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[Abstract]  Objective Genetic construction of tuberculosis vaccine candidates based on Listeria (L.)
monocytogenes, L. ivanovii, and evaluation their protein expression, in order to provide a novel method for research
on tuberculosis controlling. Methods  Two kinds of gene cassettes carrying tuberculosis antigen encoding gene
Rv3875 or Rv0129c were inserted into targeting vector harboring L. monocytogenes, L. ivanovii homologous
sequences via genetic connection methods and plasmid transformation technology in vitro. Targeting plasmids were
electroporated into L. monocytogenes, L. ivanovii, and the recombinant strains were experienced serial passage at
42 °C and 30 °C. Subsequently, the tuberculosis antigen gene cassettes in targeting plasmids were integrated into L.
monocytogenes and L. ivanovii attenuated strain (knocking out of virulence gene actA and plcB) and L. ivanovii
wild type strain by homologous recombination and gene targeting technology. The recombinant strains were screened
by blue-white spot and antibiotic resistance test; the intracellular and extracellular proteins of the recombinant
strains were tested by Western blot. Results Five recombination strains carried antigen gene cassette were
constructed, and the recombinant genome were confirmed by PCR and sequencing. No erythromycin resistance gene
was found in 5 strains, which was coincident to expection. Recombination strains L+Rv0129¢, LiAactApleB-
Rv0129¢ and Li-AactAplcB-Rv3875 expressed Mycobacterium tuberculosis antigenic protein, Ag85C or ESAT-6, as
expected. But L. monocytogenes strains did not express proper antigenic protein. Conclusion Three novel L.
ivanovii-based tuberculosis vaccine candicates, carrying Mycobacterium tuberculosis Rv0129¢ antigen gene cassette
(coding for Ag85C) or Rv3875 gene cassette (coding for ESAT-6), and expressing relevant antigenic proteins have

been successfully selected.
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MTB) (47 1 Bt B £ I Rv0129¢ . Rv3875 43 Bl 4
i Ag85C ESAT-6 & I . E A1/ 45 A% 70 BUFF 1 B 10
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FEEEAEN .

ARWF 5T LLW B RO 24 W 4R W (Listeria
monocytogenes, LM) | #43 F 25 W %% B ( Listeria
ivanovii » L1) P TR R S 105 T8 430 14 1) 0 405 A% 2 vl e
TEAR . AR R AT R A R B MTB R4 Pt
JE 3 P (Rv0129¢, Ru3875) 4¢ Hl 4 & #I Ml b T
actA.pleB F ) LM Y8 kR LT 98 3 ok M LT B
Ak IF B e H TR R AL
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1.1 SEIH#

1.1.1  JF#H  pCWI82, KJE R 12 118 bp, &
LM [& 98 % 5 mpl Fl or fBALdh \lacZ JT 5 B i &
R PE Ak Campicillin,  Amp) 5 P, 410 40 % &R
(erythromycin, Ery) B ., X Not 1 g V) {7 5 ;
pCW304, K BE 49 898 bp, 5§ Li-lacZ 4 Wi B [a] I
FE 5 Cor fXYZ Flor fBALdR) 9 B 6] Y7 51 22 18] 47
—A~ Rv0129¢ % % J7 51 3 P &, Hoddi A 7 ) ok
or fBAldh—or fXYZ J5 ], i Amp £, PT Ery £
LB Noz | B VI AL 5 pPCW305, KBSl 9 552 bp,
5 LilacZ HWERIETF 5] Cmpl F1 or fBALdR) ,
BIRIE 7 50 Z 1814 — A~ Ro0129¢ 4 i )7 41) i I &
HAHi A J7 18] 9 mpl—or fBALdR T3 [a], HiL Amp FE
BT Ery B2, 3 Nor | B YIA7 5 pPCW307, K B
18 955 bp, 5 Li-lacZ 45 Wi B [F I8 ¥ 51 (mpl
or fBALdh) . 7 Bt [A] I )7 51 Z [A] 47 — 4~ Rv3875 4
i 7 5 e R & JL3d A 5 10 i mpl—>or fBALdh J5
Ml 5T Amp FEH L HT Ery FEH L X Noz 1l DI A5
DA JT0RE 38 SRy A R 2 A e

