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Abstract: Klebsiella pneumoniae is a prevalent clinical conditional pathogen. K. pneumoniae
infection involves a complicated network of pathogen-host interactions. Despite the profound
knowledge about the molecular and cellular mechanisms of this bacterium, studies remain to be
carried out regarding the outer membrane vesicles (OMVs) derived from K. pneumoniae and their
role in bacterial pathogenesis. We summarized the current knowledge on the components of OMVs
derived from K. pneumoniae and reviewed the research progress in the roles of OMVs in the
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survival and pathogenicity of K. pneumoniae.

Keywords: Klebsiella pneumoniae; outer membrane vesicles; biological function; vaccine

fii %¢ e B A 1 (Kl ebsiella pneumoniae, KP)
SRR WAL AR, LR R R
TEGE DNREAR T 2l A JEt B AT . X P
TR eS| K — RGN ARG e, AL AR
& FFMe PR s RE 2 Bk Ah, B4 e TR A
WHAT ZE#EER, IFHaERAKLE
M 251, XA I RIGTT A K T B R Bk

IAESE, WRE K BLAR TR AT LRSI 20 TR 4
Ah/INifd (bacterial extracellular vesicles, bEVs), &
THAFHIARE bEVs AEYEIIRE, MR R
SR IHHAT T2 Hor, 522 [RBAYE R Rk
1 bEVs A A2 R AU R MRS H AT A=,
B FR R A0 B % 9 (outer membrane vesicles,
OMVs)PY, OMVs o] {f h—Fh B Z /Y 5 1 [N F
RARZFAERT, 2R Il -5 Bom PL
PIAREDY, 5 22 [P — A, IR e
HIAFWREE B OMVs, Rk Z 57 I
TE G A MR AR Il 28 vl B (A B e e . A
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AIHEAR T OMVs IIE IEsHE , Jf a2
R T HIIRE, FEATHE T M98 e 5 0 T S Mg
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1 SMEERREBR

522 QB T 4 s 7 A R A s,
TZMAEY s+, KEELNEYIERE, T
YHER B AEAE . B FE . B0 RN B B DL K A e
T 3 8] 0 20 e <2 i 33 B KR .

1.1 OMVs 4B/
OMVs 2 HH Bow Pk FEE BUR A e 4k
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11,15 ig Z ¥ (lipopolysaccharide, LPS). gl
Wile; IR, AR IL 4R BR. DNA . RNA;
A5, G HME S 1 (outer membrane proteins,
OMPs), HEFERE . OMVs 5 ZFh4: # it
FEA G, WARBUS IR . JERUEM . L5 R
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1.2 OMVs HIFBK
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Rk HZF bl fE, lRez 8 2 Fh R 15
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BNy FR AR Bl A P 2R e e 7 o, fH
i J T o M O B 8 A6 %) B VR AR TP L 4 2|
OMVs, XKW OMVs AMULTETL I = 5400 T
PR RIS, OMVs (144 & A T g
FHE T AT

Hur& A o481 OMVs E2H 2 FiIE g
WA B 1 MUESMERIE, BT AL, AR
A G AP 17 BB K Tl A SPBE, A
T AT T B A, 3k SERER IR Bl iR J5T XX
R, TR AR BE LI i A, X —
TR 232 B B FURLRAR IR 26 2 Bl
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K, PNV R L R AN RE (Y KR, AR
TR, WERERRREE 7 SR B 4148, OM Vs,
ICSEE 5 T AT RS,

OMV's M5 HAH BUARIE AT 438 3 Fh2EHY .
HMEBE AL (OMVSs) ,  HY HMIREIE 2 i o 7% Rl ™
He s BBEE A IERE T (explosive outer membrane
vesicles, EOMVs), H#MEZfE o RERB U™ A

2 3R OCE (0w AN R A

Jili & v B AR B AE S — P i WY 22 FRBA
W, WEEr W OMVs., BAWIE KA )ik
WAV R T OMVs B [ 5 Fjg i
2EEE[14'19] ([zl l)o
2.1 ZFEHERERK

