GIE7 B 519551 A B
Primers name Primers sequence (5'—3') Sequences length (bp)

MSfba 1F CGGATCCATGCCATTAACAAACG 106

MSfba 1R GAAGCACAGCTTTAGCCCATTCTA

M Sfba 2F TAGAATGGGCTAAAGCTGTGCTTC 487

MSfba 2R TCAAGAGATTTCCAATTTTCTGGATATGGC

M Sfba 3F GCCATATCCAGAAAATTGGAAATCTCTTGA 328

MSfba 3R CGGAATTCTTAAGCTTTATTTTGTGATCC

W NRIZON IR EFDI (7 A BamH | (GGATCC)HI EcoR | (GAATTC); KLY 28 748 355 TV /5.
Note: The restriction enzyme sites of BamH | (GGATCC) and EcoR | (GAATTC) were underlined; The mutated nucleotides were in bold.
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R T YIS . 4 PCR K U) % % ¥ 1E
B R 2% L R S A R BRA FINY 7
G 58 4 TER I BURLORAE, BRidh pET28a-M Sfba.,
# pET28a-MSfba 41k E. coli BL21(DE3)/&%Z %
N, PCR %5 Ay BH - 14 B ik R Sk B 41 3638 bR
E. coli BL21(pET28a-MSfba), ¥ 2006 H {17
F-80°C,
1.25 &EH MSFBA (rMSFBA)EAMEH#RFIER
aifk

4 20 R IR AR H2 5] 10 mL % 50 pg/mL R
AR R M LB M ARKE 5L, 37 °C. 220 r/min 4k
Viki35 % ODego fHiAF] 0.6-0.8 i, fiA 50 ug/mL
IPTG 17 5:3¢35 6 h, 12 000xg 25.0> 10 min Y 8 F# A,
PBS PR A 2, 1 mL PBS F 2Rk, MR mLHE
20 min (FK 40 W, TAES5 s, [AEK5 ), 4 °C,
12 000xg &.0> 10 min 35 Fif FiiE , SDS-PAGE
K rMSFBA 2 P& A Al itk . ¥ Bikor
Pt 200 mL FEA WA T K EIFH RS, HAH
BeaverBeads™ His-Tag #& 114l {b it & Xt i
1) IMSFBA #1744k, Fl BCA S I &
RS e s B MR, —80 °C A7 H .
126 ZREMENGIE

Heatifb iy i) rMSFBA & rMSEno #5145 1 mg,
a3 SRR B e 2 RNR A G 7Lk,
TR T 22 B, i S e P T I R P 22 e,
WS I 2 Ak e — i, 3 =5 2 %R
FIEA T E R AL, R ERE o A G2 Y fR TSR AL, 43
B IS 2 B o HT rMSFBA Al i . 1 rMSEno
Ho ML G B M3 L K I8 23 ) o8 NS R T
40 °C % -
127 MS£H. EREKXERIEE

WA RE A KR MS WV U853 ik, 4 °C,
12.000xg 5> 10 min, PBS¥E 2 ¥k, F 1% i A
) PBS LB HIAUTIE . K PBS VR G MR A
PRI (AR 1.2.5), RIS MS &R . S I
PRI 2 P B EGR)  (L DU 43 B MS T
JEEE IR SR 1, BRI & 114390 BCA 88
P 0 e 37 3 T R B 5 B ORAF

1.2.8 Western blot %l MSH#) FBA EH 7L fEFn AR
Al b i

FHF IR MS &N . B LUK &
P45 (4 ng/fL)Ef T SDS-PAGE Hijk, % 3 Bt
HLUK IS o o — e i A T2 B s i e e, AP
Y PAGE WCHEENTNRRET 4 R (NCIE, SRJG %
AT IMSFBA A IfIL 35 AL rMSEno e IfiL 37 435 1
J—Pri1T Western blot 4347 HAKT 2k Kb
B[S NC JEEH] 5%H it AE 3L 37 °C &4 2 h; PBST
(PBS %W AN 0.05%0 IR -20) e %% 3 Wk Hidi
rMSFBA &4t rMSEno ¥4 1Mi¥ (1:1 000)7E 37 °C
%% 1.5 h; PBST % 3%, %k 10 min; ] HRP
FRER BT 19G —4ifE 37 °CHFE 1 h; PBST
Uk 3, AR 10 min; A ECL JEY) B AT
B
129 BEFRERNAILE