1.1.2 #H#  TOPLO B2 5400, W B R A 4
H YR A BR A ) s Lm-AactApleB-lacZ . &4 lacZ
L, O PR actA F pleB K& DA A B 15 2% 17 R R
LilacZ s % A lacZ 3B W 4% £ 22 07 ¢ W5 Lio
AactApleB-lacZ . A lacZ e, B mi B actA Hi
pleB BRI F MR . DL 2230 R 8 TR AR
PR A PR F 2

1.1.3 PCR 3|4 rLM-insert-{/r({.5-CAGTGT
GATGGATATCTGCAG-3", r: 5-CGACTTATC
ATTTTCCTAATCTATTC-3"), ¥ ¥ & Rv0129¢
8¢ Rv3875 Bt WL i L I & (LM 5 LT 3@ A,
Rv0129¢ :F &K 25 1 400 bp,Rv3875 A &K 4
800 bp; rLM-insert-f&.S-rLM-in-ldh-r ({; 5'-CAG
TGTGATGGATATCTGCAG-3, r: 5'-ACTGGC
GTTAACTTTATGAAAG-3"), ) pCW182 H
BEA AT R 5O b 3 R & A A [l i %  Rv0129¢ &
&K 25 1 600 bp, Ru3875 3L &K 25 1 000 bp;
rLi-insert-f& S-rLi-in-or fBAldh-r ( {; 5-CAGT
GTGATGGATATCTGCAG-3", r: 5-AATTAA
CGCACGTGAGGAAGC-3"), DL pCW304 Ny & 41
P T R e 3 PR 4 AN 1 97 326 - Rv0129¢ 3 P
BK 21600 bp; Ery-f/r-i(f: 5'-GTCGACGATTC
ACAAAAAATAGGC-3',r:5-ACTAGTCCCGGG
GCGAATTG-3") . ¢ 1¥i Ery 3B, £ 251 200 bp;
LmactA-f/r ({; 5'-GCTATAAATGAAGAGGC
TTCAGG-3', r:5'-CTCTTAAATCAGCTAGGCG
ATC-3D) .93 LM 3 3 actAL K 25950 bp;
LiactA-f/r (f; 5-GAAGCTAAAAGTGCAAAT
GTCCC-3", r: 5-ATTTCTTTAATACTGCGTT
TGGGG-3D), ¥ # LI th & 1 W actA, K 4
600 bp;Lior fBAldh-{/r({:5'-GATTAAAGATTG
GTGATTTAAAG-3', r: 5-ACAAAAAACGG
AAATCAGTTAG-3"), " # LI v 4% H 1k 3
or fBAldh , K %) 1 000 bp; Lmor fBAldh-{/r-i-1 (f;
5'-CTTCGATGACAACA GCTGTACC-3', r:5'-
AATCCTAAAGCATGCGC CTTCG-3) ., 471 LM
TR RN or fBALdR, K25 1 000 bp,

S ZEFE Bl A TAEY TRA RA R A .
1.1.4 &M E  PCR {U(BIO-RAD) ; Hi 3k {Y
(BIO-RAD) ; i 7k = i #4018 i 8% 752 48 C 1 i BR 3 2=
Jrae i) ) s PAGE 3 F A VKA (b 508 B R 5 sk
BEHA B 7D s DYCZ-40D 55 #  Jk f (b 5 1l
NI s ChemiDoc XRS #E i 4% £ 45 (BIO-
RAD),
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Mini Kit I (200) & [H 507 & E. Z. No AL ™ Gel
Extraction Kit(200) (OMEGA bio-tek) ; 2= # fig 1k
K7 & . T, DNA Ligase(TaKaRa Biotechnology) ;
HA-B 50 B T /K. = 5 & i (TCA) (Sigma-
Aldrich) ; SDS-PAGE #E i Fic i 3 751 & AR i 44k
Y ARIC I TN R IgG(H A1) (8 = R AE YR
A BRA D 5 350k ST R A HCK 0. 104 (IR i
(Amersco); HRP fb 2% & 6 K ¥ B 6 ) W
(Thermo Fisher Scientific) ; PVDF i (Millipore 7
EARARD ;LB A7 55 3 (LB Broth) LB Bifig
(LB Agar) .0 =W B g (BHT Agar) | figi 0 352 1 3%
773 (BHI Broth) (U3 Bt £ R A BRTTAE A 7DD &
1.2 FHi%

