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W E AR, THEBAGCTUARBF I RABEROERDHATATERBXAXRZARANROLGTAA
BV, B A R ALKk A Western blot skt A7 m  EREN . DF L RE—ABEEZFG Ml 9 BRERBREXBHATR
REAZGPACHERBRXAX ALFFHEA BEARFFANREAARAKLTLEEAEAB X ;DK 4 5 F 448 pG-
KJE8. pGro7., pG-Tf2 #e pTil6 5 54 H AR O TA ML £X TAEE (BL2D PR AKX, S mANLREH
1.0 mmol/L IPTG ¥ & 0.5 mg/mL L-F 344 #5 & 5.0 ng/mL W E 63 57,37 ‘Ci# 5 5 h, L 45 F 1448 pG-
Tf2 #= pG-KIES #t 2 ##2 & M1 &4 K B TiE Ak , e 2 Ao FHBAKE M1 6B X3 TEERE
Ml ABREEF L RAMBELETTAL AR FRRLE, B, ARLLI2H 5 THBTALF LREBEES
BERXDHBRALRAATATERS X AL AR TAAYFR. AR ERTAEIF LREA KN ik F9
B 7 ik B b A5 gk W e B LR ARk,
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Soluble expression promotion of Mycoplasma bovine membrane
protein by four types molecular chaperones in Escherichia coli

WANG Yanfang''?, ZHOU Yaping'. ZHANG Xinzhu', LI Songjian',
MA Changjiao' , HUANG Haibi', HAO Yongging'*"

(1. College of Veterinary Science, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. College of Preclinical and Forensic Medicine, Baotou Medical College, Baotou 014040, China;

3. Key Laboratory of Animal Genetics and Genomics of Ministry of Agriculture, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract To study whether molecular chaperones could promote the expression of Mycoplasma bovis membrane
protein in soluble form in Escherichia coli and the expressed protein was active or not, prokaryotic expression and
Western blot methods were adopted in this study. The results showed that: 1) The truncated membrane fragment of M1
from M. bovis was expressed in inclusion body in E. coli expression system. Its expression form remained unchanged
by changing induction time, temperature or induction agent doses; 2) Four types of molecular chaperone, pG-KJES,
pGro7, pG-Tf2 and pTf16, were respectively combined with recombinant plasmid and expressed in BL21 with the final
concentrations of 1.0 mmol/L IPTG and 0.5 mg/mL L-Arabia sugar or 5.0 ng/mL tetracycline inducer., After 5 h
induction at 37 C, it was found that molecular chaperones pG-Tf2 and pG-KJE8 significantly increased the soluble
expression of truncated M1 fragment, and the other 2 chaperones didn’t change the expression of M1; 3) The truncated
M1 fragment had specific reaction with the positive serum of Mycoplasma. In conclusion, the four types of molecular

chaperones promoted the soluble membrane protein of M. bovis expressed in E. coli expression system, and didn’t
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change its bioactivity. This result laid foundation for establishing effective serological diagnosis method and producing

the subunit vaccine of M. bovis.

Keywords molecular chaperone; Mycoplasma bovis; membrane protein; soluble expression; prokaryotic expression

system

Y JFAR (Mycoplasma bovis) 7] LL 5| 4= ¢ ¥
KRR LT 2 FBR L % R RO 3
FFLIR R AL 4y BRI A 3D AR G g 4 i
FFRA A T H R0 & e %, ™ 5 BH A% 5= 4k
RN RS X R AT H S ISR LR A A DG 0
A LTI IR 1.6 ACRKOT s 3 E AR B
15,7 J3 3k 4 BRI R Il 2 BE T | S5 3 0 10 28 9%
WK 3 AT A . HE A A 9 I S D Ak A K
PR ik 70%, Bl & VR 108 {2 3
JE . FRE T 2008 AR U A RFWE rh 4 B 1S
B JEARS . F Al 30 2 A R A SRR
9o 5] o 2 S DA 2 0 3 % Al 3k ™ o R L 22
ek B AR R X A S SRR AR 1 TR A O
5 AT Rl T A S AR A 80 I TR A7 12 W D ik R IE
BT B B BIF A A AR BRI AR A