1 PBS EEM MS AR 4% H ==
[ & 30 min, HAIEIXEERIRS), 12000 xg &L
10 min (AT 5.0 35 2R FHAH (] 4% 3 A et 8] 5 7
PBS & F¥E 3 %, Bt rMSFBA flfiL i (1:200)F
37 °CHr¥%ME 1.5 h, FH PBSEIEPE 3K,
A FITC FriciI Pt 19G Piik(1:1 000), ket
37 °CH¥E 1 h, PBS FRIREIFUE 45K, WJaE
OJF B 100 uL PBSIRATG , IRTEEIE A |,
HARBE TG &, fEXOE B MG T W, Uit
rM SEno g IfiL 75 (1:200) Fl 5. FA £ IfiL i (1:200) 43 51 /F
kg PR 0 A A %o B
1210 REBEMEE

¥ rMSFBA Ziifb & 117 SDS-PAGE Hijk,
¥ 1.2.8 i 7 13354 T Western blot, LIRS W 37 )5
P BHME I35 (1:200) 8 —$it 7E 37 °C §i¥E 1.5 h,
PBST ¥t 3¥K; Al HRPFRICHIEHLAS IgY —ht
(1:5000)7E 37 °C %7 1 h, PBST %t 37k, J ECL
JE ) 0 B A T 3 (8 S N

2 HGRE50H

21 EMEEEDH
FF PSORTD version 3.0.2 1547 ¥ 4 Jifg 5 v Fii
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W, 2558 BoR A A4 it . TMHMM Server
Version 2.0 #i1 Signal P 4.1 Sever Tl i% & 11 JC 15 i
X, JTfES Mk, it BLASTN ¥ MSfba 3 [ 41
FEXT nrint £ e, 45 BN fba JE R 7E T 7
TRFI Y BELRSF, MS S[R3 B ik Z 8] 1) fha K]
FEHIARITE Bk 99%; fEFhE s, 5
oS A foa LA L 61%-78%, [FIATY
oA T () 20 R AnJE AR 55 )54 (Achol eplasmay) | Ht
544 & (Entomoplasma) . 12 )54 & (Spiroplasma) .

R 48 Bk 1 J& (Anaerococcus) P Jz 82 IR 25 # 4T B &
(Clostridium) floaJ& PR {8 AH A .45 55 (66%-69%) .

FIH MEGA 5.0 XA [FISRIEEY FBA 1124
i e sk e (B 1), 4553 8 MSFBA 4
FEBR Y5 5 4 B JFA (M. bovirhinis) CIP 71.24 Al
O B3 B (M. cricetul) ATCC 35279 T R4 1
FBA ML R4, SHERIR )R (M. arginini)
7264 FI A& JE A& (M. hominis) ATCC 27545 T#
Y FBA HEbE R

Mycaplasnia synoviae 86079-TNS (AQU47895.1)

Myeoplasma synoviae MS-H (AKJ20575.1)
2 ~ﬂ
1

asf |

Mycoplasma svroviae WVUI853 (AKB11432.1}
Mycaplasma svroviae 33 (AAZ43766.1)

20 ’_7 Mycoplasma bovirhinis CIP 71.24 (WP _099309280.1)

99

100

10
1 T E#E FBA EAM AL IF LM

—— Myveoplasma cricetufi ATCC 35279 (WP_(25755499.1)
33 Mveoplasma columborale ATCC 29258 (WP_036434633.1)
93 | 42 Mveoplasina sturni DSM 22021 (WP_036464333.1)

4—2|‘E'»{vcop[asma giveophifum ATCC 35277 (WP_027333830.1)

