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1 BLPs HrAARERTETHEA

BLPs J&— 4 & MR FLIRE S IR FE, £
BRI E BT PR ANG W RE R 55 i N S R0+
Py HB T A RE KSR B (peptidoglycan, PGN)
HHREE DR, HINES S5 TE AL,
AR Ay A0 BT R Ok ) 33— A B 18 T T
A R S0% A0 M BE A2 22 QPR PR,
B PR R B 2% [ PH P TR 38 58 2 T (Gram-positive
enhancer matrix, GEM), {H 8420 B 78 X A R
UL 2= A BT B T 24, T LR T PR L R A Y
i P P IR 2 24, A R BB s -, Ak
PR P & 138 o @A 4 48 25 F (protein anchor,
PA), FEIEHAS G T IR B AR . LR G RAE
IR, TEARINKG PA FIdL R E R G RiB G,
TIAFTAIR 40 BB FLIR T IR SR BERORE Th iR, 7
PA (S BN, BIVATTE W5 /s Rz (& 1),

AcmA __

PGN

Wild-type L. lactis

|

W PA KA TELRRE B BRI 0 IR K
iRl (AcmA) . AcmA A 2 ANEMHEH L, 4358 N-
Uiy 7R TS O A s 4 R BE 255G Mo
f£ BLPs JE/R 1A F st e fE I UAE AcmA 1)
C-mzsthial, ‘& 3 MRS E I B
E I (lysine motif, LysM)ZH i, £~ LysM Hi
45 NSRRI IEL N, Hom BE R, Wby &
SR, AT LUK St AR L s G AR T R A
SEORIE AL SEMRREE 2 b, HA5 SR IER
5, HATALE SDS s S ALHRAL BRI A REHKE i i
F#72 Rk, AI#E-80 °C. 5 °C. 25 °C %[l
TR 25 P AR E A 2 4R P, PA BT/
i R S O AT DAZE A A P A M B B 1 2 —
EAMUBEB NI G TR R A 4 i BE , M H.
R RE 25 A T A 2% FC BH M 40 B A e I
A5 R PA 1 LysM JE 7 80 1) 2 /0% I A
H 45 & A0 RERY R ) B R, 1 A TE

PGN binding domain

/
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Figure 1.
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LysM ity 3——HI R AR IR A 4l fa s, A1
AR RCE RS, B AcmA FFEA 3 A4
LysM 52 5L 4 RE R I e A A IR SR &5 508
IR G T D

2 BLPs X THET & 5 W AL H
21 HZEWS

HHAbFRMER RGA L, FLBR T BLPs e
IR 2t . B, BLPs HJCBURTER
TP FLIR A &5, R4 Hak, FLERTE BLPs
J3 A 1% ¥ (non-living) . F 18 4 & i 4 Wy 1K
(non-GMO), AN EARTALIRY o7, F5e FFE BE b ik
/DT EEZH DNA [a] BR 58 A0 HAth A 44 46 1 XU o
22 PFERREER

BLPs 1] = % B /R AN BT IR A 1, HLA 3

fig

PR AN BE R SE P T v] BHAS LysM BI45 G, BFSEIE
SC, IR EE L BRI YRS, HASGANEE
FIEIRE I P B 3 o Steen 453l 1 B o 6 7 ik
il LysM A 2LER A /s W SN AE L E, A3
F AT P Tl R 1R Rl R TR S5 ) o ) S et BRLPE 2l
BE oA D, T AR AL RS BRI 2 O61E 5 1
FWL, HAMTEANFEEREm, Zeng FR
A B MR R ) B AR AR 53 b
TR BUEFT R VPO 20 TR OR A 9K 45
M a5 58 B, BV RS 355 B TR 26 Tt 22
DA 3000 TR, IrEARPUR S TR E N
1492 4 F/um’®, MEIEHHEE CD4 5 FH T
20 i H % B AH 866 43 F/um’™Y. 5 4 Bosma %
Mit5, BLPs MIMIFIZE & &0 140-150 pg/U
(2.5x10° Jikr), FHIk 10° BiEE A/ 1, HE
A RE T HU AR B 11 3Rk AL S S A FLIR e A IR R