PRI oAy A 7 AR AT | 1 T B R A 7 Ay U R
KRG —HIERBIREA R EETT 5. R, 0F
Z W5 R WIS U R A 7 R A rh g R
IRAA DB LA AT P B 3R 3k, R DAL TR AR B
KB WA R IR R BRI SR R A S
R T U B DA R I ] BROAR AT D AR R Rk i L (R AR
e R R TE R L ] BB Al 2R SRR B AR A
PLR R ik H BT RS RS . 014 AT LA ik
SN FE R R 8 R ge b LAl P3R4 R0
AR PR I B 8 O R R e R P R TR R AR
FGEILLA AR SCEAR ) — A AR P U e B o BF 5 %
G AR R GR BAK pET32a- M1, A 2 4 52
JE AR M1 23005 4 For 5 AR TE K AT i 3
Fik AT M1 2 DA AT PEIE 23R8 L S B 4 4R
SCEAAR I B 2 R ST A S JEAE RO I TE 2R 12
Wi 7 1 B A

1 #M#EEFRE

1.1 E#REMEF

M. bouis 4 B o 45 4 Ml K3 BB 4
S SIS R A B IR A s IR AR pET-32a(+) .,
Ry A S AR R A T By IR A R S R A 5 R
¥ B (Escherichia coil ) B Z S MM Trans T1 Al

BL21(DE3) g [ 4t 50 42 50 G A= ) e R A7 IR 2+
(Transgen, Jt51); Chaperone Plasmid Set lj H 5
AW TR CRIED) A RS F) (Takara, KiE)
1.2 ik#

PrimeSTAR HS DNA R4, T4 DNA % §
Mg H %A W) CR D) TR AT R 2 7] (Takara, K
) s BRWIPEAZBR A VTR H Thermo 24 w) () ;
DNA Marker I 3 46 56 5 L A: f R A7 B2 7 Clt
505 DNA &l fl [nl o0 & ok 32115050 & H
Axygen A (5[ s WG E H o> 1 i br el A Jb
s EEYHARA RS A (Transgen, J6 505
Ni-NAT His Bind 1§ A 4= T4 9 TR R B A
BRZ2A 7] 56 X Loading buffer 1§ H 38 = R AEWHAA
BN W) (Ab ) 5 IR 0P AR AR 1 IR - OXOID
N A} CHEED 5 Dbl E W B 5 B A R 23 W) (R A
) 5 HAB IR 149 A [ 7 43 A 2 97 i
1.3 M. bovis EE AR

M. bovis 53 B R He Fp 2 32 J5UA PPLO A4 K5
FeHerh .37 °C 50 CO, KiFRMih #5732 h, WL 3
mL B .12 000 r/min K1 E.[> 20 min, GFH PBS
VRV 3 UK, 4 I S R A L PR 2 B IR R G U B A 4
B4 . —80 CI-F.
1.4 BREAEENSH. T ERMRL

LA Uniprot B4 2 i M. bovis PG45 ¥k IR & H
(EAPZT2) J7 3y 2 B, 38 S [ e 970 FF i D) 32 4
A= V17 B2 1000 2 A 0 B o 2 X LA K D) e 4
R, W A X e 50 i AT 40 BT AR F A A 4 A
AT TGAZEFST) i Overlap PCR
P0G R R A RIS P 51 14 TGA %
A8 g [ RS 1 TGG, IFAE LR 5140 20 5 m A
BamHIF SaclBYI07 45,3 1 A519F 5. PCR
R R H AR DNA 2.0 p1.,10. 0 pmol/L _E FiiFE5|
& 1.0 pLodNTP Mixture 1.0 pL. Prime STAR
HS DNA Polymerease 0. 5 pl.5 X Prime STAR
Buffer (Mg*" plus) 10.0 pL, KE MK 31.5 L.
PCR JZ N % 1 35 A2 94 °C B ZE# 5 min; 94 °C
1 min,55 C 45 5,72 °C 60 s i 1 MEH . UE:4T 32 4>
PE ;72 CHEA 10 min; ff5 4 “CHRI .