Lee SRS AN IR iR LT i 7
TR OMVs, FEXHH T T E A BAH
o, KBS SR A R OMVs A HIAN
[RlHE A 159 B, TR T Mt e & 1

TN AN [ R il A R PN A1 S ¥ (outer inner
membrane vesicles, OIMVs)!'!, 33 86 4 [a] 25 Y
) bEVs BT R/MEML, #HESEATE—E,
D] LG BF 5% B 3 5 AN DX A0 A7 7 ) B 0 25 7R
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Figure 1 The formation and composition of outer membrane vesicles of Klebsiella pneumoniae. The
formation of OMVs of K. pneumoniae depends on the “blebbing” of the outer membrane, which is
double-coated with lipids to form nanovesicles and secrete out of bacteria. These vesicles are enriched in
proteins, lipids, nucleic acids and other components.
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OMVs K& Bl e fit 7 8 2 AR5 . Fan
SEUSVR B 43 89 T R S A OMVs
H, I T AP E B Ao, RG] 3 192 Fh
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FRFU W5 A BGE A OMVs Hf OmpA
A9 RS K B2 8 OMVs B9, KRBT 4
AR AR SR PR R oMV,
2.2 BRFR4ERL

TERT R 5 T5 1A OMVs [ Rg 5t 4H % 7 1
Jasim 25 HREUIR TR A B OMVs [IfIg)5,
IR FHWOAA (033 - R B B % (liquid  chromatograph-
mass spectrometer, LC-MS)¥: 40 #r, 45 &
N, MR HE{AT OMVs S i 3 25 i H b s
B(35%). HENITR(33%) M ARG (20%) 4k, Hik
JEH AR (4%) B (3%) RN BERR (4%); 75
b, T TERE I OMVs &4 31 2 IR

bR T EEABAINERSN, IR EE IR OMVs
HOR B A AL, X SEAK IR AN 57 A A A% IR T 1)
SCR, AT DR AR A T B e E A Ak, A
TR Bk DR R Ak, A 2 A TR Y B O A AR AL
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A #EgEHs iR s B A A 2 8 O Bt s iy ik
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WF R 45 RAALE & T AT M & 5 55 A7
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3 MR FREIMEREE TR

A B8 Y60 VE R 1) 5T B 3 A% 4 1 G B 4%
PRED SR T AN S AN . AN S e R A A
HAEH, WAkZMYige. EMERE, BN
Yoy PR B RY R A6, 725
AEYIRERIE . TEAT 516 F 200, OMVs 2
SRR

Jili R v B AF TR 40 WA ) OMV's 32 31| Z2 Fh A 35
R B2, flan, A 20ssad, SR
e AW A KA, H OMVs 7 s
Bt 2220 X — R R AT, OMVs 7E
it 98 ve B AR T 5 A SR BE B A2 B P AT BB 4R
FEMEM . BHET, 2T MR 5 5 0 5 o R
WD REMF R s T HAE DK 8 . Pk
EXiSINI=E 271 ik ON & WS L E Ay malik (i
(&l 2).

3.1 ERFEKFEER

F 19994 LIK, W54k OMVs A] LI
BEJJFIPUEEE , IR — R R0 B KD P
%% (horizontal gene transfer, HGT) & 4t & 4 4/F
MBI, B, . FeaEE SR ez
WY HGT HLHIPY, KA X EehLH A BT 4n i
WY R 58S, [ FF SR T A e Il 42 ik . 2
WHE A TE EREF . OMVs A5 HGT T HL
T2 — e oA, S s mT DL AR 4P I DR RN BTk
%2 DNA B3, f OMVs BUNA R
HGT #&2,

— i, OMVs feffid s JJ K, Wang
SR YRR T i 98 SRR AT R AT AE (1) OMVs #57
I3 a5 ik A v B A TR e B R DG B BE T R
HEAZ MR, =8 1R s iR A 7# OMVs
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Figure 2 The biological functions of outer membrane vesicles of Klebsiella pneumoniae. Different roles of
OMVs in K. pneumoniae include horizontal gene transfer, delivery of virulence, antibiotic resistance,

