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Construction and immunization of an attenuated vaccine
candidate enteropathogenic Escherichia coli 045

. * . *
Yi Hu, Jie Song , and Baohua Zhao
College of Life Sciences, Hebei Normal University, Shijiazhuang 050016, China

Abstract: In order to obtain an attenuated vaccine candidate for enteropathogenic Escherichia coli (EPEC) 045, a ler deletion
mutant of pig enteropathogenic E. coli (PEPEC) 045 was constructed by using the suicide vector pCVD442, termed as PEPEC
045(Aler). The culture supernatant of PEPEC O45(Aler) deletion mutant was inoculated in vero cell culture. PEPEC O45(Aler)
deletion mutant lost the toxigenicity to vero cell. Test group and control group of mice were orogstrically inoculated with the PEPEC
045(Aler) deletion mutant and the virulent strain O45 respectively. Mice were observed daily for clinical signs and weight changes.
Test group of mice inoculated with PEPEC O45(Aler) gained weight normally and experienced no clinical signs. In contrast, control
group of mice inoculated with virulent strain O45 exhibited weight loss and all died in four days. In another experiment, pregnant
mice and pig were orally vaccinated by PEPEC O45(Aler) twice at interval of 14 days respectively. Subsequently, the suckling mice
and pig were orally challenged with O45 at 7 days of age respectively. The results showed that 80% of the sucking mice born by
vaccinated mice and 75% of the sucking pig born by vaccinated pig were survival; 15% of the sucking mice born by non-vaccinated
mice and 10% of the sucking pig born by non-vaccinated pig were survival. This study demonstrated that PEPEC O45(Aler) deletion
mutant lost the toxigenicity to vero cell and to be safety to mice and pig. Oral immunization can induce specific immune responses in
mice and pig, and this mutant strain could be used as an attenuated vaccine candidate against PEPEC O45.
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70 G TSI N 7 o 5 (Enteropathogenic
Escherichia coli EPEC)J&—Fh5| L \ush¥y B g5
W IE N ERAMNEZ T A R R R A 4
RUAT, O RS s T E LTk,
Har, BE HAX ¥ B SEHYE KB E @Pg
enteropathogenic E. coli, PEPEC)ZUR1E M55 45 /0,
Xof JFL Aot A 2 R0 5 DR TR 5 9 A A e R T
o EAMmERMREZ, HEURHLIEC BEA U,
B e 1 FLEO B 0 358 DX 91) B HE 0 ok A e g A
IR R . FRalJEiE 10 42k, BN 4EST
PEPEC 73 ¥ igtfe . BUm LA G Mo oe, H
5T 45 J A B R85 K ¥ o AT T7E PEPEC # J) 2
RIS 48 . Dhge S R 35 DR 4 VR FH 7 TS T 58 ¢
Ve, CLZ3IFSE PEPEC 1ESURE B 51
9 A/E JR7E, IS4 RS, PEPEC fy 2
7% IR F 5 7 F 20 & (Pathogenicity island, PAIs)
1% 40 Mo Wi % 7 & (The locus of enterocyte
effacement, LEE) I, H DNA K& 43 359 bp, 43
LEE1.LEE2.LEE3 . Tir/eae fl LEE4 AP HRHE X, H
41 FREHE, dmht 100 ) 43 22 S 1 D) e 2 11 S AR
XEH, FHFHEHMT LEE .0 EEKE ler
(LEE-encoded regulator)%} LEE & J7 3[R E(LEE1 .
LEE2. LEE3 . Tir/eae fil LEE4)) 3 1k 1E 5/,
ler 55X EPEC MOS0 I B AT L 2EAEH, ler 55 M 6l
JAIffi EPEC M J) 3t e (HAT B AR SR A e L vk o
s 45 55 ZE DI 2% PR ler Rk 28 A8 T B T He 3
i K AT RDEC-1 Al REPEC 0103 () A/E 45
YERL, % ler SRR R 5B MR BE S 58 Aile 2k, RNEAH
Fom Pk, (B EA IR B e ik, Xk PEPEC %
BRI B T B AR A AR S FRe e X ZE S
NS T M KIGFF 3 (Enterohemorrhagic E. coli,
EHEC) O157: H7 A/E KA, A PEPEC
55 7 56 [ TR B A A e ERAE T OIS W AT IR
52