%12 FHIT %

VO Fift 53T HEAR R B A SCIRUACIEE S A R AT T b AT O A SRk AT Y ”

%1 M1 EHE Overlap PCR 3| ¥ F 5l

Table 1 Primer sequences of M1 gene for overlap PCR amplification

519 4 B

Primer name

FEF(5'-3")
Sequence(5'-3")

FERIR N/ bp

Amplicon size

F CGGGATCCAACAACAGAGATCTAACCGATCACT 253
R1 TATTTATTGCAAGCCACTCTTCATT

F1 TTGAATATAGAAATGAAGAGTGGCT 398
R CCGAGCTCCGATTTATCTCTACGGCTGTTTTTA

TE T RN BRI YIRS BamH T R Sac T 7751 s BHA S 22507 45

Note: Sequences underlined represent restriction enzyme sites of BamH [ and Sac | ,respectively; Italic

letter represents mutated site.

1.5 MBEZFRIEHRME pET32a-M1

¥ pET-32a(+) kL 50T 1S 19 M1 JE A J
BEAY S BamH 1 F Sac | 347 X G , B B il 4
SRRl 30 pL: M1 SR Bt 3 pll, 10 X buffer
3 ply BamH 11 pl., Sac 11 pl, ddH,O 22 pL, #H
TR AU R R A 30 pll: B4R Bk 25 L, 10 X buffer
3pLls BamHT 1 pL, Sacl 1 pL, 37 CKE A
P11 b B PE 8 DNA K [ i 70 & 0k 47 el i
16 Ci % iE#H )5 %1k Trans T1 &2 & 6 PCR
UL ) 56 5 S B 04 kL % 10 A T AR TR IR Ay
A R R HEATIF 5 43 8 85 DU 1E B 1Y) J50RE A 44 R
pET32a-M1,
1.6 JR#ZRIE pET32a-M1 R EREER

H 20 Bk pET32a-M1 43 5l % 46 K i 4 16 & ik
i BL21(DE3) , #k AN T 7% i 47 PCR %0E . JF 4
K F 5 mL LB(# 100 pg/mL Amp) ¥ 8% 35 3 ot
WEEFRE IR 1 2 100 KB 4R T 50 mL LB
100 pg/mL Amp) WAKEE 572,37 ‘CHi 32 2 ODgy,
R0, 7 AR AL B 1 mmol/L () IPTG, 4k
42 37 CHe¥H53% .95 5 h,5 000 r/min Z.» 20 min
WCAR A JCTR PBS PE¥ 2 YK, 6ml PBS [m]% , 75 i
W 15 min(65% , TAERTE] 5 s, [A] 8L 5 s)»12 000 r/min
IR B0 10 min, PLIEH] 5 1 TH S5 R B A= 3R K
[FI% . M A 6 X Loading buffer # 10 min, Jt 15 pL
¥ MULTE T SDS-PAGE,
1.7 4FnFBEERL ARG HE

AR E A Bk pG-KIES ., pGro7. pG-Tf2 Fll
pTI16 CE3E WL 1) 43 5l 5 Ak BL21 J& A2 35 )5 o #5-4l
FRURZ AL . K pET32a-M1 FHPEBRL 1 pL 5
100 p L il & 4 09 & 43 7 PR AR 09 8% 32 285 4 i 2 2 R
A7, 9K FCE 30 min, 42 °C G 90 s, vk FiE 2 min,

