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Western blotting 2~ #7 & ¥ ST1-LTB-o-pak &K B £ KMATHE ¥ 473] T k&, @& &a o TE44H 110kD; 20 L X B
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M, TARRK AT A fe F L EBEAR B RS, MW THAEH 4 BL2I(DE3)(pETSTILTBaR)A 2 AE A T 1574 875 &
B TAZJE W 69 iE LA P H .
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Construction and Immunogenicity of a Genetic Engineered
Strain Expressing Nontoxic ST;-LTg-o- B Fusion Protein
Against Diarrhea of Piglet

Jie Song, Mingming Qian, Jianing Bai, and Baohua Zhao
College of Life Science, Hebei Normal University, Shijiazhuang 050016, China

Abstract: We constructed a recombinant strain BL21 (DE3) (pETST3LTBap) including ST;-LTg-a-p fusion gene via molecular
technology. The SDS-PAGE and Western blotting indicated that the ST;-LTg-a.-f3 fusion protein was highly expressed in Escherichia
coli and the molecular weight of the fusion protein was about 110 kD. The recombinant strain was induced in different concentrations
of lactose and different aeration rate. The optimal culture conditions in 20 L fermentor were 1% inoculation (V/V), initial aeration 5
L/min, 0.03 mol/L lactose addition 3 hours after inoculation, and increased the aeration to 12.5 L/min for the following 6 hours. The
fusion protein was about 38.53% of total cellular protein. It was nontoxic, immunogenic and protective against enterotoxigenic E.
coli and Clostridium perfringens infection The constructed recombinant strain BL21 (DE3) (pETST3LTBaf3) could serve as a
candidate vaccine strain against diarrhea of piglet.
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frmEAamMZm " mHERYERETFR
(Enterotoxigenic E. coli, ETEC)3 | i41-4% 1 18 $%,
9 0] PR R AT I AE T RN A R, L S S
ARAATHE S A Jo s 1 B 3 9 R 1T 26 R0, s i
HOK M1 80K B AROIRZE A, R E N 2 BPIR B
JiE B, B AR 8 CETEC 2 2 v a1
—RNHERAGSEHEE R ERETF), SRR
% EA K88, K99, 987P. CFA. PCF0166. F41 %;
7K N EE R, oG F R (Heat-stable
enterotoxin, ST) Fl /A Mif #4 % I% B % (Heat-labile
ernterotoxin, LT), ST Al LT J& S 24 sh W iE 15 10 &
B80om N . ETEC & Bk %5 2 %5248 115 T i Kl
FE A b R A B, DT R B A, AR R R R,
H M 75 2% 8 R B R 20 R o R AR Ak, S ER
hERETER . ATHELIIR f PR IE AR B (Clostridium
perfringens, M FRELIRHR B 51E, M40 E &5 E &
FRIIRBCIE R 5 . B o URE AR 51 S SR
M FEREEZ—P LW A.B.C. D, EXL
B, HEoE N R E A A AR, Hpo-# &
FIB-FE R A2 A TUBLICAR A AN C B =S R 1
FEA SR AL PE IS TR R

H A0 XF AT 5 I V5 1 25 L 7 36 1 AR AT 8 T e il
B AP A RIAIT - BB T ARSI AT 1 R TR SR bt
BRI, AP0 5 B O RIS 25, o] F ik
AR R, A A T AL LRE, A R
K, B kB i & AR, 025 83R 97 4 v R 2 ) 5%
B, SZm PR BT, ek NI £ R R R I S, T
HL b F 1 25 B RR 0 7= A, VR SCR R, A
FE BT ARG B O XM 3 R TR
K88-K99. K88ac-LTg. K99-F41, ST-LT %) XKi%
BEFXTHPESR, (A4S PR & a2, RRE A R
AIBRIE PR, SRRe O 25, WU JE TR T AR 8 1 44 B
T B R ROR, (8 3 SR AR X R, A
5% 5 B RAAE T S AR A T 190 2000 A1) o-B 3 A T
B, A5 T HAHAR A S B AR B

R SRS R, AT IS & H RIS IR
M EBERRZ —, GBIk T B K25
Jeo HIBF —W ZRIEIRBERUR, ARSI 16
F|'T ST,. LTy Ho-prER R PEUEIERA, Mgt T
T 4 R FER TR B E AL R RR, X R AR A
o7 D RN S S EA T TR RS, R TR

