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Application of lysis system in bacterial vector vaccines

Yibo Tang, Qing Liu, Pel Li, Hongyan Luo, and Qingke Kong

College of Animal Science and Technology, Southwest University, Chongging 400715, China

Abstract: Recombinant bacterial vector vaccines have been widely used as carriers for the delivery of protective antigens and
nucleic acid vaccines to prevent certain infectious diseases because of their ability to induce mucosal immunity, humoral
immunity and cellular immunity. However, protective antigens and nucleic acids recombined into bacterial vector vaccines are
difficult to be released into host cells because of the presence of bacterial cell wall. Vaccine strains that are residual in animals or
livestock products may also cause environmental contamination and spread of the vaccine strains. The effective solution for these
problems is to construct an auto-lysis system that can regulate the vaccine strains to grow normally in vitro while lysis in vivo.
The lysis systems that have been applied in germs mainly include: the lysis system based on regulated delayed peptidoglycan
synthesis, the lysis system based on the regulation of bacteriophage lysis protein and the lysis system based on the toxin-antitoxin
system. In addition, a potential lysis system based on bacterial Type VI Secretion System (T6SS) is also expected to be a new method
for the construction of auto-lysis strains. This review will focus on the regulatory mechanisms of these bacteria lysis systems.
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Fig. 1 The lysis system based on regulated delayed peptidoglycan synthesis (adapted from the reference [11]). (A)

Map of plasmid pYA3681. (B) Diagram of model illustrating the regulatory interactions in the regulated delayed lysis

system. If arabinose is present, arabinose will bind to AraC and the Pgap Will be activated. If there is no arabinose, Pgap

will not be activated.
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pUTaBE

(3384 bp) p15A ori

/
rmBT1T2

Amp”

2 FEEEMAMAL (4% ATH[30])

Iron-rich conditions

N\ ‘,w

Iron-limiting conditions
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\ P ///
- — ———————
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Fig. 2 The Fe**-regulated lysis system (Fig. 2 adapted from the reference [30]). (A) Map of plasmid pUTaBE. (B)
Bacterial cells lysis and the heterologous antigen release caused by protein E. In iron-rich conditions, the Fe**-Fur
complex binds to the Fur box of P,z and represses the transcription of the E gene. In iron-limiting conditions, the
Fe®*-Fur complex is dissociated and the transcription of the E gene initiated. Bacterial cells are rapidly lysed by protein

E to achieve the heterol ogous antigen release.
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Fig. 3 Model diagram of bacterial lysis caused by the pneumococcal PezT toxin (adapted from the reference [45]).
Stress conditions lead to release of the UNAG kinase PezT via degradation of the antitoxin PezA. PezT converts UNAG
to UNAG-3P, which leads to inhibition of peptidoglycan synthesis. The rapidly dividing cellswill undergo lysis, and the
cytosolic pneumolysin will be released from these lysed cells.
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IR

LT — Outer membrane

St
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—> Periplasmic
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Fig. 4 The mechanism of delivery of T6SS effectors from P. aeruginosa (adapted from the reference [69]). P. aeruginosa
delivers the Tse effector proteins to adjacent recipient cell through a T6SS device, and the recipient cell will lyse due to
lack of the Tsi proteins. Effectors and immunity proteins are shown as circles and rounded rectangles, respectively.

T Tsel-3, [AEHA 3 F[R1VE o &
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197 Nature bR T4 43 (5 40 14 RE A% 11 B 1
fih - Y T6SS J7 273 Wb Tsel 1 TseB it A 5
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HhERIE, TORTEA TN R IR G E S TeSS iy
e 2 i 3 S VA DA 1 5 2 TR R AR, A
TE T AL B A 50 23 [a] 9 S e 25 1 TSIL Al Tsi3 A LA
HR L (R BT [0 45 1 22 ok s Bk 1Y) T'sel 11 Tse3 1Y
Bk, Bk A B R, Russell iF 58 H ATE Kk
Fo A P4y SIS 2R T B ZS [R5 1Y) Peri-Tsel
il Peri-Tse2, 433I7E 5h Al 6 h J5 KA 255 &,
LB N LS8 3 20 B KR T 24, BB Tsel Al
Tse3 FLA A UK 241 A1 4 f0 B 45 oy i Fc 240 TR 2R R B T
HZhfiE. Tsel, Tse2 il Tse3 ML TR i 1% & 2 1k
WA HL LI 4,

