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Figure 1. Model of OMVs production. Bacterial outer
membrane structure is bulging to form vesicles, which
includes pathogen-associated molecular patterns
(PAMPs), such as outer membrane protein, periplasmic
material and phospholipids.
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T OMV st & 21 SRS 8 LA K Jil i 2
F, ToAariE T, HRRARUh RS i RS, 7
AR PSR OV, B LA EATTREREVE S B 47 Ay
ThAESE IR R 25 BE i (Neisseria meningitidis) BRE
OMVs¥E i 2 I F]F, HTOMVs, Tip;H
il A% Y Ph B BE OB 98 T AR e A7 et
TFEOMVsEE R BAE R 1. EREML e
BT AOMVsEER, A TLAFES) T fFOMVsHil
AR 7 H G g N 28 ML, BT DA T R FRATTXS
OM Vg S I e b 2 A 7 — A .
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B 9 R AH G o 7 (PAMPs, pathogen-
associated molecular patterns)Je&—Fh#% 5 F LAY
G545+, HOMVsHAME . LPS. A535.
RIE A B4R 8 TPAMPs . PAMPs 2k 4=
Yior¥-, e LE— RSB IHAZ/APRR (pattern
recognition receptors) I 45 G TEX L83 T Y RS
X3k, TG B BT L B A4 sk e 5 20 PR Ak I
W AV R A Jun ¥ 2
CLFRFINE A BEK 53 75 A PR S ASSIAT B (Acinetobacter
baumannii) OMVsifs T _I 57 41 ML AR 2 PE 20 it PR -2
PRIk, ZRFEH, L5 HOMVsEFHE
RN 7 Rk Em AR AT 5B I OM Vs,
ZHIFFE FE 53 Ul D 2 R S AT R OM Vs B85 1 7 LU
WA R RN . WA EHE 1 H AR Y
ML . H AT R A A A R G
fIOM Vs A LA o % 5 75 3% M1 9 i 22 W (LPS ) H 35k
TLRAF 538 s, T I B3GR S siE S
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catarrhalis) NBIRTHE . BYIAE N I 4G FBAIAE
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T, RALZERI 4 OMVs T LG N850 5
F R E AL BAIM,  HL3E 3 MIDJE [ ek
FRIOMVs 5 B A= BROM Vs — Z 51 %t s i] LA
75 MIDJE P 78 30 BAH i F2 i s . T
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Figure 2. OMVs interaction with B cells and elicita humoral immunologic mechanism. OMVs express IgD-binding
protein MID which reacts with IgD receptors on the surface of B cells. MID is a 200 kDa outer membrane protein
belonging to the family of secreted proteins and has specific affinity for the human B-cell receptor (BCR), such as IgD
receptor. OMVs are internalized via the lipid rafts formed during the interactions between lipoproteins and TLR2.
OMV-associated DNA could be further recognized by TLR9. Together with TLR2, they activate a signaling cascade
involving MyD88, TRAF6, TAK1, p38 MAP kinase, and NF-kB finally lead to IL-6 secretion and the release of non-

specific antibody IgM.

http://journals.im.ac.cn/actamicrocn



914

Jie Yietal. | Acta Microbiologica Sinica, 2016, 56(6)

1.3 bR N

OMVsH] LU & fa B dn it e, |
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JEi% S, YT TR EOMVs AT DA S0 # 28
ARAHML(DCs)FFAEHEFL LR, AR &
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B EAA RN R AU Ak B =R
W, ()P BEMMA RN, il
TR IR Z B — DR i . (2) fEA]: PRIES
PR RMESRAKR . (3) R—E MLt OMVsH
A5 BN 53 RT3 P S i
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M52 Ja v DR 5 13 OM Vs, 1 H.il
AR TR T B uE e, iy I AR LR
B TR SN 3 ) AT i — 2B i OM Vs,
KIRTHERIOMVs & F R 7 IE A KARET A
SRBEHL R JE B H IOMVs, A1 & 57 38 ) AN IR
PUIR S RKIRKG G . H MNOMVsAE by 388 1 15 7 fii i
R E R RAFRCR LIS, 158 A GO H
B B OM Vs 1 IR R S A 15 1k