65 Mycoplasma pullorim AVCC 33553 (WP_073372195.1)

—— Myvcoplasma anatis 1340 (WP_006886758.1)
— Myeoplasma fermenians M64 (ADV34193.1)
Mvcoplasma lipofaciens ATCC 33015 (WP_027120565.1)
Myvcoplasma elephantis ATCC 51980 (WP_027333979.1)
Myeopilasma bovigenitalinm 51080 (ENY69456.1)
Mveoplasma mebile 163K (AAT27612.1)
Mycoplasima pulmonis UAB CTIP (CACI13283.1)
Mvcoplasmea bovis Hubei-1 (ALEI85794.1)
49 Myveoplfasma conjunctivae HHRC/S81 (CAT04833.1)
Mveoplasma hvorhinis DBS 1050 (A11A40858.1)
Myveoplasma mycoides subsp. myeoides SC str. Gladysdale (ADK70008.1)
Gemella cuniculi DSM 15828 (WP _027130532.1)
4fmefobf avica califorriensis DSM 14826 (WP _072906299.1)
—L,i Lachrospiraceae bacterium (WP_(099448039.1)

96 b Clostridium bejjerinckii AAUL (WP_026887425.1)
Mycoplasma preumoniae 19294 (BAV20227.1)
Mycoplasma arginini 7264 (ENY 697271}

Mveoplasma hominis ATCC 27545 (A1U33819.1)

Figurel Phylogenetictreeof FBA proteinsfrom different species
H: RGBS AR A RS FBA B BEMOKRTR, 55 N7 ﬂvﬁ%ﬁmﬁa TH ) GenBank 5k W RS ET

{3 Bootstrap {E > 1000 ) [ J 345485 B b RO BEACIE bR R (LU 257 91

43 S 5 AL B 1) B AR ]

MRS SRR HAL) s BEACHEAR R,

Note: The strain names and the followed sequence numbers listed in the phylogenetic tree represent the origins of different FBA proteins
and their GenBank accession numbers; The number on each node indicates the percentage with which each branch topology was
supported in the bootstrap test (1 000 replicates); The scale under the tree represents the evolutionary distance scale (the unit of which is
in the units of the number of amino acid differences per sequence); The tree is drawn to scale, with branch lengths in the same units as

those of the evolutionary distances.
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2.2 MSfba ZEH# Overlap PCR ¥ 1% 47 SDS-PAGE MLk 73T, 18 4 Z5 R o B4 4
LI MS WVU1853 FRAGFER 4] DNA Attt  FIERHT KNG 33KkD, 5 B M8 1/ 3 151 43

1T PCRYEEAS 2400, JARIERI/NG 3R TR, 4ifb)/5r) rMSFBA I 4 5

Bt, % Overlap PCR 153|524 ) MSfba K:[H By 4, Jod<wr .

(867 bp), iR ILIA 2,

23 BEFEHAMEEINLEE bp bp
1% Overlap PCR ¥ 34 3k15 1) MSfba 4175

LAY IG5 Rk Bk pET-28a(+)i%# , L2

E. coli DH5a /B2 541+, B PCR %5 ILIA 2000

3A, FFPKHLY 5 BRIEME(FL 2-6)1 %5 Ky Btk . AW L 000 w67

D R LI 3B, A U MR A9 00 3t

Br . T AR R 2RI BT 5 91 4 0 100, 220 100 106

iAisE 4 F k3 Ak pET28a-M Sfba, H MStba
B i AL TGA B 35828 h TGG.,

i Bk
24 FHEH MSFBA (rMSFBA)MIESRIAR 5> MSba EEEEBIEM PCR 44
iy Figure2 Overlap PCR amplification of M Sfba gene

W E 4 ik # K EE 4L E. coli BL21(DE3)JK 1: M: DL2000 DNA marker; 1: MSfha 1F/1R 4" 127 #); 2.
- : N - . ) 3: ) 4. EE
SAAINL. 2 PCR % s g I f 1 bk 6 % 7 4 MSfba 2F/2R §"3874); 3. MSfba 3F/3R ¥ #f7=4y; 4. &

s . SEAH PCR k45319 M Sfba JE[H 42 K.
FILMWH E. coli BL21(pET28a-MSfba). H413% Note: M: DL2000 DNA marker; 1. PCR product with primers

KRHERA IPTGESFEL, MEMME, WE MSfba 1F/1R; 2: PCR product with primers MSfba 2F/2R; 3:
PCR product with primers MSfba 3F/3R; 4: Full gene length of

s, H His-tag bR ic IRk AT AliAl , alifb =) M Sfba produced by overlap PCR amplification.

