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Abstract; The bacteria engineered to deliver plasmids or carry heterologous gene which were also called live
bacterial vector could stimulate the host’ s broad—based immune system by expressing heterologous antigen, while
still offering good levels of safety. The live bacterial vector vaccines which have become a trend in the development
of biological products industry are promising candidates for plague prevention and tumor immunotherapy. Genetic
technologies are evolving, which potentiate the development of the live bacterial vector vaccines. There is a brief
overview of the construction, characteristics and the research status of live bacterial vaccine vector.

Key words: live bacterial vector vaccine; immune response; research status

P B T FIAR AL e i B A RO R &80 PERIFSE I Z —
MHORTFB, R P v A T S e i 2Bk 1980 4 Schaffnerr #F57 & B SV40 DNA 7] L) &
R T KA AR E ANMSIYERRG, DNA Bl A0S B 7L sh W i X — & 30k 40
AN IR & 3 TR BE TSRS BT B TR AN R
FERBE T RGP A6, BRI E AR AR AR H 9 DNA Bk s Ok 4t
AR R RE H IR A TR R O AR Fr Bt A S 240 TR 5 R 41 SOk, 38 A Al T E

LN = DR T I e e 31 W SR =M VX GA B 7 D& s koo o2 0 o
EIRAEE: BBkZ ., E-mail; taozhen_jiang@ 163.com



pE 25 4R35 2019 4F 4 AR 53 4555 4 11

Chinese Journal of Veterinary Drug <73 -

SRIE R oz 2 MR A ML VRS B S, B30l
AT AR 5 g I 7 A A A8 98 I 28 IR, R —
SEA TR AN Vb 1] T L LR AT A A R 0 0 A
BT, A LA A 1R S N A R AR HEA T HE R T S
TR E AR 30O T3 g I I T R B T R e
WA T RARH ARG HAh e T ik
FERT , I TR TG AP B 0 A 7 AR 2R 7 A
B H R T2l 33t 2 3 A 240 TR T 2 AR 1 5T
AR B 22—
1 HAEESHREENHERKRIERZRZRES
T, 200 T 7% 2 A A i 1 X 2 25
Fofr | — oSz oK AP R DR R 5 B 40 B e AR Dy — il
SRR MR B S B Bk rp . Qe Bk 5 2
V20 T B A A 20 PRI 2 R o s 4 R E A R
B E AR AR IR IMNESUR B RIA & X R e 5 X
AT DRI IR R AR e v o —Fh oy U
AIMIE PR A A B A1 TR SORE ) 20 R BORL AR Rk
TR H BRSP4 e v, — i
T, E ) ) 20 A A T 0 3 3k A 1 PR DA i 3l
PTG T2 OB B R GERR R IR AR IR AR G, T
P ) 2 P 28 A 20 TR SR S TR A% 38 22 1 T2 4, F
T 3 20 A e 3 A5 ER DT B 1 = B8 S 1Y)
WA EERERE
1.1 EEXHXZSL EHRIEZEERG D, A
W B A MRS s R R R 2 A, SR
J AT DAKE 0B P9 A B, o mT A3 2o 3% 1T R 7R 53
FRYs AN AT Rk SRR T Rk
LR RS T R g2 I PR S O T PR, ZE BT Ik B
AT I 0% TCJTRE A BT Aot 85 A= K A AR 22 ) A S ik
ST BT R SR e o 2 LR Tk . BRIV R B
05 A R 2B AR 118 B T 20 R PR (485 7 1) SR g
NIRRT DAY e R & W5 1 A Rl ik A
UG To EHAREmE T, 1 4n 55 2 R 4 58 1
TR Y asd A St B - U , %A S
FETR 1A A O, AT T 20 i RE 15 1, PRIt
FEERAN T asd &R A, M EES A Y asd LA Y
JEORL , SXAEAE T 14 1A B A% FE VD 1] I T 3 #8485 iy

TR BN IREE R e P R AR R

B YRR BRI R IR 5 T R0
IV B 5B 15, Hohmann & 3R 41 & %L 3 1
PR BT FE VD 1] [C T 20k AR R R K P 1 R ik
SBR[ F3R M PLIF A BE I 57 A SR 08 1) G g
PRI M5 2R BT Ppage (o 40 B B W 240 i A7
Wit J A AT Rk KU, 5 T A R Y S Ik
P AR R R R B AR R A R
SEAMEGTR T BN T 20 B A 0 RS T
PEJFLE DRI ) FEE 1 40 P 174 R O IO 2 T )
Ap AT BB IS MR TR 1) 235 B T 7 40 B A A A
s R o N A I e KA FR AMBBLIR S |