R0 DR T 58 5 1 1 S R i e i LA
LAk, Bz Bop T AR B 58 A 0 e Rk . AT
FE ) B AR T AR R AE T A B TAESE AL b, DLEF A A
PEPEC 045 Ui K Bidk, FI A A E AR 5
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I, MR LEE 20 8 1 E PR RE R ler FEH,
Fy 7 PEPEC 045 1 ler BRI RASH IR, HF5EAE
FERIKAF X LEE B0 & 998 755 475 F L &4 PEPEC
045 Utk A2, 0 3 Fh 28 A8 B REVE R 92 1 1Y)
AL BEYE, W AWFH T PEPEC 045 L T FL 55
Y25 1 B9 LA

EEEYE

1.1 #E

AMRMEAEZT R IR 1. Wk
PEPEC 045 Fll SM10pir DL K JFik: pCVD442 75
HEBFE TS RS BB, B DHSo Fll Vero
MM A ER-AE, pGEM-T . FRIMERZBR N DI . T4
DNA ##if . Ex Tag DNA R4 . DL2000 DNA
marker 4 H Ki% TaKaRa /A #], ZEBEEHER (Nalidixic
acid, Nal)llJ H Sigma /A A, #4245 2 C (Mitomycin
O A Roche Al EHA R AL BER} R S50
b, I REREE A 2R B .

R AHRMERAEREEREY

Table 1 Primers used in this study
Primers  Sequences(5'-3") ;gggzl(;noip Eﬂll)eng
Primer f  gagctctttcgecgaatg 4620823-4620834
Primer g  ctctataagctgaatgta 4620104-4620121
Primerh tacattcagcttatagaggacactgaagaagaa  4619810-4619824
Primeri tctagattacgagtagaac 4619084-4619096
Primerd ttaactaaatggaaa 4620448-4620462
Boed 751 agttcagttatcgttatcgtt 4619755-4619766

DL s EAZ AT IR T | W48 i K% TaKaRa /A H]
G
1.2 FH*
1.2.1 045 Gt Nal® #9157

FAP 100 pL I E5FR1 045 3 5 mL & LB
WA, 37°C PRz 3R 2D BUER I, N A ZSuE R
2 (Nalidixic acid) EZUK [ 20 pg/mL, 4kLiiEF
. HATRES, TRAT T8 20 pg/mL Z50E R 1Y
LB B4k b, 37°C 35, PRECHRA RV 2R
F 5 mL #{k LB R4 h, 37°C Pk B35 B0 U K
B, FEIMAZEEMIRR R AU 50 pug/mL, 4kE%
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FERR . HATIRESG, WA T3 50 pg/mL ZE0E R
) LB A8 AR I, 37°C B Fe i 7% o HRIEpAN 7 42
FiF S mL WK LB 3R, I A ZEne iR = 4
WHEDN 50 pg/mL, 37°C #5538 5 IRAE TR D, MG
FREDE S H T Nal®, idh 045 (Nal®),
1.2.2  FY HAPEEF pCVD442: : Aler HI 147
R 3 () EPEC 045 Y4k I LEE 20% 5
FIJETTIE R ler LB DNA J781, BFA M T
2 X 51%): Primer f, g Al Primer h, i, i#iJ PCR § 1%
H A B 279 bp 1Y ler BRACIER R B Aler 2 50
G 5] F AR MEFURL pCVD442 it E 4] [ R kTR
pCVD442:: Aler ., ¥ T 41 TR FE AL 2 KM T R IR 3Z A5 4
Jii2 SM10 Hh, FyEFE LR SM10 (pCVD442::Aler).
1.2.3  #HY H ARG FE
Ay S HE RS2 AR O45(Nal®) M LA T SM10
(pCVD442::Aler) ] 5 mL LB(50 pg/mL Nal) Fl
LB(100 pg/mL Amp)f ARG FEIE , F 37°C % 55
Fakw . R 41 BB 4 5B SMI0
(pCVD442::Aler)Hl 045(Nal®) i1 7% 55 3591, 1%,
FHUE AR AT U8, A TR B AR ZE DR IS I o K DB T
TR LB Biig -t b (U BEAT 4 B 19— w1,
F 37°C B FRd i, RSB B AR . SR A
ERKVE TR BN B A, HEA T AT O RS A R A
F LB(100 pg/mL Amp, 50 pg/mL Nal)Bifg ¥4z I,
F37°C K Fead i, PRERAAS R iE1 T PCR %08, 15
2 WEFLAT Z80E B R B BT 2R B R YU TS
¥k, BIATRESZ H B EE 4L ik 045 (pCVD442::Aler).
1.2.4 BRI T FFE 045 (Aler) 1T -5 B &
#1045 (pCVD442:: AleryRIIZ T LB(100 pg/mL Amp,
50 pg/mL Nal)BEfE A I, BRECRA & R
5mL LB (50 pg/mL Nal)JE & K: 723, F37°C IR
SR o X i s SR A TR O R IS 4 R T
S RERERY LB (50 g/mL Nal, 5% Sucrose, J& NaCl)Bi
BRFHL, F 29°C Kigeadik . HA NS EEFRM
LB(50 ug/mL Nal, 5% Sucrose, J& NaCl)Fii5 4 I
PRBCAA BV 43 480 F LB (50 pg/mL Nal) A Al
LB (100 pg/mL Amp) V. XFFHRERE %R Nal®,
Amp® I REPEFT PCR %2, TR 045(Aler).
LL O45(Aler) ) et i tsit, 514 Boed751
F1 Primer d #7314 ler ZER R B, 1% B Big BiEE
il DNA AR50 S gk [Tl PCR 774, SR )5 F Ik