EllisZ5 "B 58 4 44 I 2R M B (Pseudomonas
aeruginosa) OMVsHI$§ H OM Vs[4 21 73 X H LA
AAYEHT, SR ICHY A AE S A FL Wik 41 M 2R 2 1 52
B ILPSHY SRR o T L 58 B A B 36 v] LAiFS
TS LP S TSR Y S8 AE S, SRS Y
LPSH DIFER A G5 B W 41 M AH B4R H i
FEFITER

Roier&:U % 30 7 J8 8 14T 7 (Hemophilus
influenza) OMV sifij 5 532 /AT RS DL iFs S 1™
Az 5 R I8 b A % R A VR e e B v, T HL Ut
OM Vi RELR 4/ ]N B B 32 S 5L 1) ik J g I AT T 1)
B XANIEFE A BA A 2430 H 22 28 1 B G AT 1A
(Pasteurella multocida)FJOMV sFI LY = [CHF
(Mannheimia haemolytica) ) OMVs i) 3 [R5 S e 22
/N, SR ERIIR A BOMVsT] DARIE 5 S = A4
R K P AR S e 1 2 R 8 R A TR ey Bl ™, 3
S5 I B A FRATTLAJE AT LU & ZBKOM Vs $E i
RAAEN AR TR PR TR 5 IR 5 | A 95

PetersenZs"* 2 B A1 52 [ 18 (Burkholderia
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OMVsREMS i B A1 X AH G HE 11 IR 2248 1 140 £
PE LR LI PRAS DU B 0 7 e i D g 4 A
IEA Z BN, G 5 T A R B A BlLL
BEL IR FIINAE A B S, X S B R AR B IR TR
OMVslih NRFE it —25
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Table 1. Evaluation of vaccine potential of out membrane vesicles from partial pathogenic bacteria

Species OMVs Antigen Adjuvant Immunization Immunity References
and Route
S. typhimurium ~ Wild type - - Mouse; i.p. Protective immunity  Alaniz et al. *!
S. typhimurium  AmsbB; OmpA::CPV VP2 - Mouse; i.p. Protective immunity [ ee et al, *”
VP2 fusion protein
S. typhimurium  ¥92414fliCAfliB PspA - Mouse; i.n. Protective immunity,  Muyralinath et al. **
IgG, IgA
S. typhimurium  AtolRA PspA, Ply - Mouse; i.n. Protective immunity,  Kuipers et al. *"
IgG
Escherichia Wild type EtpA, CexE, - Mouse; i.n. Protective immunity  Roy et al.
coli (ETEC) LT
Escherichia coli A0mpA SpyCEP, Aluminum  Mouse; i.p. Protective immunity,  Fantappié et al. ">’
Streptolysin  hydroxide IgG
O, Spy0269
Acinetobacter ~ Wild type - Aluminum  Mouse; i.m. Protective immunity, McConnell et al. ©*
baumannii phosphate IgG, IgM
Acinetobacter ~ Wild type - Aluminum  Pneumonia and Sepsis  Protective immunity,  Huyang et al. *”
baumannii hydroxide = mouse models; i.m. IgG
Pseudomonas ~ Wild type - - Mouse; i.n. Protective immunity, Zhag et al. !'*
aeruginosa and AlsaR cytokines
Haemophilus Wild type - - Mouse; i.n., i.p. Protective immunity, Roier et al. &
influenzae IgG, IgA, IgM
Burkholderia Wild type - - Mouse; i.n., s.c. Protective immunity, Njieves et al. "
pseudomallei IgG, IgA
Burkholderia Wild type - - Mouse; s.c. Protective immunity, Nijeves et al. "**
pseudomallei IgG, IgM
Burkholderia Wild type - cpG Rhesus Macaques; s.c. Protective immunity, Petersen et al. >
pseudomallei IgG
Vibrio cholerae Wild type - LPS Mouse; i.n., i.p., i.g. Protective immunity,  Schild et al. ©"
IgG, IgA, IgM
Vibrio cholerae Wild type - LPS Rabbit; oral Protective immunity,  Roy et al. *”
IgG, IgA, IgM
Neisseria Detergent treated OMP - Rabbit; i.v. Betericidal antibodis  Zo]linger et al. *”
meningitidis
Neisseria Wild type LOS Aluminum  Mouse; i.p. Betericidal antibodis  Zollinger et al. "
meningitidis hydroxide
B. pertussis Detoxitied - Aluminum  Mouse; i.n., i.p. Protective immunity  Roberts et al. '
hydroxide
B. pertussis PagL expressed and — - Mouse; i.n. Protective immunity  Agensio et al.
detoxified LOS
Y Y. 45] g~ i
2.2 OMVSERDIE R ZERIA 2.2.1 FIEBEPR: Kesty LI K