TR, A
-

% J5 BT 7 6015 6 2 R T
S T R0 U

it
1 HHE7 %

1.1 EHREHIK

PR B R AE K AT BRI o PR A 3 IR A 3 TR
TAERPR(BL21(DE3)(pETop)) i AL ERAF; K
FFEBR EEAR C83905 il A RIS JEHAR I NCTC64609
H 75 PO A 36 k2 s B #k E. coli DHSa .
BL21(DE3) &% ¢35 Jfi ki pET-28b H 4% 52 1 %5 {7 17
pUCTM-T 2K {_FiA: T AP ARG BRA A
1.2 FERFIETLEE

BEL )4 9 UD T Hind 111, Nde 1. EcoR 1. BamH 1.
NotI.NcoI.SallYj Taq W<5 T ELl§Y04 H TaKaRa
23]y BRI IR G B A A BOR A R
TL Ao
1.3 ST;. LTgMo-pEREMTESFFISH

4 GenBank /A MFEIR ST, LTg M=K Je
M o, pEERIEHMZATER)T S, FIF Primer
Primer 5.0 B4, #&it—R& 5510 LE HHTIEEZ
FIRTRLI . 519 R1. R2. R3 &AM ST,
FERRRE 3 & 2 Dbl e Rk L (Cys) 1)
TGT Fl TGC %78 i 9 hh 22 24 FR 5k 55 (Ser) 1) AGT Al
AGC IRAESEM, PIFBR ST, By # .

DL AR L 20 pETap kL R iit, #1H
Fl.RI;F2. R2; F3, R3; F4, R4;F6. R6 N5 |¥, ¥
14 ST, . LTp Ha-BaltG 3 HE F Wi ¥ ST,. LTy HSo-B
filG 3L PCR =443 5% 42 8 pUCH-T 20k |, 15
F|FEH R, pUC-ST,-1. pUC-ST;-2. pUC-ST;-3.
pUC-LTg Ml pUC-af o 3% 422 77 Wy e b 31 8432 25 At
DHSaH, £ IPTG/X-gal B A HE I BEfiiik, Rl
ok Vg, SRBUTORL S PR T XY S . K e
Wit 1 BRI Bk 2% 0t A 1 A ) AR R 55 A R vl ik
TR AIAE
1.4 BAEERE ST\-LTp-a-BRZFTIXHIKAHE

¥ JFoki pUC-ST,-2, pUC-ST;-3 Hl pUC-LTy i
FPAEEY], [T F T4 DNA JERERPR 2 4~ ST, i 1
A~ LT B KK EEAE pUC-ST -1 152 5 4 ffokr
pUC-ST;LTs; ZTERITHI 4T IEH IS, F FS.RS 5l
P PCR 44 ST,-LTp 5[5 Fr B, BRI 44 P9 YI i Neo 1
Al Sal 1 43 B VI9 14 7 ) F & 3K JFURL pET-28b, [1]
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Table 1 Primers used for gene amplification by PCR in the study
Gene name Primer sequence (5'-3") Enzyme digestion site
F1: CCCAAGCTTCATCTTTCTTCAAAAGAAAAA Hind 111
R1: GCATATGCCAATAGCTCCCGGTACTAGC Nde I
ST F2: GCATATGCATCTTTCTTCAAAAGAAAAA Nde I
! R2: CCGGAATTCCCAATAGCTCCCGGTACTAGC EcoR I
F3: CCGGAATTCCATCTTTCTTCAAAAGAAAAA EcoR I
R3: CGCGGATCCCCAATAGCTCCCGGTACTAGC BamH I
LT F4: CGCGGATCCATGACCATGATTACGAATTCG BamH I
8 R4: ATAAGAATGCGGCCGCCTAGTTTTTCATACTGATT Not I
ST.- LT F5: CCATGGGATCTTTCTTCAAAAGAAAA Nco I
e RS5: GCGTCGACCATGTTTTTCATACTGAT Sal T
F6: GCGTCGACGATAATAATTTCTCAAAG Sal
a-p R6: ATGCGGCCGCCTAAATAGCTGTTACTTT' Not I

WK ST -LTg fill & 56K 5 pET-28b 44, 153 B 4]
FIR TR pETSTsLTy; JFR Py UI 1 Sal 11 Not I
3 BIEEY) Bk pUC-op Fl pETST;LTg, [HI5 ¥ a-p
AN E A ST -LTp @A LA T iiF, 15518
ki pETST:LTgap, 1L KM+ E BL21(DE3),
732 H 4 3 Pk BL21(DE3)(pETST;LTgap).
1.5 SREEREHEHKRNIBESRIX