A LB ¥ 32 500 pl, 37 CHRFGHEFE 1 h i
100 pL BWWIRAG T & A Amp Al Cm 19 BT 455
FedE 37 CH I FR AP ARk 2 A B0 K
T PCR % 5@ I AE& A Amp Fl Cm (19 XUHT R AR 1 9%
Fep R F%,37 C 180 r/min R 5 5% 12 h %
FE TR Tl
1.8 BMEASHESITFERERMRUREEH
BAREH S THEEMEE S THEWEE 1 :
500 (RFR LM T HUE LB B3R W, 37 °C ik s 4R
Ui I TG AL S P TR AR R L 12 100 L 451 42 Fi
F A M PG 35 mL LB 53,37 “CYk4k
K32 3 h, 24 ODgoo 3538 0. 7 B, M4 A [543 LR A8 I
ARTFE 5T R IPTG, 3547 4 T F- AR A2k 3 Ak
Ml AR R, 755 A B E AR pG-KIES
A pET32-M1 1) b Wi i A&k B4 0.5 mg/mL
L-Buf Rr A 4, X3k BE /9 5.0 ng/mL PUFR 2, &k FE Ny
1.0 mmol/L TPTG Y7 T ; 76 & A £ 45 8 1 kL
pGro7. pTi16 F1 pET32a-M1 4 3 ¥k HHin A 249 2y
0.5 mg/mL L-Faf Hi7 {7 Bl FIT 29k F S 1. 0 mmol/L
IPTG W35 5 7 76 & A B & A Bk pG-T12
pET32-M1 BB H in A 23k BE &1 5 ng/mL U3
Z AW E N 1 mmol/L IPTG 1955 F (4% 5k 4
TR AR 3 A R 2 RE S 0L & 2); 37 C.
180 r/minfg % 1595 5 hs A& 4 FAA R F4H R B
BRIMA LM 1 mmol/L 1) IPTG 353K ik
W5 R 5 000 r/min B0 10 min YA 6
&, PBS YE¥% 2 k,5 mL PBS [0, ¥ 7 i i i
10 min(65% ., THE 5 s.[@ & 5 s),4 °C,12 000 r/min
B0 10 min J5, UO3E 5 175 S R B A 2R K 1]
%5, M A 6 X Loading buffer 2 10 min, Ht 15 L |
I MPLE ST SDS-PAGE,
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araC

araB £rolll

[)G—K,]ES groES
dnak (11.1 kbp) Pri—1 ‘
tetR Z
dnal pACYC ori

grpE

rmBT1T2

(a)

o
a araB

/ araC
gs lig
|

pTf16
(5 kbp)

PACYC

(‘1'1//’

()

pACYC ori

araC

pGro7
(5.4 kbp)

araB
groES

groEL

(b)
Pzt-1
’//:. il
PACYC ori groES
r"/“;l G i groEL
T pG-Tf2
{ (8.3 kbp)
'K tetR
\
(d)

B 1 m#sFHEESRAEE

Fig. 1

Plasmid profiles of four molecular chaperone proteins

R2 ERHNABHEEEERMERESY

Table 2 Plasmid encoded chaperone proteins and inducer

g FEAR AR B a8 ¥ EFY B/ & X 7Nl
Plasmid Ahaperone proteins Promotor Inducer Resistance marker
pG-KJES8 dnaK-dnaJ-grpE araB L-Arabinose Cm
groES-groEL Pzt-1 Tetracyclin
pGro7 groES-groELL araB L-Arabinose Cm
pKJE7 dnaK-dnaJ-grpE araB L-Arabinose Cm
pG-Tf2 groES-groEL-tig Pzt-1 Tetracyclin Cm
pT{16 tig araB L-Arabinose Cm

1.9 BHNEBHHELEETE
W5 5 R Ak 0 AL PBS Ve ik 5 . 8 S i
W5 -12 000 r/min B0 15 min, W I, S8
SRANAAL  WCRVE W L #E1T SDS-PAGE J3 87, 14
w015 pl,
1.10 BHEA|LEWEELEN
Fatifk i B /8 A 2 10% SDS-PAGE, A i #%
75 & PVDF B, % 424 100 V, 40 min, %5 B J5 (1
PVDF B 5% Mg 7L 37 ‘CHEIKE 6 h, & 0.5%
Tween-20 # Tris-HCl 2% ¥ ( Tris Chydroxymethyl)

aminomethane, TBST#E ¥ PE¥% 3 K, &YX 10 min,
BIA 1+ 50 A5 B B4 28 SR G I8 FH PR I 35 . 4 °C
AR L TBST ki e 3 U, &K 10 min, il A
AR o 48 4k W B ( Horse radish peroxidase, HRP)
PRI B E BT IgG (1 ¢+ 3 000),37 CHEH 1 h,
TBST ¥k 3 G -DAB & 437 & i,

2 HERESH

2.1 M1 EFEEREOTERMIL
Z: M8 Uniprot g M. bovis PG45 #f i ik
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FHIF A Ao T AR AR B AR SRV TR 7R R AT R R R R T 79