FEYRE KE TaKaRa 28 @l iEA7 P800, DLSE E f
BT Bk O45(Aler) i 26 g 5L 1 550 .
1.2.5 045(Aler) FHX] Vero 2 # 135 %

YA L8 EIEUES: AP 5 puL 045 AN
045(Aler)®] 5 mL LB H1, 37°C #R 1515 3% 16~20 h, #X
J& 4500 r/min 20> 10 min, 3] 0.22 um M58
TERR B, B 4°C IRAEA T .

BN A 85 37 Vero 411 7E DMEM & F0H,
37°C, 5% CO, ¥ FE 15 57 22 20 IR Hh - 1 525 240
SR FRRER N AL Tk, 56825 24 fLanfads =,
BEALINA 1 mL A HLE TR, 37°C 5%I1) COL W
KRB R RZ AN, W RBRIHE SR, # 1 mL B
¢ () DMEM # J5: ¥4 .

W R 045 F1 O45(Aler) 4l T b3 U R 3
FRFRUF B2 Vero AR AR, [RIEH N LB 1 A %) B,
JnAEREHZ 200, 100, 50, 10, 6. 3. 1, 0.2 L 1% 8
AR EMR GBI . ARG TE 37°C ., 5% CO, MR T 1
7%, 24 h J5 IR AN A T 28 A A KA L
1.2.6  O45(Aler) X1/ PRI HT 414 S5 52

W 24 R/ N BENL - 4 4, B4l 6 Ko 18
FER AT, 5 1. 2. 3 B HUNEIE 2.5 mg/kg 18
WEEST 22 530%5 % C (Mitomycin C), 55 4 AT,
551 /N R R 045(Aler), 55 2 /R S 1
il 045, FERFIEHR N 4x10° CFU/ R, 45 3 44 4 ]
2R RN, 5 4 AR RS AR, I
TE 4 4/ BB RO Hh BRI A 25 WE 1 1R 28 29k 13 Ry
50 pg/mL, WE/INERAEKAE L. FXTEE 1 AL scmndl
55 2 AL BEAE X R E RS UEA T AL U B A
1.2.7  O45(Aler) [ FEHT 8 5 7 RE (R I1E L 57

FUR R MAE R B RCE A E L 30 g)dr
W2, 512030 2, FH O45(Aler)ZHE B B f gk,
BN 10'°CFU/H, 7 d R 5 RIRFRE,
o7 dEhnsR s B2 4120 K, 555 1 4R
Ty A A= BRER AKHE B 5 A%t BREH o BRI AR 1 3L
R, AI3E L R B2 R AR IR BTR . FIR 045
SREEVRAT 7 H IR FL BT R, MR
5x10° CFU/H, W Fic s f L BUAER BB, PR Bt
SRR .