OM Vg o — e ALHPKE Hbr b A
W P B R MK I, SRIE R e A
L, s EANM RS R e )N, AT A #
EEPURMEHY ., OMVsH B & 2R, B
AT FARAEFN SN 08 T o LVRE AZ A4 84 3 ) A1 ik A5 41
JEEE T, BREEIT, LPS%, OMVsg Tt AU
ffL, AR 0] g e RG], OMVsH] L
TR S AR, QR SRR, A5 T2
M FIBAN GRE Ly, Ik, OMVsYE R 2
IO EH 2N, B IR RIS,

OMV s LU 75 I 52 3eb S5 PR AMBE 48 F A ) Jot 2
F, AT Rk 251 R B8R BT (Yersinia
enterocolitica) ELK [ Z AR B RZ DIREMI AL H,
JFHHOMVs 515 Efdhss o, 45REW, &
AilEHOMVsHT LIBE A B AN, A
AR FIOMVSIIRREHE A o R, ABAIT SR
POCHE FIE MR, JEH] T OMVsH DLz 28 it
F . Muralinath5"" 5 452 H 40 wioids i S5 98
U ITIRE (Salmonella Typhimurium)¥E B K /)
OMVs, FEHAEHIIE N S8 il R EEEK TR (Streprococcus
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pneumoniae)fE BT IEPspA , N4 I 5 G sig /N AT
DLiZE 3 R B X Psp AR R S M Tg AT AR ELRE AR P
JIN B A2 BOPE M Il A B BRI 1 i, R o A
OMV's & JE UM vl AR i 1720
2.2.2 FIFATEERFEEETRE: OMVsH
== IR B TR A S S8 o B o 2, R I Y Y
AR, SR P EUR B P, L H
MIPTRETH 2% o AR AR L i HLAR B LR AR AN K
TSNz ABFRATAT IR — 2R
TERENL T BRI R | E A L BRSO, Al
OMVstE R A S 2 FIRPT I AT 45

SchroederZs"™ iz 5t 2 41 B F1MIE B J& R i)
H A, ARKG B AR 4078 % 1 & H (AIDA, adhesin
involved in diffuse adhesion)5 |+ & J& HH KMP-
LPLEFEVD T TIREOMVs il & 3eik, #H H
BEVDT TP B4 s KMP-1 IR, H s S sl
S 401

OmpA &P [T IR B KT w S F i 35
PR HZ—, T HH AR5 1) TSN 1 A Rl
Ao KimZEh T BE08 FHOMV sty 22 4 1586 16 45,
A, AR 45K M AT T G 4 25 i A TG L e % il 1)
MsbBEEH FEAIL TLPSHYEEYE, [FIEDR S IEbt RS
OmpAFE [l & ik, WMIHLOMVsiiik R4,
SHOMV sty v AR A LA,