M (EAPZT2) 1Y 7 51 3R A5 56 5 (14 J& X 7 3 IF ik
Bel 2 HE . R 1 248 bp, g f 416 4~ & R, FH
primer 5.0 s B K AT 4 ALK ILBS T, 40 50+
%5 82,107,208 F1 351 4 3fR. Fl ] DNAMAN
XF M1 ZE H HEAT Bt B P 1000 75 25 130 ~ 337 & HE R
X B RS KM XU £ PR AR B
Shy 2% TH PUE Y T RE M R K, YT B DNA JF 5
388~1 011 bp By ¥4I . Horh 625~627 bp 75 L3k 17
R W% TGA 2745 ) TGG, i3 Overlap PCR #~
HARAF A SR AR M1 ZEHF 1, HoR /Nl 630 bp, 5
Fi A /INH— B (B 2), PCR #3472 953% LA T
A w45 98 if NCBI Blast, 25 5 i
N5 AR SR AR R fE R PGAS R R 99%, 5
NM2012 # , HB0801 #k . CQ-W70 # , Hubei-1 # 1
AR 98 %,

bp

2 000
630 bp

750
398 bp

250
253 bp

M, DNA marker DL2000; 1, 5|#) F. R1 {4 38 7=4;
2, 514 F1, R My 193, F. R 99 879,

M, DNA marker DL2000; 1, PCR product amplified
with primers F/R1; 2, PCR product amplified with primers
F1/R; 3, PCR product amplified with primers F/R.

2 HFJFE4E ML EEHR overlap PCR ¥ 1E =4
Fig. 2 Overlap PCR amplification of
Mycoplasma bovis M1 gene

2.2 FERREHEME pET32a-M1 HIFE 5 RE

pET32a-M1 4 ki 2% b g A= T 0% 9 5 45
B blast [EXt, 5 M. bovis PG45 ¥k, HB0SO1 #k.
NM2012 #k . Hubei-1 #f1 CQ-W70 #k 4 [7] 5 7k 35
99% .1 kb TGA WiZh% 48K TGG, |4 Fk ik 17
Bam H | il Sac | XG4 E 5 HUEER — B, &
IKH AR pET32a-M1 4 L)

B8 5 5 ) pET32a-M1 T 41 BH M 5 kv . 55 1k
BL21 B , i M Pk 5 1 75 - 42 PCR % 5@ IE 005 - 8% 1
BT AMP' Hu iy LB #5552 5 b, 37 “CHR ¥ 15
FEAR SRR MR 1 2 100 KLY 15 F
AMP itk LB Bi 525,37 CHRP R 2 ODsoonm

1 0.6~0.8 BN A IPTG % 2 ¥ FF 41 mmol/L,
25 CiE R RIA S h J5 WM R & & b 2% 5 1T
SDS-PAGE HiJk. BEFER I 15 pl, 525 H X HAH
g, EHE A R, K F Ry 40 ku, 57
WIRAN—E 3. BT RIBE I ERAEIT A
w23 I 15 L B3 MPLTE#E 1T SDS-PAGE 43
BT o FR3K 09 8 1 UL TR AR TR AR 7E (B 4D

ku

100

70

50
40

30

25

14

M, %[ Higt Marker; 1, IPTG i % pET-32a(+) 25 # Ik
TAH; 2. KiFS pET32a-M1 AW ; 3, IPTG iS5 pET32a
M1 F A4 .

M, Protein molecular weight marker; 1, Product from
pET-32a(+) after IPTG induction; 2, Product from pET32a-Ml
before IPTG induction; 3. Product from pET32a-M1 after IPTG

induction.

E 3 ZEH M1 ZBHK SDS-PAGE 4} #ff
Fig. 3 SDS-PAGE analysis of the

recombinant protein M1

2.3 HAFHESENEANERE

O VRS o AR A R R R T S
#3ik,SDS-PAGE 458 W./R & A 7 F 18 pG-TI2
H1 pG-KJES 1 B /R 8 75 8 13 AT UL AH X 43 it 5
940 ka B9 H B &0, RS 2 W HEA M SDS-
PAGE LK —ZMPtET L EHMEA s A 7
FAEAR pTIL6 Fl pGro7 WY1 & H 19 8 1475 DA A 18
WL R K38 ; Ui 43 F 1R pG-Ti2 FIl pG-KJES ¥y
fig (2 #E H 0y 8 A a] ik Rk I 4 F B pTILe
F pGro7 XF 3¢ i B K I R 8B WA W
(K 5).
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ku M 1 2
100

70—
50

40 40 ku

30

2

14

M, & (1% Marker; 1, IPTG %% pET32a-M1 T W LV5; 2, 1 PTG %
pET32a-M1 HHH UITE .