Giw 2-3 MEERY, BB RGE K L R PURY)
v 1N A S LR I r A TP VAR S L
2.3 BA AR

Toll 52 A J2 — 26 5 B 1y 5 X iR 1) &2 1K
(pattern recognition receptors, PRRs), AEif 15
A TR B9 95 I A 56 43 F #5 2X (pathogen-associated
molecular patterns, PAMPs), 7E % 576 %% 5%
S 8 ) O AT A A W Ry A T
BLPs {1t 3= 272 SR, o TLR2 AL —1,
FIR T WA o2 AN FIZR I b B2 4R MY Toll #E52
A& (Toll-like receptors, TLRs)Z %, il 5 PAMPs
MAHEAER], SR Sh BN 5L Sl es, B0 A
B JZE SO, 385 R AR S5 2R G R S A ) ()
BRARGIRE ) . BLEAESE BLPs M1 #15 TLR2 5
S, 175 T8 FR ORI (dendritic cell, DCs)
R, ik CD80, CD86, CD40 #ll MHC-II %
KII>T, AR DCs 73 IFN-y, IL-2 S5
AR, WIS Thl BUAT Th2 BI6ass, #k
AR G A O Y MR, REBR TLR2
FER B/ EAZARE BLPs AR R =t B
YHMEAT IFN-y 20 T 4k 5 3 L i A=
RUNEL, JUP RIS B ZEEE SIgA FIRSE 1gG2e 1)
Gyt
2.4 FBEEBEE

BLPs K/NZY 1 um, WG RZZFGBZRT M 4
A SMEGEA BAL RN, Al g T 5 b fe 20
ZUR7 I8 1Y M A M SR T iz 240 S 20
Bt R, KNSR 1-2 um AT SR R T LB
A RIS 7R I T T 58 8 4 M AR AR e s
i3k, TR AR G EL 42U Peyer’s 4515 Fl
L JS 118 S MR R O 7 T8 20 22 ML A 3 ] 285 2

%4 (common mucosal immune system , CMIS)fJ—3#p
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g%, BEAROA YRR ME Th 4000, et T
WRELZH AN TgA 430 B IS, I 3l Ry iR A i
4 B RGeS R4 O 2% Rk, BLPs J&
— PR R B R A
25 BTEMEENNE

Audouy Z3EF BLPs /RS0 5 T #
1A JE /R il R A ER A BT 1 IgAlp . PpmA Fl SIrA
) BLPs 0, 1K = Fhfkidi — & LR A,
Al R . S IR B ER R P, TR
HFLBRE HIA R AcmA 1 PA -5 IKE ML
AN GEE TR M, PRSP DL LRGSRy
] [l FE F BLPs 2R, il & L My . Bifs
Z A Bt R BRF B PpmA . SIrA 11 IgAlp 5 PA
MAEARBG, T8 8 EE—E sl
5#EE BLPs 5 J5 YW fi € 7E BLPs K11, e
Ry 2 T [R) B JE 7 il 9 BEBR TR PR 8 A A B
#r BLPs #£11,

3 BLPs XHETRAKWNHA

3.1 eI

Z2T I B B A/Wisconsin (H3N2)HJ HA W7
PLEEHTIS I GEM UKL, & N g /N US55 2E
HI SRR >40, 25T AL 5 S 1 7KF
Fo TC A RN A5 57 AR PO By R
K-, T Bl 759 R0 SIgA HIy= A2, B 4h, 0.04 pg
TG EE A/PR/S/34 (HIND)AY HA WV BAL7RE TR
T GEM ki il 5 37 A 5 1-5 pg Tk HA
BAATEE ARSI HT PUAACERY S R Ak i R
HINT U2 5 2P B TS I GEM AR 3R B TN # iz
/0N BRURT 25 4 o IV R S 1gG A HT HiiiAKF-
TCIBTEUT AL T | S o 285 F 0 5 1) ) 1 2 M5
AL SR A SIgA, PR/ BATAR [R] I A 57
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VSR EEAR M BOEME T, HLCEE I I s 7 2 it
BICAEFIREAL 100 (524, BT, ZLERH GEM it
WA A 281 M O B B P AR, BUS T AT
MR, B eI IR 1 PR,
3.2 VENFIBRE B R R

BRI — BB 2%, A 8B G
REE L9 R AR I IR A 2N B 47/ AT, BHL LR i
HE— IR R R HARN TCFA S, SRl
Jeisb, His G RBERE . 200, EB5Rm
eI R R . BLPs 24 | RRABERAR
P, ZRTPIGE | HALIEE Y BLPs R T AL
Difilgs, Bosh R/ scr_GR 1), R
T JEE /R PR £ A RE(RS V) F & FIHY BLP-RSVF
AT LB % Balb/e /N ELEMERL, REIB S
A HE T B SR R K S SIgA FIIALTE th AT
Pk, 200 85 B0 IR RE 2 0D T I 2
JRTRE RSV 44 AT R H e i, Hag 4k
o [ 25 i R g ]
3.3 VR EPUR AL T