2B 436 R B8 R 2 T SR s 2 e Tz A
PRI R AR F-BE . Kang F1 Curtiss K ili 98 7 55 11 18
PspA FER 5 VP TR B-lactamase 153 WA 7 5 2
B T AT IS PspA VDT ERBE 6 2R A58 1
IR S A PR 38 LE AR A3 T PspA 14 T PR o
1A AT 2% T R i 2 2 P9 4 v A
VRAE 11 235 TN P 2R 1 B AR BT I 5L R 5 g 41
R B LD AN OmpA |, LamB Bl 4, 77 AR R &
P4 57 7 40 i RS A1 0 385 8 s LA S e 2, U
AN, K 5 G 8 IS Y — 6 240 DX R SR B S
eI P4 = 4 A A S SR
12 EHERF ARG HARBEWEEMETA
i 200 B F A A, ORI B Y, R
F18) A 3EE 1o A 200 i 1 7 S R RR IR AL ) 2R 38 H 1
EHIBM P8, IR = A S S
RN TR AR RE T B VE FHPLEE S L DNA 21, 1
SR T DNA R HERP R, Sl i 22 | ok A=
T2 IRA A g A e O T L2 A TS AR A AT L
SEVER TR L S AN A, i T, 5t DNA %
R A S e (4t . R ZE T IR
PR R B PG A 7 B A i 4 FCF I S 2 T DU
oA A % A TR i B By, (13 H
R R Ak, 308 2 240 BT 2 A 3 i AR (4 AL R o A 5T
THAE I AT RES A0 R et e

20 AT A UL — P P L A% 3R 3 HE R 2R A



<74 - rpE 2 23R 2019 4F 4 A5 53 4555 4 1Y)

Chinese Journal of Veterinary Drug

PSR 2, B MEAL T B F L 2 s BE A A
5°UTRAI Poly A ;B 48405 & Hil i i 47 58 O ik
ES /R IR R avnse S P B B B UK o
LA RIS HE TT A RN 7 280 M4 1 B2 ok £ 2 oL 1) A2
EVERZE et Y BRI RGP BB 40
LN ERCERIA R 3h 1R E 2B OCEZMEN],
CMV ,SV40 FlEL H I 95 9 75 I 2 F A A% R IR H
MRS T, Zhi-Li Xu fF55 & B CMV 8458 1 13
BT HEA intron A f9 5 UTR BE AT LAAE A P Fl
RIS T 3 K7 1 26 B R85 Garg A 58 & K
CMV 38+ 5 B-actin Ji 3+, WPRE ol Bc G
A AR B FReR IR =K1Y HA 1B A
SEREUA AR RN — S R Bh T RE
ARFRBHURFE |, Kos F F 5 8576 K Bk 40
M SRR L1201  KIBATH Ori ColEL 1E N
pUC ZARAY OriV , . — ELJ& DNA % i i 45 7 5 1)
KL, W] DU OB AE IR N AT 500~ 700 F$5 D1
KU Poly A X3 R 2 3k A AR K 1 B2 i,
DNA %2 B % i i Poly A J¥ 5 4045 SV40, %
B-globin A=A KL E 1Y Poly A 517 i Tfiff
FAPUHE SRR e B pr T Be S R B L A Y
PR AT 5 00k R B B BRI 24 4 45 B )
(MEA) A RE BT A FR P R LA AM 4 b s S
e BEAIAE W22 4 KU, I A 75 SR M bk
R -VIFEE RS, RNA FRICH ORT RERH T8
YA RPUHEbREIER S T Rcar st
2 AEFEHEEEHHARIEE