FLHH BL21(DE3)(pETSTLTaf)iA T 5 mL
FRIRERMN LB WA=+, 37°C ikl s,
Fit 1%(VPV R T -RAREE 2= 18 fif LB IR 15 77
th, B R B X EUE K (ODgo A 0.4~0.6), TS Ak
FER) IPTG s FLHA S RIBEHEN, 7 —REERN
XPRE, T 37°C TARZLEESE 6 ho UEERIR, EET
TE(pHS8.0)"H, FHINAZE & 1) 2x& [ buffer, WK 5
min Ji7, 47 SDS-PAGE 4341, Jil GelPro4.5 # {4k
5534, W K38 1) o TR AR SR R S
1.6 RIEFNERGITFEHBPEIDH

BUA TR 1 mL, 70K P aEA 58 m v,
BRUGHIA 30 s, [E]FE 30s, JLHA 8 W, BT 1T
W 4°C. 5000 r/min B0 5 min, ZHI0CEE EiEA
UUBE, BURERETT SDS-PAGE 2h#fr, Wi ik ¥4
KA A1 2 B v 1 A
1.7 REF=YI8Y Western blotting 7347

¥ EHH BL21(DE3)(pETST;LTsop) FilH #2413
k2 SDS-PAGE 73 #r o % ENTS IR 2T 4E R I, 435
PAbRUE LTy BT I ABR HE oL I 3 h— T, HRP Fric
B bt B 1gG S —$ii#E T Western blotting 4347 -
1.8 EETIRERFSREZHNMIL
1.8.1 FHFFFF 1907 %

DL 1% A8 4F BL21(DE3)(pETST3LTBap)
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PRI BRI, 37°C KREHEE I, K595 3 hit
Ay BIGINZHAE 5 0.01 mol/L 0.02 mol/L . 0.03 mol/L .
0.04 mol/L HIFLBESATEE R, HIHiAES LA
1 h BORE 1R, A3 AT G R AR, 4% 0 A 1 i
17 SDS-PAGE 43-#, Xft HIE IRk &, it
RIS 5%
1.8.2 & TL AT

Hil % LB Bigedt, GRRE 1.2x10* mL, DL 1%3EFh
TR INAZURERAE SRS, 4 AILA S L/min,
7.5 L/min, 10 L/min. 12.5 L/min, 15 L/min. 17.5
L/min, 20 L/min f#ES &S HFE 6 hy 1§ EITEL
Jit17 SDS-PAGE 43#i. TR 3 WK, i el
e
19 FEHEHRERIRLNFRENVTHE

4 F Ak BL21(DE3)(pETST:LTsap)iE S 6 h i,
INAZHRIE S 0.2% B 37°C KT 48 h; 12 000
r/min &0 20 min, AEFEIKIEER 3 K, BBREY
2x10° CFU/mL, fJaA 20%M S8 L, e
R,
1.10 EHFEHERIENFEENZEENE
TUAE 3R /K B ) KB AL IR TR A 5
B, 49 FE R 0.3 mL, X HEZLIE B 4T 0.3 mL
AERRER K, WEE 2 JH, AR/ R TE G L
1.10.1 ) ZCp 5= /D B #(MLD) 795 &

BRI HE R FE AR C83905 FIl A B/ bR
B NCTC64609 43 il FH 45 3% 1 43 ) 7 8 A % I ik
1x107, 5x107, 1x10*, 5x10*, 1x10°, 5x10° CFU/mL
PR, B R 5 HR/NR, 8 REREE
B 0.2 mL; B IR EA /N S R M EM
21 A, HE B/ N
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1.10.2 DA RIS I

1 6~8 Ty M £k 2 B BH R /N BRUBELAIL 43 B 6 4,
BEAL 10 H, BRALo BIEAT BT TR G G i il 7 sl ) i
FH 2 A I B A AR BER K L AR ERITIR AW .
551 ARG IO SL N TR 55 2 41vEST 0.1 mL
AR B RS IR TR, A6 3 4 ST 0.2 mL
A EALRR R IO SE TR 55 4 4TS 0.3 mL
AR ERENRIE RN TR, 8 5 HEss
BAMRIIE G 55 6 1SR MK A A AR R
HTE G PIAE R B 5524 0.3 mL, 2 J&] s s 4
FE 1 W IR 1 AR e AR, 2 ) 4 28 [] i
P Rh i/ NBOE R KT R SR BE R C83905 Al A
FIP= SR T NCTC64609, WLEE 1 RS H &
FFET GO, FFIEA T4 LU H A W ER
1.10.3 Y [ HFEA TR TG RE T 16 55 B 212

EARE TR B R % 10 L9 m A
BESS, TE77 1 45 d #0115 d 23 SIS0 LA U 5 K%
FE TN 45 5 mL; 55 B 10 Sk BRRE I 59 A=
K A R AR RS P E A X R, W
£ 60 d.