BT Tsel fl Tse3 Z4b, WFsEF& kil %k
BT — 4 Al R % 7K A 24 R JOK SR )2 1 20z [
Fo HABMETEYER Toe (Tael-Taed) HHAM
RO HAT IR DL-IA KT T 9 /N3 1
1 Sspl F1 Ssp2l™, ik RO S K ik [
F Tge (Tgel-Tged) ZMal™, LUK —Fh 2 g ¥ e
fifp Tt R (R0 T I B T seHU V83 iy TR - EL A 7K
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fift 41 L R R SRR 2 B T RE . AL, TESS i — stk
KON P LA IR B K s . Bian, RahFf
B Acinetobacter i) —Fi Ik K %t TagX[™®
LR B HLINE VorG Z b i vorG3 & APk
3 9 AR B R 32 K BT 1) JR SRR S22 7 A LR DA S
B T6SS 3% 1 E A R FAZ il s IS RE . BR T
DA b 7K A B SR 56 I R0 Rl 741, T6SS iR k%
Gyl — e i . R . Rhs- T & 1M
Non-VarG & 14565000 7179, e 3 A 73t
7V P 2 3400 w7 sl 450 4 1 =6 2 M A 1

42 BETHBREXKBEFRAEHNEBREDN
iIEES

AW 5% A BN B B 58 5 1) 22— SR i i R T
T6SS &40y K F IR U0 1 B 27 R 5t A HEZ R
5 0 AR L 1E T 00 tsed BY, tseB 25 g i ik B K
S R A S R W2 I W < B~ P S SN 217
Fo B WAL FRAE o B S B v TR AR AR PN B 5
S M A S5 I B AN R, HOE SURTE T Anfer 2
FI|—FhBE ™8 R 5 tsel Bl tse3 Jk [ 7E A Py ik 1
FERINR B WG 81 BeAh, 0% N7 R 5
R B DG A A TR R 52 i 2k,
IR I 8 75 76 5 3l 1 0 tsed =, tse3 3[R 22 [ 4 A —
B A5 5 B3 41 2551 F 5007 B 7 2F U0 1] B 14 R o
z3 [ 263k, N p-lactamase Hl PelB %555 19 1)
HS RSB0 8Y A F BABY TR A 2R )
o 3 T-15 5 K F 9 -tsel/tse3 Y 2H 4 B4 3 ek 75
UO T TR L DR A R 7 s, RO % Hh LA R it
1% & M AR RO A S VIR, 1T T A
TAEIR A WAH A E

SRR, —SERfEY A2 AE SPI-6 (U1 1R B )
£5-6) 4t i) G FEVD TR Y T6SS Wk LI T
FLA O e it 15 PR B 8O0 - Taed M Ay 5
Taid ™™™ Taed i S AL 5 R T4 e 2
It 2R BT N1pC/P60 #BZ %, 5 40 AR 1) K i
FIPGERA A 5008 — e R AMRIGTE ] T R
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ik Peri-Taed E [11REWS I B M 0 7 1A 1Y i 2 24
LT TESS MU -G R G R A G I T
— PB4 R Y, DRt T
DA% P8R B FE VD 1T e iR 11 tai 4 1R i
A taed SERRMY BIES AR IS 8- J8 TS|
SESITINNA G, W taed JE K REAE RS S
FEH AN Fe K AEAA P ERBE 3K . H 2 Sana 2515
TEWSMATUE R T B ZE V0T T8 T6SS #9 Hepl
HHREE T Taed M HAEFHRIE™ B2 v & 0 &
Klebsiella oxytoca, %F' T6SS (It 1 MLl % T KL
PRIEVD T TR TEDE 38 N e R B RN,