T EARZE IR A A 250, i
ITIGR ™ B A 2R AT 8 FLRR P LA H R [
FE Rl R 25 FLAT TR 55, R 3 2 A ) At 110 22 i
RS O A PRI B B, b T H %% I
FRRTEE I 35 EVTL F 35 SP70 1Y AR 1,
T FLRR AT B L B ™ B A0 M 2% [CAT B R iR N
FLBR T E7 AR SO T — G
IREEE
2.1 WITRWEREKEY  UWITIRE AR A
TR JE T2 IR B, PR T 5l o 2 e AR

s TR A T A s B0 , B H i s i %
A AR 2 — . JEEVD T ] I B A S 06 AR AT,
1Al s s v AR R A T G e, W ik 1 AR R e e
H bt I 2 s 1 B B ORI % B e
RN, 5T LR A g RO, Xu i) I A 5
WIGF A FE VT IR A 2 A AR5 8] T Ty21a il
TR SRR A T SRR B E 0-Ps 12K
PRPE B, P 1 T8 o B R P9 /N BRUS RT3
POl B & BB 1gG, W R /D BUAE IR R 3k
100% """, %R v B A PR AT 52 %2 5 Bumann £
Ty21a BRI T FRIB MG LA OprF—Oprl (2L
PRPFET , NI Rl o s 80 i ) Az 3] 2 7K S
PU4R £ S B Y TG Fl TgA ™ 120 i B kA —
WG RIZE 5 Aebischer FI ] Ty21a #RAGHE T ik
I TIEAFF BT R R B A RE B S8 i O IRERN S 69%
REF ARG IR SR B T A, iR B A —
WG RS EE P

TE A A0 TG A RIS Y T T IR A F
FIe) ZIRAN,, EWNEHERET 28T 3
W E s 10 B 0 U0 1 RS AR . BREILR R T
Tk R SEF14 T T 04 5 20 6 7 & 15 98
TP TIGTE SGIR (pYA3342—sef) , X 28 W YR Ao 28 )5 ]
R 3 5 AKCF 1 1gG , BT S fo e 4 XS A 4T A8 1
FAR T B S SR YR % B (DEV)
gB/NP28JE K4 A BI| FLA% 238 BT peDNA3. 1 J5 7%
FEEN VD TR B, IR S e 4 ), FH i o il
ATRAL 75% DL ARG R A T Rk TE
B 43 ka ES FEH P EAIE VTR, O ARG
/N BRI T I FUE R R R L 45 3 B, 7 A 3
KT BT AR A B R, BORE S e /N BRUR Y i
SELIE S ETE 2 U
22 IBEEHKRE FLREE-FMIEBUR
B Tz TR Dl 2 HRTIAC fe A 0 A T
PRz —, VFZWIIRPIZLRR KT 7T DL DNA Ji
K% B fm AN A B ST ARGE  F 4 B
R PR AR A A5G A B 0™
MR ICFF R N LB A R A B ZLRR A 1Y



pE 25 4R35 2019 4F 4 AR 53 4555 4 11

Chinese Journal of Veterinary Drug =75 -

SRS, P80 H X 1 3 40 ) 4= 2 k0| TR
A4 B A% DNA IRE T eAh, A B 5e 3R W)
FEALF ) FL R A A R S R A TS A A
AR SO 7 Adachi SR T g FLERFT
WIS HPV E7 88 H 0 4804052 v i 1 I
B PRI IR 38 428 A i /0N B R P e 2K e A R
ELISPOT % H AR AT /30T, & BRI 555 7 A A U
Rt 28 b 22 Ramasamy #1] F ZL B2 71 BR 15 #4)
Y B M R MSA2 (R 2R A8 1, i R
SRR GG, FIFH TFA A6 DU B4 %501 G i
SR, e EIR LT A B AR OK S
FLIR TR 76 1A P4 2 AP [ 4080, TEik i R R e R e 1
e LR, SERAIFTEAS J2 46 ) R 1) 24 25 2L R TR 0
AR IR AR
3R E

WA UE A AR ST, A0 TE E BAE 1 B4R
19T —E MR B/ 22 20 P 282 v B Bkl
PRARIAE A 5%, EAb, 40 0 15 241 g DNA %8
B R v S A B R T R RS A
DB U1 T TG TR A5 i T8 DA T Ji i 1 A 2 R 4
L W20 A R ) 1, AT DA A 3 R0 A 1
FETE AR )12 B S e R 24 TR) et 240 B 2 A
S B A3 0 24 T B TR 1 Bl 22 R AR 2% [ BH
AT P I B2 R T 808 R TOBTLAAS 7™ A A P 240 B IR -,
ZRAIEFVINER 75 7 A R I B B 2