LG EEERT 30 d IRZEEERE 10 k20 2
H, T 5%, 551 H 045(Aler)ZFEBILIA T 5t
BERP I, el 4x10° CFU/ R, 14 d J5 5 hnse
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HagiE; B 2 55 1 AR Ry SO A PR K
JEAE X MR o BESE i AR B FLSE, AT E e I
REFURAFREIRGUA . A 045 SRAEHRXS 10 H iRy
FUAEBEATHE E MO, WA 10" CFU/R, F&
B SR A 14 d, FFICFRFUEAE RN O, PR Hsh
RPERCR

2 #X

2.1 EHEEH 045(Alen)IHIE 5 iF ik

L PEPEC 045 et fi iR, F PCR 4§71 ler
JEIRI W3 736 bp Al 745 bp MY B, SRS uL
PCR W HEAT 1% IS SRR vk, 43 54 50 T 9 1
B ), 5P A BRIEMSFS

1 2 M

1 PEPEC O45 ler BEERAAE FERMiEB%R

Fig. 1 Amplification of two arm fragments of /er gene for
PEPEC by PCR. 1: 745 bp of specific bands corresponding to
left right arm; 2: 736 bp of specific bands corresponding to left
arm; 3: DNA marker DL2000.

2.2 ler 279 bp FREAEFE Ay 18

Wil s ¥at, 519 Primer g 5 Primer h # 5'¥5
Wit T —B¢ 18 bp W HAMNT 4, FH UL, PCRY K ler
SR 22 A7 R I B e AR R K R A —BOF 4 Al LA B
BoxF, TN, PEFT PCR 71, B 5 uL PCR =¥
AT 1%IEEREBERS B UK, 153 T 1463 bp 1Y Aler filt
JHEH R Be(F 2), S0 BAERE A .
2.3 Aler REERIEERFFINE

HY IS Aler B R pGEM-T #4k |,
AU VBRI 20N 7 5 R DUt Pk s 1, AT
PCR %7, JHHREUTOR A TEFYI 4, PCR Y #1
BRI 7= W AT 1% Ne B A FL TR, 45 SR 1 5 il Je i
TR /NHAF (1 3), 25 R 55 GenBank F #7715
HIFA—8, MR 4 A pGEM-T::Aler
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1463 bp

2 PEPEC 045 ler 279 bp 55K F ER RO 184 R

Fig. 2 Amplification of /er 279 bp deleted gene fragment for
PEPEC by PCR. M: DNA marker DL2000; 1: /er 279 bp deleted
gene fragment.

bp

1463

3 ELEFREK pGEM-T::Aler BIESTI L EF PCR £
Fig. 3 Identification of recombinant plasmid pGEM-T::Aler
by PCR and enzyme digestion. M: DNA marker DL2000;
1: amplification products by PCR with Primer d and Boed 751;
2: amplification products by PCR with Primer f and Primer i; 3:
digested plasmid pGEM-T::Aler with Sac 1 and Xba 1.

24 EAler REEBRMEHRAMWEREK
MR A FE 4 TR pGEM-T:: Aler H Y]
Bl Aler | Bt EH:3) H AR pCVD442, AL 3|
SM10pir. MEEALF-AR EBRECAAN P& UEF T PCR 2
FE, FHREUTURLUESTRED) %, PCR =AY
P TR, S5 RIS U R/MHTE (B 4), BB
¥k SM10(pCVD442:: Aler)Fa 2 TF 1 .
2.5 EBEERE 045(AlenBIFIE 5 L E
MBS B A /9 LB(100 ug/mL Amp, 50 pg/mL
Nal) g VA b HRHCRA TR 3% 1519 Primer £
Boed 751 #47 PCR %5, MHiik ler BLP — A%
KT PR, B PCR Y1 ler LR AEH B 2 457417, 4300 K
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Ptk b0 ler BEEFIBURL EIY Aler 2 (K 5), B
Bl [ & 5B pCVD442::Aler T 38 32 % 5 JF AT bk
045 B I kA 44 8 045(pCVD442::Aler).

M 1 M 2 3

4 BEFEFEK pCVD442::Aler I E

Fig. 4 Identification of suicide plasmid pCVD442::Aler. M:
DNA marker DL2000; 1: digested plasmid pCVD442::Aler with
Sac 1 and Xba I; 2: amplification products by PCR with Primer f
and Primer I; 3: amplification products by PCR with Primer d
and Boed 751.

5 HEFE K 045(pCVD442::Aler)B PCR ffik

Fig. 5 Screening of the transducted strains by PCR with
primer f and Boed 715. M: DNA marker DL2000; 1-4: PCR
products of the negative strains; 5: PCR products of the positive
strains; 6, 7: PCR products of the negative strains.