immunomodulation, digestion of nutrients and vaccines.
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it 25 B R 0 W6 119 OMVs HEATILEE, MRk AN B
XZFW R A T, I HEA A
KU, XATREEH T OMVs i/ T 52 #ER
i 25 PEAR G B P, Ak, Ciofu PPy
WHE T OMVs HAELET 3% B- N Mt e g
(extended-spectrum beta-lactamase, ESBL), 24
bR T BB 43 W 5 A B A TR KGR OMVs
AR HUR R R e Z il R ED ZHE
20 118 it 4 i B A BT 28 o S 40 o) e B 1 2 R 25 )
SPRIS , RIREC S A TS YT A AT OMVs,
XEe OMVs AILAY BLEISRIE AN, Tie el
EHEFIVEIEDN, 50T DU T HA T 2400
Zhang PR LG EBKE BN OMVs 7] LLE
Tk 5 A Ve 855w R 1 T A 0 T 2 3 TR
oprD 11572 e fr- 47 4 2 Al FJfd 77 (Pseudomonas
aeruginosa, PA). fixit, i BF5Y T AR T 55 0
il 48 50, %5 1A % (carbapenem-resistant Klebsiella
pneumoniae, CRKP) 1 43 5 ) OMVs, & B
OMVs Hr Al 3¢ 1 il 48 v 75 110 1 ik 5 %5 4 i
(Klebsiella pneumoniae carbapenemase, KPC)H]
LUK Z B, UESE T OMVs 76 CRKP YT
2y PR G HEAE T . S S o 2 W 4 T 1
A7 R OMVs Rddam B S xR 1
H, A THEBER AL FE, X
Wik B OMVs I F (1 JE AP RS A — 8 &
T, BATEGUAE ZIG 7 ] By A AR A7 T
AU
3.3 EFBRE-RIRI
BRXLT A e 2 e Em 2, g %
FIH TonB K i 7'k % iz & 1 (TonB-dependent
transporters, TBDTs)** ¥ A £k . 768 & J1 il %
v R R BGE #E ., OMVs BRI TEAE
o BFFE NG SRR BRI Ah S 352 4500
XT3 OMVs UEAT T 22 R 8 1 4l 24453
Br, BRIMAEGERLET OMVs (=3 n, [F]

P15 4k FE BUAH & 10 2 1 R Rk 4 m B, 3 — T
FRW] OMVs 5 5 1 i 48 v 75 11 B 1 a4
RE I Z MAFTEVETEER R, JFA B T3RATT#E— 22
e It 4 e B AT TR P R AR BB
34 HREZIFE

OMVs H 5 A5 4 T 47T Ji FH 45 i [ A4 A5G
41T H52 (pathogen-associated molecular pattern,
PAMP) ] 8 1 F A 1H 71 52 14 (pattern recognition
receptors, PRRs)TFI, M1 565 240 ifd P 5~ 4t
FHAr PR RL, bR 2, AR E
FERERET,

ARSI H, iR SO A OMVs A2x
X EA A B M, (AR RLS R s RGN
P RN S 3 — g5 AR B T G s A O I X 7E il
RILEAE OMVs 4 | Rz 20 it FIE K 41 g
WA BIRPIESE, XSS R A AR i —
AL T 4 5 E A B OM Vs HAT B o0,
Martora 25" F5E & BT 4 7 A OMVs H
A B ORE SN RE T, RE S R B0 IL-8 .
IL-6., IL-1B Fll TNF-a 25 4 5E K 1 1) 3k g 25 1
. BEFS, AMATEESE TR EE T AR v 0
OMVs JEZififl miRNA PR RIS A 3 15 0 5L
A, &L miRNA FRikisd k4 TR,
WA RB, IR A 5 W
OMVs fg i i NF-xB 15 5428 306 1L-8 [ 7=
A — R R R TR T E A T A
OMVs 0 1 FE 40 ML S RE SN, AT FE e
UL RN v W | o N G P U RN (LB A e
42, CRKP & ZH) OMVs, Jf &R
1 GroEL (—F 60 kDa F#K 72 2 1) Y ik,
XFPAS AL 2 fiE 0F B R4 fL X OMVs A I,
glERMET, FFRERIE R A0ML +, DA Jel
SAEP . FERPIRIG X e RE 1 B A A R
/N B Tl i 1 0 8 e TR A T OMVs 2 3
iR 6 I F IL-6. IL-8 Fl TNF-o0 /K F-FF 51,
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X BB B 5 25 AN R T i R v AR B
OMVs 7EJ& Ui B /R AL, 5818 T
OMVs fE R —Fh BB IR R, i s o
R ARUIE SN IR AE S I A 5 i JE g () kg o R
[PAIRE RN 8 = SER o et S o 32
] 77 42 9 OMVs A ZH WG AT RE 5 7E 35 77 A v = A=
) OMVs M4 BAAAE i 25 25 7 o