TR AR A B AR E T I ) P K T
AL FE AN 1T — A G ] ol G R T R A AL
(R G CRAP  FE DR IR G2 A% T 14 ] B G 418 3 37 482
PRI EE s 53— J7 T2 I AN FH A 2 &bk
X AV AR 1 2 Al R 75 1R 5 v] REXTH 1 32 1
LA AEE B A 3, 40 B R 245 M 1) 2 3 T AR XU 45 )
Y ST AR R ] BROARAR 2 A1 T T
AR T T HE G RIS B, (HR AR
T o A A T T e i PRIt O B 5 3 ) A
PRI 2, P e 2 Y 3R IB R GG, B 1) e 93
TREWE 24 J AT R b P IO P 1 200 TR T 28 A 1 F
FERH ST 1]

S

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[(11]

[12]

[13]

[14]

Schaffner W. Direct transfer of cloned genes from bacteria to mam-
malian cells[ J]. C R Acad Sci USA, 1980, 77 2163-2167.
Da Silva A J, Zangirolami T C, Novo—Mansur, et al. Live bacte-
rial vaccine vectors: An overview[ J |. Braz | Microbiol, 2014,
45, 1117-1129.

Husseiny M I, Curtiss R. Evalution of Salmonella live vaccines
with chromosomal expression cassettes for translocated fusion
proteins[ J]. Vaccine, 2009, 27, 3780-3787.

Celec P. Gene therapy using bacterial vectors[ J]. Front Biosci,
2017, 22, 4473.

Chengchao D, Junfei M, Qingli D, et al. Live bacterial vaccine
vector and delivery strategies of heterologous antigen: A review
[J]. Immunology Letters, 2018, 197 70-77.

Galan J E, Nakayama K, Curtiss R, et al. Cloning and characteri-
zation of the asd gene of Salmonella typhimurium: Use in stable
maintenance of recombinant plasmids in Salmonella vaccine
strains[ J]. Gene, 1990, 94. 29-35.

Hohmann E L, Oletta C A, Loomis W P, et al. Macrophage—
inducible expression of a model antigen in Salmonella typhimurium
enhances immunogenicity[ J ]. Proc Natl Acad Sci USA, 1995,
92 2904-2908.

Wang S, Li Y, Shi H, et al. Comparison of a regulated delayed
antigen synthesis system with in wvivo — inducible promoters for
antigen delivery by live attenuated Salmonella vaccine[ J]. Infect
Immun, 2011, 79 937-949.

Kang H'Y, Curtiss R. Immune responses dependent on antigen
recominant attenuated Salmonella

location in typhimurium

vaccines following oral immunization [ J ]. FEMS Immunol Med
Microbiol, 2003, 37 99-104.

Becker P D, Noerder M, Guzman C A. Genetic immunization ;
Bacteria as DNA vaccine delivery vehicles[ J]. Human Vaccine,
2016, 4(3) : 189-202.

Hoebe K, Janssen E, Beurler B. The interface between innate
and adaptive immunity[ J]. Nar Immunol, 2004, 5. 971-974.
Williams J. Vector Design for improved DNA vaccine efficacy,
safety and production[ J]. Vaccines, 2013, 1; 225-249.
Zhi-Li Xu, Mizuguchi H, Ishii—-Watabe A, et al. Optimization of
transcriptional regulatory elements for constructing plasmid vectors
[J]. Gene, 2001, 272 149-156.

Garg S, Tesic N, Kamensek U, et al. The hybrid cytomegalovirus
enhancer/ chicken beta — actin promoter along with wood chuck

hepatitis virus posttranscriptional regulatory element enhances the



- 76 -

25 45 2019 4F 4 A4 53 %455 4 1

Chinese Journal of Veterinary Drug

[15]

[19]

[21]

[22]

[23]

[24]

protective efficacy of DNA vaccines[ J]. Immunol, 2004, 173,
550-558.

Kos S, Tesic N, Kamansek U, et al. Improved specificity of gene
electrotransfer to skin using pDNA Under the control of collagen
tissue—specific promoter[ J]. Membr Biol, 2015, 248 919-928.
Montgomery D L, Prather K J. Design of palsmid DNA constructs
for vaccines[ J]. Methods Mol Med, 2006, 127 11-22.

Ertl P F, Thomsen L L. Technical issues in construction of nucleic
acid vaccines[ J]. Methods, 2003, 31: 199-206.

Vandermeulen G, Marie C, Scherman D, et al. New generation of
plasmid backbones devoid of antibiotic resistance marker for gene
therapy trails[ J]. Mol Ther, 2011, 19 1942-1949.