HE1%) Primer f Al Boed 751 X FH M i 5 (1
Nal®, Amp® (IR FREFT PCR %5, Hhik HAED 1 i
—7k Aer 57 BIRTER(E 6), WWIILERE Aler
A AR RR, JF HE RZK A RER, BRJLEAK B
ler FFESFR FAY Aler FBGE M [RTRE A &4
Toac e, JF BRI 2O I R &R, L Ak AP
045(Aler). VAFSEER) O45(Aler) Y Ok Jtsitl, FH5
¥ Boed751 #1 Primer d ¥ 3% Aler £:[R F BE, 4lifb[n]
W fEik K& TaKaRa 28wl )7, 4585 Wi pg 25 21
—EH(E 7. 8), UESEFTH RN ler FEREA T
279 bp HIRIIE .

E 6 O045(Aler)PCR £EHER

Fig. 6 Identification results of O45(Aler) by PCR. 1: PCR
products of 045 (Aler); 2: PCR products of 045 (pCVD442::
Aler); 3: PCR products of 045 (Nal®); 4: PCR products of 045;
M: DNA marker DL2000.

2.6 045(AleniEsF £7EXT Vero ARSI

FH 8 AN FE B 1) 045 Fil 045(Aler) 1537 F i 1E
TREFRI Vero 40, JHMH LB 1E xR, 250 045
H 8 NIRRT (B 0.2 WD) A A E H B AR, 4i it
AR, & . O45(Aler)Fl LB Xf IR 8 /N HkE & (5 Kk
200 pL) A2 B 25 K A K I IE R (B 7).

7 045 71 045(Alen) 5 £ BT Vero AR F LI
Fig. 7 The toxigenicity of O45 and its ler deletion mutant
culture supernatants to Vero cell. (A) Vero cell adding culture
supernatants of 045 (Aler). (B) Vero cell adding culture
supernatants of 045.

2.7 O45(Alenxd/NRZ &ML

SE RPN 22 24585 R CAb A /N A B AR e,
PERNEF AR 045 (Xt IR AL/ B B W e, IF T
4 d N6 H/NRETBIET . HMh 045(Aler)H 52540
NERAERIEH, HAKTE 5 ] 22 248 2 A0 B A i) % i
H/NR—E(F 8)

XFHRZASE T /NN SE B 4/ 14 d JEHR,
Xof BEZE BB T /)N BCHARS: m D il U 2 T R T AR I . A
I FEAEE (AR 2 | RIS, SRR Ak, B AN K
WO, i TE SO B AR AL AR B B S A /N BRI A
25 MR AR B A B o PR AR AL
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——045(Aler) —=—045 Control

22 r

Mitomycin C

20 +

Weight (g)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after treatment (d)

8 NREEMIKAEHRL

Fig. 8 The weight curves of mice inoculated with bacteria cultures.

ML PG A LR ILE 9. T IL, X AEALTF2
MERERAL, REN/ N A S5 BT 20 5 Ak
ZLEURE, ST REBURAS P, E A3 A e i <
BR, A M A B R T e m— N, B R A K I
PECBREEAR); BiPRAIL . Ha, PEA KM, il BE
20 4 e K, A R LA, R
TR PRI SO A B AT L O ST Y K B AT
P ZE I, AR bR R AR I AR P A IR
HA SRR, ARG 2, i WA R
Sy, TR TR AR M S0 AT AR 4
P o g e AU A v BE 6 A 1M A8 R RE e L, A JE 5
Wy RS SR, BRI HE A

9 MERAGFEM 045)FLILAGEM 045(Aler))/ MR LA
ARBFTH

Fig. 9 Mice tissue pathological lesions of control group
(experimentally inoculated with 045) and test group
(experimentally inoculated with O45(Aler)). (A) Hepatic tissue
section of test group. (B) Lung tissue section of test group.
(C) Intestinal tissue section of test group. (D) Hepatic tissue
section of control group. (E) Lung tissue section of control
group. (F) Intestinal tissue section of control group.
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2.8 Ek O45(Alen) %% & R X 7L R B9 3 fe iz
RIP ML

FH 045 s EEbkEXT 7 H i FL RIS, 3~6 d N
LR BIAET . O45(Aler) TR Ak T 58 41 B BT A 2L B
200 H, FET-40 H, FLEAFIE 3 80%; KA Xf it
AR AEZLR 160 1, BT 136 H, FLEAAE R K
15%. Ui H O45(Aler)F K Sy B BUG FL FGE 1 1 i
BEZLARAT T R AT 18 sh Sy P4 1R