DR 7 ) S 12 241 25 0 1 () A 5 2 R 75 4 X
25 T TR AR TE i 1 N 19 R RELRE 0 7 A S

5 R&ESRE

AR SO LR AN TR A 3h 2460 R G e 1k
AR B I RIS Y T B TS I R,
X SRR R G AEAE G — 8 B ERBE o 1 BT
AFURE I 422 14 S0 3R i 22 4t B SR AE I R A4 P 50 B
13 TR, (RS2 Nk sh P i oyt 24 IR 4
1) BT RLARRAAAE , AT RE 2 S EUIGR B VDT TR
5% B LEAA NI T 4R S TR S R AR e Y
it i [R] 2 T8 1) 24 F 8 H A 40 A TDIE AL
P BRI A, HANBESE R 2R AP0
T L 30K 7 38 A AR I R G 125 7 SR 7 A=
P18 i 3 K P T R RGO S VR BULE 4N T
XFEREE IR S TR ARBE T B AR ZetalPzaT
B 2 RS I Tl 200 A AN M RE Y B i, R AT AH G
T AT REA E EUZ AR TR DR s R A g
B B IO R IR MAE T6SS 43 i
R IR WA A B T AE AR AP B B R T AR 34
ik S O TR83 H A A L I P % M A
N H SRR PR HE , AR N BRSO IR A R
E— 25 RERRMIGUE . BR T bSO 1 JLRD 467
RGHN, A WIGE 4 5 SRV T i
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RIS, (FLV T A3 A2 2% T X8 13 %
AR T IE)™ AE 5, s R PR AR I A
it — Yk

TEAEE B S 2L AR A TR I, I 75 ARV
PR 4 (8 1A TR 5 |\ — 6 SR A SR 9553 U 1) 1R X i
E A BEE LU R 5 2 Bk B OCR o il e] DUA
FHIRAAE IR D8 PR £ 45 rfaH BRI, Ry 28
ARtR AT DUAE AN G BB A RIVD TR Y O-4t
5, REFRYERBE S, BIAN AL O
USSR, WD EXU T O-HT Iy S S
POE L AR VR R R e B — Ny T
RN LPS RES 1 A ™ Ak caspase-1 #<Hi
oA PE T, DRIt S 2 5] A — e 5 AR AR
LPS HYTEIE; [R5 | A — 26 H A AR A fRfr
DNA JZH7EVP I TE N AT E ZH, AERbitE
F I AR IC AR o IR T A U (A B g2
ARETE R, 3 20 W RV AT RE i AR B B — Se R
SRR, BT IR AN BB B v SRR o ok
Y R IR B ) 8l A AN (L RE A8 13 1 R 47
PEHU AN DNA S22/, WA RdEMEASR. £
WS BRI 25y, A3 AR 2
IRIET TOSSHHR AU H F-Ha 3 1 S R i i A
—EMERE , (ER AR A S 2 ZAF R BT P ]
FRIEE P AR BB DL SORT Curtiiss 51256 28 K Y
PRGERR, BAEARES 2 X 5l TARER .

A, VBT R v A MR F R AR S 1 B
S, R R v AN S 2 BB G ik 55
B, PRI IR R FIE HRE 1 LU S5 S S 12K
R, B RN 5 O i AL TR
QAT B AR PAL B B (8 W R RR A TR AL, B SR
AP AE RAF BN AT, (B 2k —2
R UEAE I PR b PR SRR ORI RO LA R X
fid ERRIME I SE . BATHIE R A A W k2
BRI SE R R, B AR R R B e Y
T RE A
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