A — ik RGE I Cly ASE R H 5T
S5 AR BN, TS MR8, ClyA
(PR N She ASLHIYE) R F A LK E 1T, Bt
FEOMVsH 4, ChenF ™ HIKIAT HOMVs# ik
AP A S MR A LR CyAs RS &
H, S a5 R R b

A WFFE A B i OM Vs 3% I 42 3238 57 YR P i e
KPR AL B AR BE I P R S A B S (™
i == B AR STRE T B ER RS B AP 9 A TR 3 T Ak
TARZ TAE, Mfi1HF & 5 T 1l 21088 1 B (Hbp,
Hemoglobin protease) () [ 3li5% 1z V- & 44 57 BT
EIBEOMVsRIM, HRMBH 5HF 3 F455,
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FIF R FE AL OMV s &2 38 AR 28 0 SEht . LT
Hbpt-15, M1 R IGAT R OMVs 2B 454% 51
BB I RSERUR™, FHRGEV0 T T R OM Vst
0 R BEER I Psp APy Hi I Y, 45 B0
hbp H sh128 - 43 RENS AU 12 SRR IR 40 T4
SRR R .

2.3 OMVsH TR

H FOMV s TE 4 Jifd 2 1] 1% 3¢ it i 2 4 Yk o
B, WERBENETEOMV s N 2k it 6 H 4 5
FIE S MMV E AR ) R AT A, A8 A HIOM Vs
B PEIRYT IR AE WG W B IR . Gujrati S I3 A
TR B 5 KT B OM Vst 2% 51 Xt 277 il 1A 3K
a3 1 (KSP/Eg5, kinesin spindle protein)f4/N3F
THRNA (siRNA)FE ] R IEHANA" . b Lyt
AR IR 3 2 A R VAR B R 6T 0 s, X Sl
9K Bh 2 1 HE AT A0 AR R A — R R R AL
i, fekE oo BRI i 259 Bir B AN T
G2l . EERE KA AT B A Msb B3 R Bk
Wb T NSRS, FAHCyARHFEOMVs
WRIE AR L AR F 22 (HER2)FEFPER A
A A 00 1) P4 ] 5 g AR VR, [ Ao ot P
FALERTI ASIRNA, 755 H R A U1 BT
WEEMEMEmAERK, BEEN, BIifEN
OMVs H RIFrym szt ik EIEH . Xd2E
RESZIARIE FIOMV s SE VA 7IRIE
2.4 OMVSYEREEHEH)

AP0 & —Fh B A% 1 5 92 1 2H A B R S v A
PER A M —JW IR . R T8 R Al B s
7 SRR RN KA SR, LT A
FLEEZE . KT B AT 440 2 28 S5 1 S 9 B A4
SKAESR G PE S o SR T B W AR A AR — 8
(28 A I R, B 2 B R B BT IR A K
FF BRI AS T AR 384 b 0 590 T i 2 3 v o
ZRRIFAE
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NG KSR 2% S OM VS 1 ) & 78 24 B Rk
i, HBEaE X BN 8L 2 B A A0 i f g% Ik
P, OMVsHE N AR 2 42 (47 579 HLRE S 3k
B BE R o 5T OMVsVE R 328 v 44 751 i AFF 58
HIRZ, R EBEHOMVs S BRE iR A 4
Fifr, AT L 0 6 R 2R G e g i Y i
H, &8G9 kK OMVs5 428 PR ARAR i i 3
FHICHU R TR A Sz /N T USSR LA
Fifr R B D) A 28 I AR AEIEEAES . Aghasadeghi
4O HIVIRG 2R UKL VL Ps 5 BRE N 5 4 75 S5
OMVsiRA Sy /ML, FIHIOMVsZH 73 B fA 57154
L LIS VPSSR REROR , 4 R AL RERS ™
A BT RTHIVAR SR 1gGRTgGadiik . AiiiH -+
o I it IR G B A DR A5 R R W], VLPsh
OMVs IR A e i RE S A 205 FIFN-gamma,
ILAZEANM N T 77 4 . SardifiasZ5: W L 43 55
W IIOMVsY & R TR HBsAgi & J5 S s/
B, 505 O HF R PR HBs A g Xt 41 AH
b, RAHRE ST m K A HBsA g = 1Y
IgA, IgGHLikmy™ 4, Ui OMVsid & —
PG REREAA )