M, Protein molecular weight marker; 1, Product from pET32a-M1 after IPTG
induction (supernatant); 2, Product from pET32a-M1 after IPTG induction (inclusion
body).

B4 ZHM ZAHREER SDS-PAGE 51

Fig.4 SDS-PAGE analysis of the expression of recombinant protein M1

ku M 1 2 3 4 5 6 7 8
100 —

40 —p

M, &[4t Marker; 1, % % pTf16 fl pET32a-M1 T H L1 2, S pG-Tf2 Ml pET32a-
M1 T W B 3, %% pGro7 Ml pET32a-M1 A L1 4, 5 S pG-KIES fil pET32a-M1 T
A L 5. % pTI16 Ml pET32a-M1 WAL W ULIE; 6. 55 pG-TI2 1 pET32a-MI1 H 4 I Ui
UEs 7. 5 pGroT Ml pET32a-M1 ALEYLE s 8. 55 pG-KJES Fll pET32a-M1 HA B HLIE

M, Protein molecular weight marker; 1, Product from pTfl6 and pET32a-M1 after induction
(supernatant) ; 2, Product from pG-Tf2 and pET32a-M1 after induction (supernatant) ; 3, Product
from pGro7 and pET32a-M1 after induction (supernatant) ; 4, Product from pG-KJE8 and pET32a-
M1 after induction (supernatant); 5, Product from pTfl6 and pET32a-M1 after induction
(inclusion body); 6, Product from pG-T{2 and pET32a-M1 after induction (inclusion body); 7,
Product from pGro7 and pET32a-M1 after induction (inclusion body); 8. Product from pG-KJE8
and pET32a-M1 after induction (inclusion body).

ES5 #FHES5HNEBRRKIE SDS-PAGE
Fig. 5 Co-expression of SDS-PAGE with molecular chaperone and target protein
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2.4 HREEW4GUEELTE
¥ & A pG-KJES F1 pET32a-M1 Jit 4 i) 5 21
WL HEAT U5 5 KA, X 3R I8 W W AT 8 R AR,
12 000 r/minf.0> 15 min, B .48 0. 45 pm JE
ku M 1 2

100

40

b8 JE N AT 24k B 8 AS A o BE DK e
J L i B 1Y Bk B T 22 SDS-PAGE 43 # K, 160 Al
200 mmol/L [y WK M 8 Bi (9 4% 2 b B —,
300 mmol/ LAY KM 3k I Y 5 A7 H #8454 (18] 6)

4 5 6 7

M, EHTY: Marker; 1, 55 pG-KJES Ml pET32a-M1 T4 H FiE; 2. W% 3, 60 mmol/L
DRI PE B W 5 4, 100 mmol/L BRMEPERE s 5, 160 mmol/L BEMEPER s 6, 200 mmol/L BE mMA 3% B 7K 5

7, 300 mmol /L KW % 5 K

M, Protein molecular weight marker; 1, Product from pG-KJE8 and pET32a-MI1 after induction

(supernatant) ; 2, Fluid penetrating fluid; 3, 60 mmol/L imidazole eluent; 4, 100 mmol/L imidazole eluent;

5, 160 mmol/L imidazole eluent; 6, 200 mmol/L imidazole eluent; 7., 300 mmol/L imidazole eluent.