1.2.1 ar¥pma#md 48R IR pCWI182,
pCW304, 535148 Not T SEATEGYI . 345 8 20 4844 5 42
s R pCW 305, pCW307, 431 4 Nor | #EATREY]
ARG E L & . pCW182 B 4 48 (4 R Ji i [
£ (Rv0219¢,Rv3875) . pCW304 & %8 2 44 A1 i Jit H
& (Ro01290) 18 T, B T 245 $l e 4
KIGFFE TOPL0 JEZ 54 M, i e Bt Amp 1 #% 1k
W A rLM-insert-f/r 5[ # %} PCR ¥ 4% , i i% FH
PEATHE TR .

LI rLM-insert-{&S-rLM-in-idh-r 3| ¥ %t %
PCR, I Dk pCW182 Jy i 42 % [H P T ¥& it KL
pCW182-Rv0129¢ (%4 5 H pCW701), pCW182-
Rv3875(4i 5 pCW702) B 4T J JE X & 4 A 1)
HE AT 0% 65 LA rLi-insert-f & S-rLi-in-or fBAldh-r
I W% PCR, XL pCW 304 8 48 1% BH 1 47 418 5
ki pCW304-Ro0129¢(Fi*5 2 pCW310) iy Bt Ji 5 (K]
A AT 1) AT
1.2.2 dr¥e it F i d  pCW310 B
b Li-lacZ; pCW305 K pCW307 4 5 5 4k Li-
AactApleB-lacZ ;pCW701 & pCW702 H 544k Lm-
AactApleB-lacZ , HEZH K 1 500 V, Frgeht
B 5 ms, BEEMHZE 1 mm. BHERESTERTFS
Ery(3 pg/mL) X-gal } IPTG B BHI F 4 (LI T
fa] F} BE;-X-1 A4 . 28 30 “CRE 5 48~72 h. fifi ik i
AN TR V% T - USRS ] rLM-insert-f/r 51 )
XFHEAT PCR LLBGIF 55 41 k2 5 C 5 A AR TR
1.2.3 RUREZA #5407 4T ¥ BUR Y 3 Ak 3% Fl BE, -
X-1FH 42 CAEARIE 37 2~ 3 AR Clg AR BE 55 1 18]
48 h) 43 5 Pk LA 7 Al b i 8 B TR Y % A BHIT Y
U FE R 30 °C 200 r/min AL 40K TR 6 A0 CREACL RS 37

R PEAT 10° A58 B 5 70 B 100 pL ¥4l BE,-X-1
M AA T Ery, # X-gal IPTG ) BHI AR (UL F
Al Fr BHI-X-T 400 . 30 ‘CHi 3%, PR & Ery
B 0 € TR 9 TR U8 3 40 TR B A L 5 % HE it
Ery S8 ¥R TR & cor fBALdh 1 BX UL M actA FE A
HEAT R

1.2.4 REREGHIE FARBA KRGS
"R A L PR R 3 6 TR 1 R AR R AR A o A T
PRA Gy W T B . T AR CPH PR T 5 4 Lon-
OVA; 5 % #H:. LiRv0129¢, Li-AactAplcB-
Rv0129¢. Li-AactAplcB-Rv3875, Lm-AactAplcB-
Rv0129¢.Lm-AactAplcB-Rv3875) %4 SDS-PAGE Hi,
UK LAPT HA-/NR TeG B v BT iR Sy — Bt , AR i
AALYIIERIC I BT/ B TeGCH A+ L) A — 9t . X 4%
Ep B M5 9 PVDF JRBEAT 7. 0 3 45 R e .
HRP k22 ZOGIRY) 25 . 1 .