4 FFRTEEESMNERRAER
A RION N

M TIEFEEH, OMVs HE&HEZ I,
i R FRAR A e i . O, OMVs IR
I R A HE G Sy 2 0 5 B B9 0 4 ) B AR
£, XM ENTELS 8 B 4. Hik,
OMVs & H Z Fi e 8% FIBHLAAR 50 55 S0 1 1%
g, HAHERNES EN MR, wik T
BB ARG . R, RRACTIE AR
OMV's ¥ i (2 2 M B 120

TE B 16 il 98 v B 0 TR R T, R ¢
SE AT OM Vs 15 A i i) A e 95 1 2 2
WFFE RO . PR R, EL A RS A
S T - 1 B s = v I T | S )
OMVs, Ff-3d 2 Ji5 J5E PN 3288 758 2 P 3 I 5 i A 7Y
N, AI51 % OMVs i iR A=A y T4
R0 T A, AT B ORI AR TR 5 i B
T BRI, S —EE kB, WA RE NTE
SHIt R e B A B OMVs A BE2x 51 & il s FRAR
fb, XHZ AN, sk, B
) OMVs f77E R 3557 1 22 T g by e PR AR Y
[, X AE— R BRI T N FRCR .
e, TR AR SO AT OMVs 1Y i i 1
KASEE, XA T I8 Y 0 s R B

Wu ST — Rl A g, R4
i A OMVs 54 [ML3 F 25 F (bovine serum

albumin, BSA)45 G, il —FE5MiaE . K
/NE]—) BSA-OMVs HKFERT . X FPEH A AL
RE (i 1 R S R A0 M 1) S fL AL 4, MBS 3
MHC-II, CD40, CDS80 Fl CD86 5 5 LA i &
PR RE . AEERIMATEH, 4 BSA-OMVs
HPESG , BOEHIE CRKP JEYL /N BAETE 2
FARE, BN TIRBEH 05R K O R ROR
FEFRATBFFE R & R B 3 il 4 e B A1
WL E R, R B I T o A=
FEY(I (bacterial biomimetic vesicles, BBVs), iX
46 BBVs JLT- AN 240 0 240 b PN B 1 s R
it HIG R E A . s sci ., BBVs
B 7 A A TR 4 5 ARV 2 R0 A4 L 928
N, PR SRR R, B S A A4
B B fup 0T X BRI T 45 R R T R T A
OMVs TEEW T K HIE R 1. B —F
R R R L7, OMVs 45 1] Bl TR FiA
I T AR e B AT R IR e BRI 1 SR . SR,
TG VAL AR R R AT, T B
— 0 M F 9 ok 36 I LA AN (] JEk e A TR A ) i
B HRAGT AR 008 N A P

5 ReEfEE

AT A A X6 il 4% i 1 T A1 I Y P F T AE
AW, I H PP T AR A AL A e
PR R . XLEBETE RN, AR A7
MBORALE] KA E R . SR, HATdR
B OMVs MG 03, i T m Bk
Ho 5%, MELAE 2 IR RDT SR . I,
HENT — R R OMVs 43 B 4R U 1 il
2. [mE, XFF MR e & A OMVs [
IRERTI¢ T B4 TR AR M 25 U5 1T, BT AT o Bt
—&

5, MR v A OMVs 7EAE Y EIE il
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i R SO FR AT OMV's #5717 RYIR M£ W) 5, AL IE T
RIS N AT RN, BEASHE R B 32 I TR
BRo BRI, JRAR B A 5 KR RE D 5 7%
e PV AL B A5 4 b e A 3 o AT A 0k — 2B
WhFE. LAt IR A, H AT Gk
SEG R FLFEAATE OMVs HIRLEE B35 5 T R
iE KLV o