2 #X

2.1 ST, LTy flo-BEREMZESF5I0HH
TR EREERBITHEIEFE 4 DNA 4
Bitl, A5, BIP#H T 2 150 bp Al
400 bp BYERSFYEF WA 1, K 2); MEsERE, F
F DNA Star #0445 GenBank 318 1% 3L K B 41 347 [
VEPEHLER, RIS LTs JEHEFESE M17873(J4 1R
ETEC () LTg ZEE)FAEETE A 100%. FER—A>
ST B 3 A 2 b RET THA WE, 5558
B ARAT . LA pETap Bk tsisR, § 4 H 7245 1.9 kb
I o-BRE T PEDTIRSE R (] 3). 22 DNA JF 8143 Mk 52
Ja-BEE R PRI PR LA
22 FAEEE ST-LTp-a-BEZFTIEHKRIE
k&
221 B FEAFEIENTFEE F1 SDS-PAGE 747
JikL pUC-ST,-2, pUC-ST;-3 F1 pUC-LTg 47
M1, H 2 4> STy SRR I LTg SE IR BeAR UGE H2 2
pUC-ST,-1 # /&, 2 DNA A HrES:, 45H8%
B (O 4 Bk pUC-STSLT & A 3 N8Ry
STy HEPFN 1 A LTg B, RAGEREAK N 828 bp

bp

2000
1000
750
500
250

100

1 ST, #[E PCR ¥ 4R
Fig. 1 Amplification of ST, gene by PCR
1, 2: PCR products of ST gene; M: DNA marker DL2000

1 M

bp
2000

1000
750

500

250

2 LTy #E PCR ¥ #ELER
Fig. 2 Amplification of LTy gene by PCR
1: PCR products of LTg gene; M: DNA marker DL2000

1 M 2 3

3 o-piRIPEIREERE PCR 4R

Fig. 3 Amplification of a- protective antigen gene by PCR
1, 2, 3: amplificated a-p protective antigen gene by PCR;
M: DNA marker
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(Kl 4), B4 28Tk pETST;LTaflf 1] % & F1 PCR
HLPK S, BB T 1 849 3 kb 2419 B B (R 5),
% ft BL21(DE3) 14 #| & 41 I # BL21(DE3)
(PETST;LTgaf). PEICRAF RS, 11 0.5 mmol/L
IPTG W59 5 h J5, #17 SDS-PAGE, Z53%KH

ST1-LTg- - Bl G 2 K AT A6 X Fl 7 32 7 H 45 DL R 3A
FIXEMATTEL 110 kD(E 6),

M 1

bp
2000

1000
750

500

250

4 pETST,LTy E4H R RIEE ] B iE
Fig. 4 Identification of recombinant plasmid pETST;LTg
1: recombinant plasmid pETST;LTy digested with Not I and
Hind IIT; M: DNA marker DL2000

1 M

bp

3000

1900
1500
1300

1000

500

E 5 FHFK pETST;LTzaplEE ] B it
Fig. 5 Identification of recombinant plasmid
pETST;LTgaf digested by Not I and Nco I
1: recombinant plasmid pETST3LTBaf digested with Not I and
Nco I; M. DNA marker

222 FASTE ARG TR
% B 4H #i bk BL21(DE3)(pETSTsLTsop) i 75 %
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W, B W (AT 2R D) AT TE (R 43 3] 42
SDS-PAGE %5, 45 RIFMFiA8E H EE UL

I AP TE

29.0 ——-—-F’

kD
97.6 — =

66.4 —

443 -

20.1 —

143 —— T T

El 6 SDS-PAGE 7 HiEHERT E. coli PRIFRIA
Fig. 6 SDS-PAGE analysis of the expression of the
recombinant protein in E. coli
M: low molecular weight protein markers; 1: the total proteins of
the recombinant strain BL21 (DE3)(pET28b)induced with 0.5
mmol/L IPTG; 2: the total proteins of the recombinant strain
BL21(DE3)(pETST3LTBaf)induced with 0.5 mmol/L IPTG