2 #XR

2.1 HEITHERM

FTH R A T iR L I & ) PCR 973, 779
Yk & IR 1. pCW702 PCR 7= ¥ 7E 25 800 bp
bt B — 4%, pCW 701, pCW310 PCR 7= ¥ 7£ 24
1 400 bp &b I — 557 .
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Fig 1  PCR amplification of gene cassette carried by targeting
plasmids
1: Makrer [l ; 2: pCW702; 3. pCW701; 4. pCW310

PH 14 541 FT 80 R 3 Y &4 A 7 ) i PCR i
PEASH LK 2, pCWT701 £E25 1 600 bp &b H 3 — 4%
7, pCW702 7E45 1 000 bp 4b i Bl — &7 . pPCW310
L1600 bp &b — %40, 5 TBAAHST . B
RLHEATSEE PR, 25 5 W SR S Al A R BT 1)k
mpl/or fXYZ—or fBAldh, 5 T AH AT 0 7 5 )
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Fig 2 PCR selection of inserted derection of gene cassette carried by
recombinant targeting plasmids

1: Makrer [ s 2: pCW701; 3. pCW702; 4: pCW310
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2.2 EHERIE

X 2H T N Y B e A R &L B Evy
or fBAldh F Bt} actA F:H K By PCR 30 ik 45 5
LA 3,

ot B & Y a4 R LmAactApleB-
Rv0129¢.Li-AactAplcB-Rv0129¢ } Li-Rv0129¢ TF
#5 1 400 bp &b B — & W, Lm-AactApleB-
Rv3875.Li-AactAplcB-Rv3875 #E £ 800 bp 4b i ¥
— & (UKIE 2~6); Ery Utk LY 45 R A
HRREIRAE 1 200 bp &bt BUR: S5 M 2571 GGk 1B 7~
1) s H AT h 4 S e i B or fBALd R 4 8 25 3L < i
ABEBRIBTEZ 1 000 bp &b B — &4 Gk iE 12~
16); & f1 3t actA ¥ 45 B Li-AactApleB-
Rv0129¢., Lm-AactAplcB-Rv3875, Li-AactAplcB-

B3 ZEAH PCRIFIELER
Fig 3 PCR confirmation of recombinant strains
1. Makrer [[[ ; 2-6. PCR amplification about gene cassette of Lm-AactAplcB-Rv0129c¢, Li-AactAplcB-Rv0129¢, Lm-AactAple B-Rv3875,Li-
AactAplcB-Rv3875,LiRv0129¢; 7-11: PCR amplification about erythromycin resistance cassette of LmAactApleB-Rv0129¢. Li-AactApleB-

Rv0129¢, Lm-AactApleB-Rv3875, Li-AactApleB-Rv3875, LRv0129c¢;

12-16; PCR amplification about specific gene orfBAldh of Lm-

AactAplcB-Rv0129¢, Li-AactAplcB-Rv0129¢, Lm-AactAplcB-Rv3875, Li-AactAplcB-Rv3875, L+Rv0129¢; 17-21. PCR amplification about
virulent genes actA of Lm-AactAplcB-Rv0129¢, Li-AactAplcB-Rv0129¢, Lm-AactApleB-Rv3875, Li-AactAplcB-Rv3875,LiRv0129¢

Rv0129¢ M Li-AactApleB-Rv3875 ¥4 i ¥l 4% S5 4
¥ L Li-Rv0129¢ fE44 600 bp Ab 31— &5 (3K 18
17~21), BRI 745 5 0 os 5 40 5 BT 51 [R)
PRILF 979U |
2.3 E#EHEE B Western blot & il 45 R