R, AR BIIFTENLIRASRT T 2 58 8
A OMVs TEANEIA], DL AT 5 1 3 | A AH
HAEM, A BT A B R AL, A
ﬁﬁ#ﬁﬁﬁ%ﬁ%%%%i%%ﬁ%ﬁi%
YL I, %%ﬂ%xﬁ*ﬁ!OMWWﬁ
PE T K e, BT — SRR AL
SRR IR <57 TRT AT AE A A

REFERENCES

[1] GUERRA MES, DESTRO G, VIEIRA B, LIMA AS,
FERRAZ LFC, HAKANSSON AP, DARRIEUX M,
CONVERSO TR. Klebsiella pneumoniae biofilms and
their role in disease pathogenesis[J]. Frontiers in
Cellular and Infection Microbiology, 2022, 12: 877995.

[2] ZHANG YW, JIN LY, OUYANG PW, WANG Q,
WANG RB, WANG J, GAO H, WANG XJ, WANG H,
NETWORK CCR E. Evolution of hypervirulence in
carbapenem-resistant Klebsiella pneumoniae in China:
a multicentre, molecular epidemiological analysis[J].
The Journal of Antimicrobial Chemotherapy, 2020,
75(2): 327-336.

[3] WEN MH, WANG JY, OU ZH, NIE GJ, CHEN Y, LI
M, WU ZW, XIONG SD, ZHOU HW, YANG ZF,
LONG G, SU JC, LIU H, JING YY, WEN ZK, FU YX,
ZHOU TL, XIE H, GUAN WD, SUN X, et al. Bacterial
extracellular vesicles: a position paper by the microbial
vesicles task force of the Chinese society for
extracellular vesicles[J]. Interdisciplinary Medicine,
2023, 1(3): €20230017.

[4] XIE JH, HAESEBROUCK F,
VANDENBROUCKE RE.
vesicles: an emerging avenue to tackle diseases[J].
Trends in Microbiology, 2023, 31(12): 1206-1224.

[5] CARUANA JC, WALPER SA. Bacterial membrane

vesicles as mediators of microbe-microbe and microbe-

van HOECKE L,

Bacterial extracellular

host community interactions[J].  Frontiers in

Microbiology, 2020, 11: 432.

[6] AVILA-CALDERON ED, RUIZ-PALMA MDS,
AGUILERA-ARREOLA MG, VELAZQUEZ-
GUADARRAMA N, RUIZ EA, GOMEZ-LUNAR Z,
WITONSKY S, CONTRERAS-RODRIGUEZ A. Outer
membrane vesicles of gram-negative bacteria: an
outlook on biogenesis[J]. Frontiers in Microbiology,
2021, 12: 557902.

[7] Del’ANNUNZIATA F, Del’AVERSANA C, DOTI N,
DONADIO G, dal PIAZ F, IZZO V, de FILIPPIS A,
GALDIERO M, ALTUCCI L, BOCCIA G,
GALDIERO M, FOLLIERO V, FRANCI G. Outer

Klebsiella

pneumoniae are a driving force for horizontal gene

membrane  vesicles  derived  from
transfer[J]. International Journal of Molecular Sciences,
2021, 22(16): 8732.

[8] JALALIFAR S, MOROVATI KHAMSI H,
HOSSEINI-FARD SR, KARAMPOOR S, BAJELAN B,
IRAJIAN G, MIRZAEI R. Emerging role of microbiota
derived outer membrane vesicles to preventive,
therapeutic and diagnostic proposes[J]. Infectious
Agents and Cancer, 2023, 18(1): 3.

[9] VILLAGELIU DN, SAMUELSON DR. The role of
bacterial membrane vesicles in human health and
disease[J]. Frontiers in Microbiology, 2022, 13: 828704.

[10] AVILA-CALDERON ED, ARAIZA-VILLANUEVA
MG, CANCINO-DIAZ JC, LOPEZ-VILLEGAS EO,
SRIRANGANATHAN N, BOYLE SM, CONTRERAS-
RODRIGUEZ A. Roles of bacterial membrane
vesicles[J]. Archives of Microbiology, 2015, 197(1):
1-10.