A B
bp 1 2 3 4 5 6 7 8 bp bp 9 10 bp

5000 5369

1 000 867

867

] 3 E. coli DH5a(pET28a-M Sfba) fIE7% PCR % & & WEELI 4 E

Figure3 Identification of E. coli DH5a(pET 28a-M Sfba) by colony PCR amplification and double enzyme

7 1: DL2000 DNA marker; 2: PCR % 5 P %) B8 (MSWVU1853 1) ; 3-7: E. coli DH5a(pET28a-M Sfba) {4 Il i AL i 1-5;
8: [HtkxtHE(ddH0); 9: DL5000 DNA marker; 10: i #HJfiki pET28a-M Sfha ML[iF] 4.

Note: 1: DL2000 DNA marker; 2: Positive control (MSWVU1853 bacteria) for PCR identification; 3—7: PCR amplification of E. coli

DH50(pET28a-M Sfba) samples 1-5; 8: Negative control (ddH.O) for PCR amplification; 9: DL5000 DNA marker; 10: Double enzyme
digestion product of vector pET28a-M Sfba.
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kD M 1 2 3 kD

130 —
100 —
70 —
55 —

43 —
35 —
25 —

N . |
10 —
Bl 4 rMSFBA EHEMFIEMLEL

Figure 4 Expression and purification of recombinant
MSFBA protein

IF: M: Proteinmarker; 1: IPTGiESHZ#IKE; 2. IPTG
P R IR TR SRS B3 5 3: Al B 4 11 MSFBA.
Note: M: Protein marker; 1: IPTG induced E. coli BL21(pET28a)

cells; 2: Supernatants from IPTG induced E. coli
BL21(pET28a-M Sfba) cells; 3: Purified rMSFBA protein.

2.5 Western blot #: M SFBA # MS i3 %

il 2 MSWVU1853 [ 4R & 1 . I ALK
EH, S EAMLIE T SDSPAGE Hjk, %
e g g BOLK SA . A RIS IMSFBA
RN EF T Western blot 4341 (& 5B), 455 2R
MSFBA 2 1A MS M o . R, Al
BT IMSEno I xHERW S EN . BEA &
3% HE 1 3EF T Western blot #6:0 (141 5C), & B Eno &
FI7E MS BIANBEASE . B3R iR 384 oA (B 1R/
49 kD), ‘SR MSEno [ MiaFsess f—a1, iF
A BT BREERC 1A AR 11 R 2 1 B At
26 BERBRNXIH

BIRRIE LR BN, BT rMSFBA Il i
AbFE MS TR, HE AL GUOEhrE P, £
T E 253 40,56 6 (P BA) , A B I 775 (BA 4 %o B ) b B
1) MS 3 I £E 20 B B T R I 81 4% 68 58 ok
(K1 6B), TMiHL rMSENo He I i Ab BEEH (BH 4 % BR ) )
M S A 1) 2% €8, 28 S (] 6C) o 45 SR B MSFBA
ANTE MS R34 o

o w— 19

A B
kD M | 2 3 kD
| & T
100 e e 43 —
70 S— —_— 2
— ap—
55 — — ?— 35 — ...
43 — e 25 — s
35 — ..
75 —
15 — -
15 — - 10 —
10 —-—

5 MSEZERAMMEEEARN SDSPAGE (A)F1 Western blot (B. C)4734f

Figure5 SDS-PAGE (A) and Western blot (B, C) analysis of M'S membrane fraction and cytoplasmic fraction

. M. Proteinmarker. A: MS JEZE (A FIMI3 3 A 1) SDS-PAGE 47#; B: Western blot Kl MSFBA 7E MS JIE AN o (15534 5
C: Western blot #:iill MSEno 76 M S JEFIHIS sh 204, 1. MSWVU1853 &M ; 2: MSWVU1853 IREH; 3: MSWVU1853

Jd .