P TR 20 TR 43 0 TR RN O IR SR AT Western
blot £ . 25 3 an & 4 Fr 7 . BH M 5T 45 %5 IR Lon-
OV A 3R HAE A X 40 F & 29 35 X 10° 4bHY
M — KA (kB 2); B4 W LmAactApleB-
Rv0129¢, Lm-AactAplcB-Rv3875 ) & 1E i #] 4b
(43X10° (19X 10°) H IR 51 2 iy UKl 3~6) ,
R Li-Rv0129¢ B A H (1 K 3L 43 W Y B 1 7 il 4
FAXT 43 Tt Ry 43X 10° Ab Y 3R 5 Pk 45l (UK i
7.8) s EmHKE Li-AactApleB-Rv0129¢ W& 3 M H
53 W R AR AR SR AE X 437 BT i Dy 43X 10° Ak R

|2 3 4 5 A& 7T R 9 1010 12
(ML, =107

1
3z
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B 4 EHHEHE B Western blot # il 45 R
Fig 4 Western blot detection of protein of recombinant strains
1: Lm-OVA thalli protein; 2: Lm-OVA secreted protein; 3:
Lm-AactAplcB-Rv0129¢ thalli protein; 4: Lm-AactAplcB-Rv0129¢
secreted protein; 5: LmrAactApleB-Rv3875 thalli protein; 6: Lm-
AactAplcB-Rv3875 secreted protein; 7: LiRv0129¢ thalli protein;
8: LiRv0129¢ secreted protein; 9: LiAactAplcB-Rv0129¢ thalli
Li-AactApleB-Rv0129¢  secreted protein; 11: Li-
LiAactAple B-Rv3875

protein; 10.
AactAplcB-Rv3875 thalli protein; 12:

secreted protein
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el vk &y (Jk 8 9.10); 4 W Li-AactApleB-
Ro3875 A HR 11 S 43 1 0 2 1 76 1399 AR % 43
ik 19X 10° &b HY B S 2l Ukl 11.12),
3 itig

VB R 1% B8 1 B, LM H & DL AR O
LMl 2 A 1 A 8 1 48 1A HH O 1 3% IR 45 1 4 R 4l
PG QRRAER A S - 2B R 7= g n] i 3 TR i e £
KRG A QX LM 1 8t 1L 4 Fl G e # R O
BB @ LM [ B AL ol S 80hT R
PRy P R IR 2 40 g Cantigen presenting cells,
APCs) , FF 78 40 i N 25 K AT iz 2% B D 21 40 il o
e, X EERERE (AR LM O AYAT L is 26 R R 1 i
HAT DLz 3% 5 4 Bt R A 55 DNA R RNAYY,
LM it B T 4 Mo 6 Ak 4k 500 R P, vl 5 300
CD4" T.CD8" T 4 i 45 R0 75 & 58 4= 20 My e 9%
5 A TR A R L AR . A Sl
s LR e R a . HAET, E4 LM N
PE T A EL I 26 3K B B L b E 40 bk 45 A
G 5% 4% 95 7 (LCMV) | AN 2K 2L 3k 98 9% 7 HPV-16
E7 284 58 Bl I 25 4 A0 75 (CHIV) g JRL 4 97,
HIRE 51 R Xt 5 v B R A0 40 e g L O 2 B A
WA 2 4k, L1 HA B LM AR HLRE AL i M P 1 5
0 [0 42 5% 1) 5 B AR AL ) 3 R AL [ B LT
HA MR 200 L LT S #0419 5 1 B
R DLARIE o A5 DA A= By 2 8 A 0 6 DR 8 AT DA IR
LY ] GBS —FP R AR BE T 30k, H 5 LM M L%
N

MTB 7 5 101 B A] R 43 6 B 2R 1, X S8 8 1
BEAEAE T 55 35 3k o s5UUBE  A0 J A) A e /N e T A
Btk A B NAETER DM, Ag85C (Rv0129¢ 4 fih)
J& MTB £ 2/ 43 W& 11— Ag85 1Y 3= 2 41 i
Ay EA R S T 4 B R 7 A T T L
FBOEON T 40 M 242 T 40 M A= 1%, 3E 51 5& 11-
2.GM-CSF J¢ TFN-y 45 41 ffd I} § K - /) b T
ESAT-6(Rv3875 4ifi%) 7 MTB Jak gL 511 Bl 7] 5 #L
RIS R G U IR ALK R R4 CDAT T
A0AE .CD8™ T 4i ffg 38 51 & IFN-y B Jil. #£ 91 MTB
JER e 1) G B S P e P AR