2.2.3 A EHH9 Western blotting £27

$+ E 2 TH BL21(DE3)(pETST;LTgop) #1241 3
k% SDS-PAGE 73 #7 )5 % NG FR 4F 4 25 1, 4T
Western blotting 4347, DAB & )5, {XFE 110 kD /¢
A BRSSP BRI (B 7), IESE 110 kD bR
FIB I HA SO R

1 2 3 4

s — < 110kD

7 E{HEHHR Western blotting 747

Fig.7 Western blotting analysis of expressed products
1: the reaction of the total proteins of the recombinant strain
BL21(DE3)(pET28b)and anti-a toxin antibody; 2: the reaction of
the expressed proteins of the recombinant strain BL21(DE3)
(pETST3LTBof)and anti-o toxin antibody; 3: the reaction of the
expressed proteins of the recombinant strain BL21(DE3)
(pETST3LTBaf) and anti-LT toxin antibody; 4: the reaction of the
total proteins of the recombinant strain BL21(DE3)(pET28b) and
anti-LT toxin antibody

23 EEIRERSSRIEFHRML
230 FABRIET FHFAI I

AL AR R DL 1% M i B — 20 Fh 11,



RN 3K ST1-LTB-o- PRl 1R PR T B R A 22 B L i I e 20 A7

1345

37°C K FEWEE AR, H59% 3 h BE IS Ik
>4 0.01 mol/L. 0.02 mol/L. 0.03 mol/L. 0.04 mol/L
FIFLBEEATIE S, 45U 8 PR, FEFLREME N
0.03 mol/L W HMEARILEREE, ANDEAT
Y 38.53%,
232 HAIFFRFE NI ELT R
ARG SRR LI R, % A TR TR AR D
1.2x10* mL LB ¥ 37 3L < 1595, 78 12.5 L/min (138
SIGFFAMT, HEEFREEGS T 5 L/min, 7.5 L/min .,
10 L/min A938 S5 54, BT 15 L/min, 17.5
L/min, 20 L/min BESIEFRFEME, 0 HE RS
HHEZ 5T 5 L/min. 7.5 L/min. 10 L/min. 15 L/min .
17.5 L/min, 20 L/min (B KEFHRE&ME, Hp s
L/min, 17.5 L/min, 20 L/min i’ 55354540 F LT
WAHEHEANRE,
24 ERIBRANERHNHEREREREEHAR
241  RH LA IEME
(RN EREN Y/ PL el £ =T W 2y SR ke |
Wk, TERNKAGTIE, R EHREMR. &
JC ARG 56 R0 R A 56 5 22 B N AN, 3 Rl R 4
TRAENG, YITOIR RAEAR 3, RS o B AR Ak

kD |
97.6 —

66.4

443

29.0

20.1

14.3

4

8 FHEREMRIZEHFIE
Fig. 8 Effects of lactose on the expression of the fusion protein
M: low molecular weight protein markers; 1: the total proteins of the
recombinant strain BL21(DE3) (pET28b) induced with 0.04 mol/L
lactose for 5 h; 2: the total proteins of the recombinant strain
BL21(DE3) (pETST3LTBaf) induced with 0.04 mol/L lactose for 5 h;
3: the total proteins of the recombinant strain BL21(DE3)
(pETST3LTBaf) induced with 0.03 mol/L lactose for 5 h; 4: the total
proteins of the recombinant strain BL21(DE3) (pETST3LTBaf)
induced with 0.02 mol/L lactose for 5 h; 5:the total proteins of the
recombinant strain BL21(DE3) (pETST3LTBap) induced with 0.04
mol/L lactose for 5 h

2.4.2  RPEIEFE(MLD) A9

ANEREERN R, XS 56/N BURIXT BN 1],
ICSRBOEIE L, 8 KIGFT 1 C83605 i /NEFE |
g 1x10° CFU/mL, A 7= /S JE R 1 NCTC64609 fi
INEBEF R R 1x10° CFU/mL.
243 DEIRPPESE IR

NG 2 RGeS, R /NEOE Y
KIGF R T C83905 K A Bl S MK HE
NCTC64609 H#; 45K ILEK 2, ATLIE X A 2
KRIGTFIRACT:, 1 N RFRIET:; KIG P a4l
TRIPEN 80%(8/10), H B2+ I P 1 e 20 (R 3
ZA[IK 90%(9/10). KEE ST, K S /N A fd R /)N
U], BUNg R RIEA U Y R, HE Yefash
RILE 9. WIE ERTLIE i, wAEr/NR/ NG S E
B AN AN L, LR ZHESR B, NN
9B bR A HES ) R A T R AE /N BB A e
f B /N BB IE o
25 HEIHVTRAKWER