Xu D Q, Cisar J O, Osorio M, et al. Corelinked LPS expression
of Shigella dysenteriae serotype 1 O—antigen in live Salmonella
typhi vaccine vector Ty2la: Preclinical evidence of immuno-
genicity and protection[ J]. Vaccine, 2007, 25: 6167-6175.
Bumann D, Berhre C, Behre K, et al. Systemic, nasal and oral
live vaccines against Pseudomonas aeruginosa: a clinical trial of
immunogenicity in lower airways of human volunterrs[ J ]. Vaccine,
2010, 28. 707-713.

Aebischer T, Bumann D, Epple H J, et al. Correlation of T cell
response and bacterial clearance in human volunterrs challenged
with Helicobacter pylori revealed by randomised controlled vacci-
nation with Ty21la—based Salmonella vaccines[ J]. Gut, 2008,
57 1065-1072.

W B, R RE . RIAGR DT R E SEF14 BT M #F
X PRFEYD 1] I PR F AL W A e R S e R W E [ D] M
K,

Chen K, Meng X, Zhu G Q. Construction and immunoprotein

2017 1-71.

evalutiaon of orally attenuated recombinant Salmonella gallinarum
vaccine expressing SEF14 fimbriae of Salmonella enteritidis[ D] .

Yangzhou University, 2017 1-71.

WEIEOE 2% s v B 4 A DEV-gB/NP28 EAH B AP ]
FRTR 175 5 1) G887 220 A 5 [0 ] v o0 00 7 45 P 2 4, 2018,
4. 330-335.

Xian S M, Li T, FengJ, et al. Study on the immune response of
ducks induced by recombinant attenuated Salmonella carrying
DEV-¢B/NP28 [ J]. Chinese Journal of Preventive Veterinary

Medicine, 2018, 4. 330-335.
TR, k. 5EE 2 ES HUF 43ke FEH EHWH DT

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

B B H A AP ORI [ D]
1-47.

bl ko, 2017:

Wang J Y, Yang G L. Construction of attenuated Salmonella
typhimurium expressing Trichinella spiralis ES antigen 43ku
gene and its evalution of immune protective effects[ D]. Northeast
Agricultural University, 2017 1-47.

Chatel J] M, Pothelune L, Ah—Leung, et al. In vivo transfer of
plasmid from food—grade transiting Lactococct to murine epithelial
cells[ J]. Gene Ther, 2008, 15: 1184-1190.

Valentina Yurina. Live bacterial vectors— A promising DNA
vaccine delivery system[ J]. Med Sci, 2018, 6(27) : 1-
Perdigon G, de Macias M E, Alvarez S, et al. Systemic augmen-
tation of the immune response in mice by feeding fermented milks
with Lactobacillus casei and Lactobalillus acidophilus[J]. Tmmu-
nology, 1988, 63. 17-23.

Adachi K, Kawana K, Yokoyama T, et al. Oral immunization
with a Lactobacillus casei vaccine expressing human papillomavirus
(HPV) type 16 E7 is an effective strategy to induce mucosal
cyctotoxic lymphocytes against HPV16 E7[]J]. Vaccine, 2010,
28. 2810-2817.

Ramasamy R, Yasawadena S, Zomer A, et al. Inmunogenicity of
a malaria parasite antigen displayed by Lactococcus lactis in oral
immunisations[ J]. Vaccine, 2006, 24 3900-3908.

HOEENG, F LT KT, A FLIRR TR SR v O R
[J]. HEZFEHEEE, 2014, 41(9) : 258-264.

Cao H P, Wang H N, Zhang A Y, et al. Research progress of
lactic acid bacteria as live vaccine vehicle [ J]. China Animal
Husbandry & Veterinary Medicine, 2014, 41(9) ;. 258-264.
Mohaed T S, Stevceva L, Agwale S, et al. Recent advances with
recombinant bacterial vaccine vectors [ J ]. Molecular Medicine
Today, 2000, 6. 66-71.

Janeway C A, Medzhitov R. Innate immune recognition[ J]. Annu
Rev Immunol, 2002, 20, 197-216.

Medina E, Guzman C A. Use of live bacterial vaccine vectors for
antigen delivery; Potential and limitations[ J]. Vaccine, 2001,
19 1573-1580.

Ivan Y C, HaoVan T T, Smooker P. Live—attenuated bacterial
vectors; Tools for vaccine and therapeutic agent delivery [ J].

2015, 3: 940-972.

Vaccines,

(% 8]/:.FXF)