KRR RAGBNE) Lm-AactAplcB-Rv0129¢, Lm-
AactApleB-Rv3875 ¥4 K E S #4 T 4ME MTB
PUJFHE DR 38 AR 114 2 A ARG T 380 4 S M R P G b
Feak s i #547 [HAE PR L & 1) LiRv0129¢, Li-
AactAplcB-Rv0129¢ Fl Li-AactAplcB-Rv3875 | &

KT RS AL IR AR T LML LT A
DL ) 1 22 57 5 LR 1Y ) B o S HIEBR LML 36l B ik
FEDR B R P 2] R0 T — S R R
KA DG B 7 Sl — 20 T

A 5 T 2 45 1) [ U5 B 2 A7 a5 7 T 2 B R T o
WA NN E—F R RS 1 (Listeria
pathogenicity island 1,L: PI-1), Li PI-1 {ii T3 A
HERILN prs M oor fBALdRh 2 [6] AL 5 T B0 1k
ZEW R ) B SE N (prfAL pleAhly .mpl.
actA Fl pleB)S™ . 4 i 2= 17 R TV i 3 19 5 ) Ak
hiy fiF Li PI-1 Ay e hly 5 307 Ui 9 59 95 i
ity B\ 5~ 50 6] — O [ 5 s Bk . DR R NR R RO\ 1
W& B S mpl.actA Bl pleB, EATRE AT DL
mpl J3 BT IR PEME 5% H— 2% 5. 7 knt 1K mRNA
F B SURT Ll B 56 Ry S %) B S 72 W) s act A-pleB-
or fXYZ %5 )5 BEF mpl 5t B BB
BN T UWE R #E I B AN or fBLor fA Flor fBALdh
LD L 3X 3 AN Fk R LA B ) B s BT

AR 2H K B Bk pCW304 5 pCW310 £
22 S AE T A B 450 1 Bt sk & Ro0129¢ 1Y
AT A 78 pCW304 T J5U 5 (X & 1 4 A5
[N or fBAldh—or fXYZ T H:AE pCW310 H [y 54
FIT1 N or fXYZ—or fBAL R, BT H H[R] 5 5 21
JIT AR B Y B A T 5 R & A A D ) 2 AR
iy 30T M B i R D B S 07 1], fE Western
blot 43 A Hv, I AR A I 3 i pCW304 [A] 5 5 28 15 3|
P18 i 2 AT P A DR A A i A A, AR SO R R K
i o B R 5 50 43 WA R S PE AR L T pCW 310
[Fi) Y5 o 2H A5 2 i 20 T LeRo0129¢ 450 ) 1 47 S5+
PESR F R o3 Wh o Hy AT I L A0 U5 B PR & 0 B s
T % HCHR A R R A B R

Li PI-1 3 B vh B B R B2 B — A B2
1F ] P8 3% K 7 (positive regulating factor A, PrfA)

Ui, PriA H0A & T 4 i 5 5t K7 Crp/For

FR Gl 1t 5 B ) B R 3 BREE 0 e R B
I HEEE A R 3 7-PriA-RNA R &8 2 &Yk 1
PR IE N AR, MRS 27 B PriA U5
A W T R RR R “PriA &7, & T R R A
—41 bp A 14 bp B FISCF A . 23 7 90 43 #r
Bompl [T )0 A g & A — A “PrfA &7, 1M
or f[BAldh WA IF A HA . Wik, iZ“PriA &7 7]
AE X PT 5 RE R Y R 3k HAT TR R 4 VE T el e s T
ARG L B 0 2 P 3 3 pCW304 (7] 9 7 41 78
SIS v ol S R o - O R/ T
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pCW310 [a] 5 H 41 45 21 ) T 4L B gk mT A AS: 00 2800 A i
HHMWFREBITW.

AT T 3 BR L LT 3% 1 A o3 il

Fik MTB {47 P P I 09 45 1% 9% v e ik tk Lo
Rv0129¢.Li-AactAplc B-Rv0129¢ Fll Li-AactA plcB-
Ro3875, Ja BLHF 500 23 % DL I 3 Mk 25 4% 28 B A% 36 bk
975 4 e SERCRIE AP DX 505 77 8 77
&, DLtk — 2B Sk HAAR 4 20T
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