WEE TR ALk A O TITE
LR . IR THEF R (T KN
BT 0 1 (LA ) SR RZ AT (RS ), X
iy R R A I W U ST R (A AT EL R e
W N TR R AR R 2 R IR, JUH R
WHhAEN . B, IBE . WEEREYRS 5]
RN . S R SO S o T N Ak Y A
VA A 2o 4 BB 5 0 B R S R 25 5 Sk o RS
PA %54 BLPs K, 505040 i35 52 S
Ba, SR E R REIURCR >k, SEBLA
BURM—alifl, Wt O AY 1 B % 5 (FMDV)
KPR PA JPHNRG & KIGHT TR EREERIA
J5 . BEEAS AT BLPs R, BUGE & 590 8 R
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®1. BLPs HREEGERMES RERIPN
Table 1. Immunogenicity and immunological protection of mucosa vaccine based BLPs
Pathogen D1s.p1ayed Vaccination Animal Tested parameter Observed outcome
antigens route model
Virus  Influenza virus HA in. Mouse  Immune responses Serum HI titers >40, strong increase compared
and correlate of to i.m. commodity vaccine!*!
protection
HALI ig. Mouse  Immune responses Significant level of serum IgG and sIgA.
and lethal challenge  Survival rate of mice was up to 88% (7/8)7
M2e in Mouse  Immune responses 100% protection, strong reduction of lung viral
and i.n. challenge load™
NP in Mouse  Cellular response Th1/Th2 balanced cellular response (IFN-y/IL4
ratio)
RSV F in Mouse, Local mucosal sIgA in the nose and neutralizing antibodies in
cottonrat response and correlate sera. Strong reduction in lung virus titers upon
of protection RSV challenge™
Bacteria Streptococcus IgAlp, SIrA  in., im. Mouse  Immune responses 50%—75% protection associated with strong
pneumoniae  or/and PpmA and Pulmonary and  reduction in bacteremia. Strong reduction in
i.n. challenge nasopharyngeal colonization!'*!
PspA L. Mouse  Immune responses PspA-specific IgG in sera and sIgA in mucosal
and i.n. challenge washes. 100% protection against homologous
and heterologous pneumococcal strain®”
Plym2 in. Mouse  Both systemic and High level of serum IgG antibodies and sIgA
mucosal immune antibodies in lung lavages'®!
responses
Yersinia pestis LerV in/ig. Mouse  Immune responses 100% protection and 85% protection
and i.v. Challenge respectively!!”!
Shigella spp. IpaB or/and 1i.n. Mouse  Immune responses 100% protection against S. flexneri in adults
IpaD and Pulmonary and partial protection in newborns; 90%
challenge cross-protection against S. sonneit'”
Campylobacter CjaA or/and in./s.c./in  Chickens Immune responses No protected effect i.n. or s.c. inoculation
jejuni CjaD ovo chicken and oral challenge against intestinal tract colonization of wild
eggs type C. jejuni strain, while administered in ovo
the mean level was reduced 100 times and
correlate of significant levels of protection!*®
Helicobacter CUE in. Mouse  Immune responses Urease-specific antibody and local Th1/Th17
pylori and i.n. challenge cell-medicated immune response. Strong
reduction in the urease activity, gastric
inflammation level and bacterial colonization® ="
Parasites Plasmodium  CSP Lm. Mouse Immune responses 100% protection[3 R

berghei

and Infected mosquito

challenge

i.m.: intramuscular; i.n.: intranasal; i.g.: intragastric; i.v.: intravenous; s.c.: subcutaneous.

AT B B — 2D Ik

e,

FTE A EBRRIEE] 90%,

O R BOGR T TE RD A
4L 51 FMDV Hlst, SRR A 5] 99%,

Y GRS R
NAEALJE ) FMDV HA K47 G I ok

SERUE LY

5w R R

ZERRRFEBEEE R S PA

Rl FRIB 5 E T BLPs KA, SEBL0 8 EHH 5

I 256 AE 9% 7 (PRRS V) 4lifk , I HiZ W5
RREAT ZHE

itk
e, Al DU R4 Py 5 5
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SR A,
34 FITEE RS LWL