Note: M: Protein marker. A: SDS-PAGE analysis of MS membrane fraction and cytoplasmic fraction; B: Western blot analysis of the
localization of MSFBA in MS; C: Western blot analysis of the localization of MSEno in MS. 1: Total proteins of MS WVU1853; 2:
Membrane proteins from MS WV U1853; 3: Cytoplasmic proteins from MSWVU1853.
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El6 BFRERNENEE

Figure6 Suspension immunofluorescence detection results

e A: PLrMSFBA fRIiliF AL B B: BHMEMEXIE; C: HL rMSEno % i b .
Note: A: MS cells treated with rabbit anti-rMSFBA serum; B: MS cells treated with non-immunized rabbit serum; C: MS cells treated

with rabbit anti-rM SEno serum.

27 MSFBA BB IRMMR

Ph MS FHPEXS I 3G 7E A —$T, LA HRP FRiICHY
X 1gY BUAAE I —PridE T Western blot 434,
GEHR R, MS HMEX M E T 5 &4k s 1
rMSFBA 5 [ (K/N2) 2k 33 kD)454, i 5 B P %t
HEER 1 BSA 456 i (B 7). iX %] MSFBA &
FHEA R e ik

kD M 1 2 kD

130 — 3
100 —

70 — .

55— .

43 —

35—

25—

B 7 MSFBA EAREREMSH

Figure7 Immunogenicity analysis of M SFBA protein

¥: M: Proteinmarker; 1. #ifbiEHEH rMSFBA; 2: 4
MLE A,

Note: M: Protein marker; 1: Purified rMSFBA protein; 2: BSA.

3 WiE%ik

SRR TR BAA , & — KRR TE oA A ks %
I rp A R BB A S5/ N FAZ A A ) Ry
SR ARG Z = FRFRAIG I OCIE R, W R A a5 45 Ry
JLFE BN RE R UR , PR LT 5% OB e i A G g 2xt
TR LA EEE X, FBA FEWREEFIL
i S , 2 S JRUARLE K 0 SR . Sun 2518
XF 5 FK = S5 R FBA & H BT ER B A4
KAPENEMIRFRI, X FBA BRI A
A B TN, AT R —Fh T X 25 Tl ™ 55 5800 i
TR )35 U B Sr 3 1 ade  Ji BR A R T 1Y)
FBA EHE—FKEALSEN, EAMFET
HEMWEA T, SIS E RS S EE
J1, R S A FAEAER R, BT REA I
FRH BT 522200 FI PO 1A iy
(Schistosoma japonicum) &4 FBA (rSjFBA)EE H
YEN BB, 3 TR rSFBA Btk 19G 1Y
RIS 28 W a6 (EL I SA) Jr s, AT FH T Ml Jeke e
H A L% HLU R N T SIFBA BB 19G 1 3hZs
AR FEXSEE S AT A S AR g B b g A
R 2 FBA £ 1114341, R AR SR B Western blot
X MSFBA 4 1 Y SE AN E (7 64T TR R,
Pt rIMSFBA iy VE /R MS BRI FBA
oA, MR EA A FBA EH5 1,
A LR MS B I AR B AR S 4 5. [
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B, SRHHT rMSEno SR IiLiE /R A HPEXT IR, X P
B MS JBEER AT B e TR, R SRR A 1
FSE B b YA MSEno 434, WFESE AT HRECAY i
HAF R, WS 2 R &, Ak —4
UL EE I, FA] SR TR IR 0 6B A A I
FBA & 20 i /e MS i 2618, 45 BoR N
FAME, 16HH MSFBA & FZ - mfEdiiuiid . 4
14 Western blot #:1ll H FBA 85 [ & — NI i s
JEPEEE T, IS S A R ) S I A R

PARaE, MR 2 BEH FBA 2K (1 RERS MG
VSR 1 AR A B R R 0 D B
NRTE FANS R P AR, SR Al
JRURE , 55% SRR 88 1 S AL 2 8] 4
A BT B SRR S IR, e i
WoZRRF, FBA SEHMMFTIA AR ILHGE ., it
X MSFBA F43IF 4 < (o A B S v P9 AT B TR
RHAYIADIRE, HE—P 0 HEUE LT H A
XU RS AR B W R BT i A B
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