[11]JUODEIKIS R, CARDING SR. Outer membrane
vesicles:  biogenesis, functions, and issues[J].
Microbiology and Molecular Biology Reviews: MMBR,
2022, 86(4): ¢0003222.

[12] DEVOE IW, GILCHRIST JE. Pili on meningococci
from primary cultures of nasopharyngeal carriers and
cerebrospinal fluid of patients with acute disease[J].
The Journal of Experimental Medicine, 1975, 141(2):
297-305.

[13] TOYOFUKU M, NOMURA N, EBERL L. Types and
origins of bacterial membrane vesicles[J]. Nature
Reviews Microbiology, 2019, 17: 13-24.

[14] LEE JC, LEE EJ, LEE JH, JUN SH, CHOI CW, KIM SI,
KANG SS, HYUN S. Klebsiella pneumoniae secretes
outer membrane vesicles that induce the innate immune
response[J]. FEMS Microbiology Letters, 2012, 331(1):

17-24.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RNE F | AR EAREIMNRERARAR

3325

[15] FAN FF, WANG JQ, CHEN H, WEI L, ZHANG Z.
Isolation and protein MdtQ analysis of outer membrane
vesicles released by carbapenem-resistant Klebsiella
pneumoniae[J]. Microbial Pathogenesis, 2023, 183:
106325.

[16] LUCENA ACR, FERRARINI MG, de OLIVEIRA WK,
MARCON BH, MORELLO LG, ALVES LR, FAORO
H. Modulation of Klebsiella pneumoniae outer
membrane vesicle protein cargo under antibiotic
treatment[J]. Biomedicines, 2023, 11(6): 1515.

[17TMARTORA F, PINTO F, FOLLIERO 'V,
CAMMAROTA M, Del’ANNUNZIATA F,
SQUILLACI G, GALDIERO M, MORANA A,
SCHIRALDI C, GIOVANE A, GALDIERO M,
FRANCI G. Isolation, characterization and analysis of
pro-inflammatory potential of Klebsiella pneumoniae
outer membrane vesicles[J]. Microbial Pathogenesis,
2019, 136: 103719.

[18] WANG ZX, WEN Z, JIANG M, XIA FF, WANG M,
ZHUGE XK, DAI JJ. Dissemination of virulence and
resistance genes among Klebsiella pneumoniae via
outer membrane vesicle: an important plasmid transfer
mechanism to  promote the emergence of

Klebsiella
pneumoniae[J]. Transboundary and Emerging Diseases,
2022, 69(5): e2661-¢2676.

[19] JASIM R, HAN ML, ZHU Y, HU XH, HUSSEIN MH,
LIN YW, ZHOU QT, DONG CYD, LI J, VELKOV T.

Lipidomic analysis of the outer membrane vesicles

carbapenem-resistant hypervirulent

and-resistant
Klebsiella pneumoniae clinical isolates[J]. International
Journal of Molecular Sciences, 2018, 19(8): 2356.

[20] CAHILL BK, SEELEY KW, GUTEL D, ELLIS TN.
Klebsiella pneumoniae O antigen loss alters the outer

from paired polymyxin-susceptible

membrane protein composition and the selective
packaging of proteins into secreted outer membrane
vesicles[J]. Microbiological Research, 2015, 180: 1-10.

[211AYTAR CELIK P, DERKUS B, ERDOGAN K,
BARUT D, BLAISE MANGA E, YiLDiIRIM Y,
PECHA S, CABUK A. Bacterial membrane vesicle
functions, laboratory methods, and applications[J].
Biotechnology Advances, 2022, 54: 107869.

[22] ZHANG XT, QIAN CR, TANG MR, ZENG WL,
KONG JC, FU C, XU CQ, YE JZ, ZHOU TL.
Carbapenemase-loaded  outer vesicles

Pseudomonas aeruginosa by degrading

membrane
protect
imipenem and promoting mutation of antimicrobial

resistance gene[J]. Drug Resistance Updates: Reviews

and Commentaries in Antimicrobial and Anticancer
Chemotherapy, 2023, 68: 100952.