ZAEN, RN EDE AR 5 — A
IO FH Al S A A 4 A A A W AL 0] i 1 U 2
[ AT T e e Sy, Tl A 7 5 4k
BAKE R, TE A AR RN . ARG R 2
W W e /R AE 2 A5 B A (0 7= AR A M R, (L PR
T2 AT RS R YT S 0] RE SRR B TE 2
R T fEDRR — (RIS M G R P N 41
HNE ERBEERIERNAER, B TR
B BLPs I, X #Ef2s DA G PR 58 42 R TE
R IR B G T A R AT T 2 1 QK-2 REREAR2F
YRR, BRI A AR R, sl
M 2 I QK02 15 b, [HEZRmyaifedr
PR T HZ R, Mao S5 AL C S
PA PR IR)G, 456 T BLPs R, FrEMK
1) J R FIURE AR SR DR R 2T 2 3R IV G 1, A
2 R iR T B B i B e R B IR
Bosma S HIAFTIE o-TEMEGS PA BlGRIBG
45697 /R T BLPs KT, JF HEl G54 PA (L
RAFE o-VER BRI AT B PN ot JH i v [] )
/RTE BLPs Ifi, FFAAFRRE B IERED

4 K2

%%ﬁ%ﬁ%ﬁ*ﬁﬁﬂﬁﬁﬁﬁﬁ%ﬁ&
AR, AR PRGH R SN LERE i . AR T
E%%#ﬁﬁ%ﬁ@ﬁ%ﬂﬁ”%%ﬁ&ﬁﬁ
AE R LR, JUHAEREE bt & b a]
G2 5505 A UKL 1 — 1 iy die A i Y BE P T
PR A B . {H H HT BLPs 475 J@ B 2% 40,
ARKE BLPs R A A RME S AR K iz
B A T8 AN 22 D R4 B LIRSS BLPs 7] 4
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FLAWIM TLR2 43 FRriRGl, HEEMRERS
TEFLE T T S EL YA, K& chTLR2 HA
chTLR2tl (chTLR2 type 1)1 chTLR2t2 (chTLR2
type DB R A, — F 0] 455 chTLRILA
(chTLR1-like protein A)FI chTLRILB (chTLR1-like
protein BYE i 4 FRIiFLsh% TLR2/TLR1 1,
TLR2/TLR6 ) 55 514k, Bk, BLPs fERZRE
R By v i it R A HAE R an ey L g AT A
XS AT S 2 P Ry 24 R T R R A A )
R, AR e S g0 = H ET IEAE LSS Bl i v
RERY, R BLPs RN, DAL BLPs £E
& L0 R HET SR, R S e R B
ARG AR R B R SR AT T A % . TSR R & 2R
Hfles b, B WL RIRTE 34 KIBFE .
FUIRTE . B Audni . wizlshyaniess, B H A
Hil#5f BLPs %% i Hat i B 2 DIAERE AL R
HE, TTRZRETRGHE . ARESEZE
H, BN T 2 SR CR AP T IR 1 Dy R T R
FI AR R 5 9 HA ), SEBUW B F A0 s
A I 2 T R R R b 5 4 38 I A R SR A
%, W45 BLPs EH WA MBS . B
& BLPs HURHIFEIAWIRA , L AR E A RIA
SRRHEEARFM T Z AW A, HF BLPs
() 0 A ) 2% THT R /s BER e TE T Z G LA T
W8] 149 o FH R o

Z % 3 W
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Bacterium-like particles—a novel surface display technology for
lactic acid bacteria and its application

Jianzhong Wang", Jianwei Zhao", Chunfeng Wang"

Jilin Provincial Engineering Research Center of Animal Probiotics, College of Animal Science and Technology, Jilin Agricultural
University, Changchun 130118, Jilin Province, China

Abstract: The studies on lactic acid bacteria as live vehicles for expression and display of heterologous proteins or
antigens have gained great progress in the past decades. Recently, a novel display system called Bacterium-like
particles was designed and described. This system is based on nonliving and non-genetically modified
gram-positive bacterial cells, generally the innocuous bacterium Lactococcus lactis pretreated by hot acids. The
peptidoglycan-binding domain of lactococcal AcmA protein has been used as the protein anchor for heterologous
surface display of various proteins on lactic acid bacteria. Compared to the living lactic acid bacteria,
Bacterium-like particles have a higher binding capacity, safety, delivering efficiency, and less anticarrier response.
They have been widely used in the development of mucosal vaccines and adjuvants, purification of viral antigens,
and preparation of biocatalysts. In this review, we focus on the construction, unique advantages of Bacterium-like
particles, and successful application in many fields. Finally, we will discuss the broad application prospects and

problems to be solved in the nearly future.
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