RN 4 PR, wTLUE H G S R TR TR PR

B9 /NREALYF HE FEER
The observed results of HE stain with histological
technology
A: the nephridium of died mice; B: the nephridium of survived mice; C:
the intestine of died mice; D: the intestine of survived mice

Fig. 9

x3 NRERRIPERNE
Table 3 The protective rate of the vaccine for the
immunized mice

Groups  Groupl Group2 Group3 Group4 Group5 Group6
Diedmice/ 10 210 p10 310 1010 10/10
total mice
Protective

rate (%) 80 80 90 70 0 0
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WG, A8 R 3R W RRAIR . A Sy X BE 20 %
REF(ZTE 50%LL I, HERFIL 100%), FiEREL
TE 65%LLF; TS edl A A B AT 58 (255 )
FIRE A R SE 0 A B S JIART S5 IR R s 8
HAR KRR 40%LUF, HERE 65%LL L. &t
92 AT H 3 3l L X REZEL R 5 AT A e, B K e
3% B R s B R) S AE L R A R RE R R
STSTISTICA 6.0 3K 4% 3= 4 ik AT Gt 2250 #7: T
K P=0.0027 (<0.01), =583 W g dl 5 %)
AP R R R E R, RVIA SR iy g
(A BE PR TR 1 AT LA 3 AT A I A TG
T4 BENEKRGREIBLER

Table 4 The results of pig immune experiment

Experiment group

No.of  No.of  No.of

Control group

No. of

No. of No. of

offspring sick survived  offspring  sick  survived
1 12 4 9 13 4 9
2 15 6 10 10 5 6
3 13 5 10 12 7 7
4 11 4 8 11 7 7
5 10 7* 6* 13 9 5
6 12 2 11 12 4 9
7 13 1 13 11 11 0
8 12 0 12 10 5 6
9 10 5 7 10 6 4
10 11 4 9 12 6 6
3 W

7 I R ALK AT R (ETEC) 5 2 M 4 & 1815
e E SR RAT, BERT MR AE 50%5
ETEC ¢, Mgl B K&k . H ikl iy
ETEC B 1 2% IR T4 119 18 & (41 K88, K99), {HH
TR ERKZ, Froffl wE & Em T B R AR
Tk, MilpEE R BA ST, LT AN, il s U i
AT AR AL, AN 26 ST, BUAKAL & 7E
LT WAL R il N i, U T —2e25 8, 5
WER TRMURE, HIFRA RSN, EEET
FYEERY ST,-LTg @l A LK ik = A ST, #k
ST, I # R AT & A 6 M EaRIkEE Cys, X 61~
Cys AIJE A 3 %45 N i s, X ST, AWtk 20 H
B OARE CR R R, BT LA ST, R AW E
,@[10,11]0
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PR RS TR R A M IR A S B0 T, e+
R A, BT B REIE e, R . [
Ol Az 7= R B R b, 4 R S AT LT R e
RE FPFHEHRE, RSN RIRREMIET R, A
e ) ORI R R A o R R MR- R .
a-FERE A BRI R EE B0 R T,
Nagahama %6 Guillourd %543 HHRIE T -5 £ P4
11, 68, 126, 136, 148 {ii I M4 @ sk I xt L HA
TR CE Y, 68 il 148 v 2H 28 R Hofth 22 I ik
FRELHUIC, BTl 2k LA i s it Fn stk 1
HHEA R0 55 i, 34k, Williamson S5t it iH
T 247-370 {7 ) o7 R H BEEAT R I G Sk

H A Y 25 R AR i R A e e — A
JRHE, BTSRRI R, e
Y928 T H IR B R A L BRI T AR G 50 7 S 56 = A
TAER AL b, A48 ST, M3 PR, A3 58
AR, TEHEBIKE FRe4ifidh Cys B9 TGT 278 B J
fh Ser i) AGT, X HFI ST 28748 K ) e 38 7 il 2k
T2 AEEN A, S5 ST, RAKRARAL
ST, AW setE . X T ST FAAE S I itk 55 i ) i, A<
WEFEKE 34> ST R R — i, RBW = P3sin T
2 APURSERR, B2 T ST, WAy miM . LT &4 1
A5rFEh 25 KDa 19 A WA S AT 1]
KDa ) B W50, B AT AR S TR B U 2% 25 440 T
e ATER, A ARE M0 B2 40 v 5 IR 4 iR 17
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