[23] YE C, LI WR, YANG Y, LIU QW, LI SJ, ZHENG P,
ZHENG X, ZHANG Y, HE JR, CHEN YJ, HUA LQ,
YANG ZQ, LI D, REN ZL, YANG Y, QI JL, HUANG
WW, MA YB. Inappropriate use of antibiotics

through OMV-induced
pyroptosis in MDR Klebsiella pneumoniae infection[J].
Cell Reports, 2021, 36(12): 109750.

[24] KOLLING GL, MATTHEWS KR. Export of virulence
genes and Shiga toxin by membrane vesicles of
Escherichia coli 0O157: H7[J]. Applied and
Environmental Microbiology, 1999, 65(5): 1843-1848.

[25]HALL RJ, WHELAN FJ, MCINERNEY JO, OU YQ,
DOMINGO-SANANES MR. Horizontal gene transfer
as a

exacerbates inflammation

source of conflict and cooperation in
prokaryotes[J]. Frontiers in Microbiology, 2020, 11:
1569.

[26] SCHWECHHEIMER C, KUEHN MJ. Outer-membrane
vesicles from Gram-negative bacteria: biogenesis and
functions[J]. Nature Reviews Microbiology, 2015, 13:
605-619.

[27]HUA YN, WANG JY, HUANG M, HUANG YY,
ZHANG RY, BU F, YANG B, CHEN JJ, LIN XM, HU
XM, ZHENG L, WANG Q. Outer membrane
vesicles-transmitted virulence genes mediate the
emergence of new antimicrobial-resistant hypervirulent
Klebsiella pneumoniae[J]. Emerging Microbes &
Infections, 2022, 11(1): 1281-1292.

[28]LI P, LUO WY, XIANG TX, JIANG YH, LIU P, WEI
DD, FAN LP, HUANG S8, LIAO W], LIU Y, ZHANG
W. Horizontal gene transfer via OMVs co-carrying
virulence and antimicrobial-resistant genes is a novel
way for the dissemination of carbapenem-resistant
hypervirulent Klebsiella pneumoniae[J]. Frontiers in
Microbiology, 2022, 13: 945972.

[29] TANG B, YANG AW, LIU PL, WANG ZQ, JIAN ZJ,
CHEN X, YAN Q, LIANG XH, LIU WE. Outer
membrane vesicles transmitting blaypy.; mediate the
emergence of carbapenem-resistant hypervirulent
Klebsiella pneumoniae[J]. Antimicrobial Agents and
Chemotherapy, 2023, 67(5): e0144422.

[30] CHEN LJ, JING XP, MENG DL, WU TT, ZHOU H,
SUN RL, MIN XC, LIU R, ZENG J. Newly detected
transmission of blagpc., by outer membrane vesicles in
Klebsiella pneumoniag[J]. Current Medical Science,
2023, 43(1): 80-85.

[31JHUSSEIN M, JASIM R, GOCOL H, BAKER M,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3326 WA

FiE Rk

Microbiol. China

THOMBARE VJ, ZIOGAS J, PUROHIT A, RAO GG,
LI J, VELKOV T. Comparative proteomics of outer
membrane vesicles from polymyxin-susceptible and
extremely drug-resistant Klebsiella pneumoniae[J].
mSphere, 2023, 8(1): e0053722.

[32] CIOFU O, BEVERIDGE TJ, KADURUGAMUWA ],
WALTHER-RASMUSSEN J, HOIBY N. Chromosomal
beta-lactamase is packaged into membrane vesicles and
secreted from Pseudomonas aeruginosa[J]. The Journal
of Antimicrobial Chemotherapy, 2000, 45(1): 9-13.

[33] MARTINEZ MMB, BONOMO RA, VILA AJ,
MAFFIA PC, GONZALEZ LJ. On the offensive: the
role of outer membrane vesicles in the successful
dissemination of new Delhi metallo-f-lactamase
(NDM-1)[J]. mBio, 2021, 12(5): e0183621.

[34] YAO LF, WEI BW, WANG YX, XU BH, YANG M,
CHEN X, CHEN FX. A critical role of outer membrane
vesicles in antibiotic resistance in carbapenem-resistant
Klebsiella pneumoniae[J]. Annals of Clinical
Microbiology and Antimicrobials, 2023, 22(1): 95.

[35]NOINAJ N, GUILLIER M, BARNARD TJ,
BUCHANAN SK. TonB-dependent
regulation, structure, and function[J]. Annual Review
of Microbiology, 2010, 64: 43-60.