F 045 s #E kxS 10 HIRFLIE IS, 5~8 d N
Riligk M BAET . O45(Aler) i P Ty 41 B3 P A= FL M
60 3k, FET 15 3k, FUREAEIE R 75%:; KR APEXS B
AT RS 50 H, FETS 40 Sk, FUBAATE RN
10%. VLI O45(Aler) IR S di BERE o ZL A% 18 28 W i
BEZLT I ARAS T R AT 1w sh S (R4 1
3 itk

1 SO T K FT 1 PEPEC 045 JB & 5 i I 4%
b & B — A L AR R AL Y4, X PEPEC 045
LB G AN U S AE ZIRTT, oMb R
TR 25 R 2 AR 04 7 A R R, &5
EH N E A S R, X PEPEC 045 B9y LT
Bk 3o UTAER, [N 3 AR R OE T S I BOR
KIAAT 5 (Pig enteropathogenic E. coli, PEPEC)AY
FURE T AN SE T AR PAL R, JREUE T — 2 A AR
H, ARl 2% RO AN AR TR UE, R s )
=48 PEPEC BE K T R25% i W53 . A58 DL PEPEC
045 i R # Bk, WFE PEPEC 045 353595 /i, T
Tipi PEPEC By iz 50 HWFH o 5, A3 E
TR R I IR TS BT iR, KA R 1 3 5208
1, 1K B AT UL 28 B s 35 R 5 k2 o i
LA Sy At 21 49 9% B 6 BIF o 582 148 19 vk A R
PRk

PEPEC 045 fix #5135 J) FFIEZ — il & RETE 2%
e N b Bz 4TS iR AE R ) AVE B4, i ad
I BORME KA B EPEC BURMLER BB 5T & B 4 5
AVE 5145 () e 2 R T Y (4 Y LEE 20k 5
W, T R A TSR R BRRE S R AJE B A
W20, 55 EHEC. EPEC #1 RDEC-1 4, #R#:
A LEE 80 & s L WP 4, 1 KmFFE K-12, 1F
W R KT M ETEC ZH AR B4 . %} EPEC
LEE BU% 5 % 4 77 9 3547 th 384y #r, &3 EPEC
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LEE 205 & Bt & BT 41 A JF 0 B2 HE (ORF),
Elliott Z:4/F5¢ T EPEC (1) LEE 5 3£ ler BT HL
#il, 25 LW ler ¥ EPEC *1 LEE 0 5 i £k A7
A IETH AP ler X5 1T BU20 IR R S5, ik
FEEM, Tir AE%E R (ntimin) A9 4w 6% 5 K B4 E#H
WEH, BRXTEN T LEE 80K 5 F iy HAL—L 5
A/E UG ASHH S HL H (rorf2 . orfl0., rorfl0. orf19)
SR F) EEA RS, I ler J& EPEC # /1
N FZAEE ORI N . A5ORERM, ler
J& T H-NS (Histone-like nonstructural protein)i& 7
T ZES, I A0 i H-NS 05 R 7R BA R
ARPRES, EATEShREFNSEH F#R)E T DNA 454
H, H-NS EAMAES N 2 X NRuRRE
XA C-AKuiH) DNA 256 X, it XA HRiE,
H-NS #3xX 2 A~ X3k a] i — 2230 43, N-AK i X I
2 DX, HrEg— IR G (Loop )P I, N-
Uiy S 3 53— DI 4548 (Loop2) 5 C-AK i X Il A
i, loop2 J&— A& [ i UK 1 35 B2 K

v 25 2BV 14 B EPEC 0103 #1 RDEC-1
PRI ler DR, BLEIAGIEE T G 800 M K FF B 3 8 T
TRIEH, IEXTI ler JEPRIR 52 28 TR PR 1 AR KRS,
O PE N I S AT TS o G5 R AR ler BEIA
BRo AR bR T Xt LEE 8 7 RN RIE R, S
BOLBMREE ST 122K L 1 ler BRIk 28 bR AR HLE 5
i PR B T SRR IR L B e I 7 R B I 52
KA AR AR, PR s R AT R 58 4 Y
TP VER . X NABRFE AR AL T AFFE 7 SR AR B4R,
[l sty 356 PR TR 55 28 5 AT S B4R 1 ) S I
5 o