3 HAEMRE

OMV s i PRI oA HAE S o A= i = 52 il 14k 32
R—@E%at, H&2MitsH R r 5 5
BR T AR R WA T 5. FRATTIRE
HEFXTVPT TR OMVsTT @ T —26 T 4E, FRAi147
ARG TTRE . BRI E (Salmonella
enteritidis FIMEEE LD 1 ECH (Salmonella choleraesuis)
FIOMVsHRE/NR, EF X H R AR BRI T G e
P, SRR =R OMV s/ N e
BIRERS PR B AR S PR IgGhL i, b L
FEVDTTIRBE A R VDT IR Y OM Vs REE X /)N Bl
Pt O o R, FRATEHIER T AL 7ED

I IR IR A U A C IR H i BRI CHEH S 1
KA IPIOMV s T e /NI T Boag {95,
GERRM, AR S EIgGIR KRR AR
=, HJH 100065 LD 5o i B 28 BRI 55 J5 A7 16 R
100% o TEXASZEAEREI A T, FROTAM T #—
ek, i S A 22 LSRR B AN B IR
ORI SR IR 15 B Z M OM VS (R &
#)o

RUE KRB HIRE R BHOMVs ] LIE K K1Y
PEVERE, (H LA SR AR AE — SR AT 2240 iy )
B AT OMV sy AL LS H: 5 15 40
HAEFHPLRE AR T T, R el r
OMVsENFEW AN S AFTE—E W FETE. LU
OMV sk LA ) B i AL B A AR K — B 5
BB, BT REETZ TEFRZEM.

(1) OMVs[1yistf& 24 SEhik Ko LA W24 6 i ids
BRI 7 20T A IR anfel 25, oM Vs
iy, OMVsI ™A /EFETT, OMVsUnfa %
PEMBIZZR BT, OMVsEIIE -5 4 TR 43 24 40 i J1 30
A AKEE? FEAr HRFT X L [ B AR A% R F AT
TR FH2E T OM Vs IS 1 SR s S (AL S SE R

(2) FRATTAT LI By — e bR 2 sl Y} B H2 W58
TE R AP AOMVsIHLE], B i
Y TR, AR 5 TFOMVs
HARA &A1k, AR EIH oM Vsl 4
M EARPC R, AR B0 B B s vk LU
Rk S AN Y S P

(3) ZfiOMVstE e, Halifb XL k™
AR O, TR B I KUK B el GEAg r AR
HZOMVs, RIEEZHPUR, DEEIOMVSs
M2t =, i AN R A I B 2 A AN TR Y 5 )
P, 75 24878 OMVSTE 4l B 8 1 Tl i 3 /] A
KR S E, BNOMVsHYREIE IR R HE 20
(A3 15 ML RS HEIE 6 BT
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Abstract: Outer membrane vesicles (OMVs) are vesicle-like structures, widely present in gram-negative bacteria and
even in some gram-positive bacteria. OMVs contain biological active substances and their sizes are normally between
20 to 250 nm. Components of OMVs include lipopolysaccharide, outer membrane protein, phospholipids, DNA, as
well as the periplasmic components produced during their formation. OMVs are non-viable vesicles that contain
multiple antigenic proteins from the bacterial outer membrane, and are capable of activating the immune system,
therefore they are considered to be potential vaccine candidates. Although outer membrane vesicles were discoverd
more than 50 years ago, hardly any reports were published in China. In this review, we summarized the progress of
outer membrane vesicles as a novel strategy for disease prevention and control in two aspects: the mechanism of the
outer membrane vesicle-induced immune response and the advances in OMVs vaccine. This review provides some

information on outer membrane vesicles as vaccine development.
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