6 Ml EAM4WK
Fig. 6 Purified protein of M1

2.5 Western blot 3T B EBQEWEYE
alifk J5 19 H B 1 2 SDS-PAGE 3k, 1] 54
SCFEAR B BH P 1L W A AR R R AS S CBD T L B 4y
TR PRUE A 35 M T 5% R 58 R g b DLl %
PRI X3k L RIRTE A oo 28 R 5% e FLAE Wi v

ku

40—

M, &Y Marker; 1, glifbiy M1,

M, Protein molecular weight marker; 1, Purified M1.
7 Western blot 47 M1 & B £ #17F 4
Fig. 7 Western blot analysis of the bioactivity of M1 protein

339 it

A S AR A R FR AR i R R —
A S T A A A B RE L DL R 1 R A AR
% - S WEOR VAN 7 HE M S S I A A DAL= I R DS
ELISA #ill 75 ik iy @ r . A BHUF AT BRI ] iTRAQ
FOR XS A AR SR AT 8 11 2 2 E 9, R AR S AR
JREEE 1 M AT BB 2 A St A J B 0 £ 92 it M Y 2R
(RKF) o WA SRR IE 5 22 19 30 2 28 S AR AT
Ar 1 g 45 H ( Variable surface lipoproteins,
Visp) » 3T AF o [5] P A0 X 28 32 I A 1y JHCAth I 4 1 Al ik
o7 WA BAT 5T, 0 3 I AR & 1 P81, P48, P68,
P33.EF-Tu.PDHA %" 4145 P81 @ 7 £ &
PCR K0 532 » T A% 590 A 3 D A 0 T L 3 SR
P48 fsp PR, T ELISA #5 s P68 7E 3B 43 4 ¢
JER AR B R I BB IE A R — P R

W OB SR K AR S B Ry et
FEIR IO A LAY S k2 AT LR v AN TR
HEEM RS . AR o SO SR
S I v 2 AR 7k B R RO R AR 1 ML i R GATE
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AR 23 T REAR AT DLRE B 5 — S F i E#R 3 &
AR ENEAS 4 Fo - EIkRa, L 2
Fift 53 7R AR AT LATSE /A0 6 0 A4 1 T A 4 i AT R
KA AR SRR B ST T AR RGBT .

Jii #7 pG-KJE8 % ik DnaK. Dna]. GrpE.
GroES Ml GroEL 5 #iE . TEH BN H Dnal] A%
TR ACH K7 GrpE (I BT . DnaK @ i H 7 S
PR T 5 I S h AR A 255 S5 R
fEHF 8 [ OE # P &Y. IR E H GroEL 5
GroES #i B 8 H AT OB i — A28 18 o8 35 1 B9 IE B
P& S LR BT L T A2 F 25 37 & 2R E ) RAR RS
(3 2l . i B B s AT &Y . OB pG-TH2 B3R ik
GroES. GroEL #ff Trigger factor(TF H¥+), TF
PRI 20 B b e — 5 RO IR 45 6 10 4 AR ]
COOH A 3 /T 5 87 A= IR BE mi 7K 5862 25 5 - AT B 1k
B A IR ok Pk LA i & L 1 TR 2R IR BE TE B AT
B, 1E GroES-GroEL Wy #h A R, AT LL4& = 2 1
HRITE MRS, AR Ry TF H+
wWEAB Z W REAAENIIRE . X H
XF o3 F AR AR 2 AT 1 3R Gk AL PO L I AV 2
ATk BT .

e S AR IR B R R A A A% R A &R
g8, HRA A7 AR R R AR PR 2
KTz s L SR 22 i 9 3 I A0 S AR 1) TR 2R
FI R BT SR L 7E K AT T R s 1 & b 2 DAL W A
W FRIK X 4 S AR R IR AR A7k T
L WAE T AR B 58 & B4 T E 1R pG-Ti2
1 pG-KJES 1] U 4= 32 J5L iR M1 & 1 LA ] i
PEIE X Fe 38 L 0l A AL TR R 0T 1L 7T R DA R 4T X
eIk 0y A SR AR BB 1A TR A E A B AR 3 AR 4
AR BEHE — 20 1 2 MR — b 23 1 AR AT LAFS B R A 2
(i) ) 28 ) 2 11 S5 0 T 0 M e Ak B R KT 2 AR 7
A A HE B0 0 R PR kR AR BIF O G i
Western blot $iiE T 2 4k 9 I & 1 B A A= W 1% 1
SRy B ST (e R AR SR IV 212 W TR B T R .
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