FL IR F R (Gene knockout) 2 7F 80 AL J5 - A 1
FH DNA [F] J5 55 20 it 2 Jo ke ke 1) — T TR He A o S5 A
BB AR X — AN TR LR, Y TP B
B, Rz AR B, ORI LA R R O, SRS X R
B B A AR A TR, 38 A bR A 28 Tk T A 5
PRI R A S REN O LR R RR AR B S 1)
ek R A S R B 2) I EE 4 A9 SR DNA 5 A
ZARANE T, FEZ RN, Bk ) DNA S5 &
YL AR | AYE IR DNA & A A5 H, 3)iik
KA T EAIEER TR SRR A
AL B ARG SR, (HZEHTAMNE DNA 51E E41
DNA 51 F 4R & A= [ B 4L RO HLR AR R %, Kk an

fu i 35 1 25 DR o 5% A 1 i T 4 R R — R TR K
BT AR

AFFER AT A AEEMA pCVD442 1E R E L4
FEDRERAA, 82T [ 5 2 AR B A R 045 TRRR Y ler
LR, HAek RIS T 279 bp (1 ler JEH A BH
AZ| pCVD442 Hr, FH4H Bk pCVD442::Aler 55 A
ZARE 045, H AR pCVDA442:Aler 15 045 Hhik
T RIRED, Fokr A ler B FEE A2 T 18 &
PR, mHBRER, HERNCERA T 8%
) ler JEDH, XEEASSCI TR R H TR RE, AR
SR Rk 045 1 X ANFE T3 ler ZEH R AT 279 bp
IR

ARSI P Y H R AR pCVD442, A &R
HERPUMEIEN | sacB LN | ROK & il #4540 5 A
RP4 FE[H, ROK & il i (7 »S 2 K T ndE A AR 4R
sk, nfEEREH pir JER P gAS, Bk A 5 ok
pCVD442 1f LIFEZ R SM10 FR 42 il; RP4 fES S
5 41 i $ 5 (Conjugation) 1M & A= Ji Rz 76 241 1 (8] B 5
R, TEART PR R RAN) ler FEHIEH A
pCVD442 )2 v B N, SR 5 14 A 1 kL
pCVD442:: Aler S AL Z K H SM10 1, i F1E 356
SMI10 e gmtdn s 11, A A ROK kL &2 il L i
PR TR pCVD442::Aler REMEHEFTE T, M TTBE
FETE E P SM10 PRUEAAE. T 045 MR LAeR
EHAR, PIEA BT SR P 4 B 1 e S 10 7 0 ok
pCVD442::Aler ¥ ASZIKTH 045, TEM6 FE I 045 W,
JOkL BRI ler FER S YR Y ler FEH 81 [F]
IR kA sc e, SR)E B AR E R, 1 R
e, Phik st R E UK FERE, F PCRIW ki T
YesE, B AT BT A ler 3 TR Bk 28 A8 TR Pk

Vero s HESCIGUFSE, 0.2 uL B AR 045 K
I LI BE MBS IR Vero ANRASIR, RIESET:, T
200 pL R ik 2 2 AR TR AR B 7% I AE T Vero 41,
Y AT BB IE H AR A, 310 BH T R 1 5 DR g 2K 28 A
WHREANHGENEN. ALRIEHET T 045 YL
BN RS, FH22 4% 28 C R ZE0E B B Ab P i /)
R 045 J5/NRIRE AR, JFTF 4 d N 6 /MR
SEERBET, IR KRB R AT, AEFE B L Al
F A28 B 3 I B i B AR Ak . #2280 045(Aler)
B/NRAERIE R, AR 51 2 24 2K 03 1 B
PEXTRRAL /N BUAE K — 3, R & RS 38 K 0L B B
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AR AL, ) R KA R WL B R B AR AL, X
Ut B T A 2 1) B DR 2K 2 AR TR AR O45(Aler) BT R
Gp e etk o FLRRFLIE Bl B e e (R A M S g R W
FHZ AR AT 0 S 2 B BRORBESG 5, L R LA 34l
3 o W A B L T AR A R A o Sl e B R VR
K A BIF 5T B A B B O45(Aler) K2 R i 2% 5875 55 #
BBk AT/ T Bl PEPEC 045 8L 158 Wi e vk ik, M
T ZMFH H 045 A3k T RE B B 3R A6 T S Ak His
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