[36]LAN Y, ZHOU M, LI X, LIU X, LI J, LIU WE.
Preliminary investigation of iron
hypervirulent Klebsiella pneumoniae mediated by outer
membrane vesicles[J]. Infection and Drug Resistance,
2022, 15: 311-320.

(371 B, BT, F#F, SR, FHEMR, £45
20 T AP Y A BT MR IR YT 5 T R WIS E R (],
[l A=) TR 2R 3, 2022, 42(5): 100-105.

MAO LJ, SHI EY, WANG HP, SHAN TH, WANG YS,
WANG Y. Research progress of bacterial outer

transporters:

acquisition in

membrane vesicles in anti-tumor therapy[J]. China
Biotechnology, 2022, 42(5): 100-105 (in Chinese).

[38] YOU HS, OK YJ, LEE SH, KANG SS, HYUN SH.
Changes in gene expression in human epithelial and
mast cells in response to vesicles from Klebsiella
pneumonia ATCC 13883[J]. Indian Journal of
Microbiology, 2019, 59(2): 241-245.

[39] Del’ANNUNZIATA F, ILISSO CP, Del’AVERSANA
C, GRECO G, COPPOLA A, MARTORA F, dal PIAZ
F, DONADIO G, FALANGA A, GALDIERO M,
ALTUCCI L, GALDIERO M, PORCELLI M,

FOLLIERO V, FRANCI G. Outer membrane vesicles
derived from Klebsiella pneumoniae influence the
miRNA expression profile
epithelial BEAS-2B cells[J]. Microorganisms, 2020,
8(12): 1985.

[40] LI P, PENG TX, XIANG TX, LUO WY, LIAO WJ,
WEI DD, LUO S, HE ZY, LIU P, ZHANG W, LIU Y.
Klebsiella pneumoniae outer membrane vesicles induce
strong IL-8 expression via NF-«B activation in normal

cells[J].
Immunopharmacology, 2023, 121: 110352.

[41] ZHANG J, ZHAO JX, LI JX, XIA Y, CAO J. Outer
membrane vesicles derived from hypervirulent Klebsiella

in human bronchial

pulmonary bronchial International

pneumoniae stimulate the inflammatory response[J].
Microbial Pathogenesis, 2021, 154: 104841.

[42] BRER, ZE0KTT, REH, R, XFE, HRIUNK,

6] KOME. AR AMBEREV: BRIRTT BBTIRAR[)]. 247
24, 2021, 56(12): 3441-3450.
QIU XH, LI YJ, WU JY, CAI JX, LIU JH, XU WIJ,
XIANG DX. Bacterial outer membrane vesicles: a new
approach to diseases therapy[J]. Acta Pharmaceutica
Sinica, 2021, 56(12): 3441-3450 (in Chinese).

[43] LEE WH, CHOI HI, HONG SW, KIM KS, GHO YS,
JEON SG. Klebsiella
pneumoniae-derived extracellular vesicles protects

Vaccination with

against bacteria-induced lethality via both humoral and

cellular immunity[J]. Experimental & Molecular
Medicine, 2015, 47(9): e183.

[44] ASSONI L, GIRARDELLO R, CONVERSO TR,
DARRIEUX M. Current stage in the development of
Klebsiella pneumoniae vaccines[J]. Infectious Diseases
and Therapy, 2021, 10(4): 2157-2175.

[45] WU GX, JI HY, GUO XY, LI YY, REN TB, DONG
HQ, LIU JX, LIU YQ, SHI XY, HE B. Nanoparticle
reinforced bacterial outer-membrane vesicles
effectively prevent fatal infection of carbapenem-
resistant Klebsiella pneumoniae[J].
Nanotechnology, Biology, and Medicine, 2020, 24:
102148.

[46] L1 WR, HU Y, ZHANG QS, HUA LQ, YANG ZQ,
REN ZL, ZHENG X, HUANG WW, MA YB.

Development of drug-resistant Klebsiella pneumoniae

Nanomedicine:

vaccine via novel vesicle production technology[J].
ACS Applied Materials & Interfaces, 2021, 13(28):
32703-32715.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


