[DEXyESI

Acta Microbiologica Sinica

2022, 62(5): 1613-1628
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210582

Review BEEEEEYS

R L T

1 HERMRETTIE S IR pe, R M 350002

2 W ERF BT ARG T, TS S R SR, R JE T 361021
3 hEBEERE RS, JEaT 100049

4 [EHF AR AR 2SR G, dEET 100190

BT, wmEsAE. AN RSN AT SRR, AR, 2022, 62(5): 1613-1628.
Huang Haining, Huang Qiansheng. Research progress on extracellular vesicles of bacteria. Acta Microbiologica Sinica, 2022,
62(5): 1613-1628.

W  E. Jesh b (extracellular vesicles, EVs)Z A AR T @mieA &iEshey =4, L—F O EMS
B, &G, BEFSTHARBBREA ST EHA. LH5K, ARMS GAHRIEE @A T A5k
EVs Y A A T AL B R0 F4, N A EG o ae; b, EVs BAaLEFART. @ien
@i, NFAAKFEHS, Shfel TR, REAYEOH R T LIEETEZERH. B, EVsaf
A RFBRAREA + TR ER . KXEAET @E EVs B ARMA] . REBRAELE 75, BR
EVs oty B &%, TEELT EVs AN FHRUARERZIAFARG AR LA, A EVs t9it
—FHRRESF .

KR s, mierdEn; KFARES, FHRTF

HEWH: ERELSMAITR(2018YFE0103300); FEZK AR HIE 4 (42177362); IR IERBL A SR 5008 Ho0 38
S5 A e SR RERCR A2 (NBSDC-DB-21) ;i@ 45 F AABFA R G 78 1 95 4R 42.(2021701310650)

Supported by the National Key Research and Development Program of China (2018YFE(0103300), by the National Natural
Science Foundation of China (42177362), by the National Basic Science Data Center “Environment Health DataBase”
(NBSDC-DB-21) and by the Natural Science Foundation of Fujian Province for Distinguished Young Scholars
(2021J01310650)

*Corresponding author. Tel/Fax: +86-592-6190542; E-mail: gshuang@iue.ac.cn

Received: 29 September 2021; Revised: 30 November 2021; Published online: 14 December 2021



1614

Huang Haining et al. | Acta Microbiologica Sinica, 2022, 62(5)

Research progress on extracellular vesicles of bacteria

HUANG Haining"**, HUANG Qiansheng"***

1 College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian,

China

2 Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of

Sciences, Xiamen 361021, Fujian, China

3 University of Chinese Academy of Sciences, Beijing 100049, China
4 National Basic Science Data Center, Beijing 100190, China

Abstract: Extracellular vesicles (EVs), the products of cell life activities, are the nanoscale

phospholipid bilayers encapsulating nucleic acids, proteins, lipids and other molecules. A growing

number of studies have demonstrated that EVs can be secreted by bacteria as “bait” for antibiotics and

phages to perform defense functions. In addition, EVs play a role in the delivery of virulence factors,

cellular communication, horizontal gene transfer, nutrient and electron transfer, and biofilm formation.

Therefore, EVs are essential for organism individuals and communities. Here, we review the formation

mechanism, extraction and identification methods, and the factors that influence the secretion of EVs.

We focus on their biological functions and the research progress in the environmental field to provide a

reference for relevant studies in the future.
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Figure 1

Hypotheses of different types of extracellular vesicle formation pathways!'“.
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Table 1 Advantages and disadvantages of methods used for isolate of bacterial EVs
Methods Advantages Disadvantages References
Ultracentrifugation Simple operation; suitable for Instrumentation dependent; long lasting [16]

large sample volumes
Density gradient High purity
ultracentrifugation

Size exclusion Simple operation

chromatography
Precipitation

for large sample volumes
Affinity High purity
chromatography

Complex operation; low recovery rate

Simple and economical; suitable Low separation efficiency; low purity

[17-18]

Long lasting; not suitable for large sample volumes [17,19]

[20-21]

Expensive; not suitable for large sample volumes  [22]
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Table 2 Factors that affect the secretion of EVs
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4.1 A& EVs BB HEITH &g
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BRI — Rl B AL . EVs BT LASS S b
REVIRHYIR., BRI, N4 amaEknE
(S. aureus) i FFW P IREA EVs A LIS IAFEE
% (daptomycin, — MR IHTAER)E A, M
Ry A ez dik R, dikRiBSr-4
) EVs &2 T9F M MIER, A B4 4
75, Manning 2k FLZ K H R B MK H R (£
RSP AE RSB KT AR EVs, EVs b
e 308 3 R BT BRI, DT S B B RO 4 T Y
FAE RO, BUE KT LIGE A LPS BB A X
B, X BRHAR AT RE S T 5 EVs #5451 LPS
gham kAR YL E R AR EREN RS
EVs Z5AMPIHEYIT, JERUSr )2 URL 25 44 T
T T EVs 85 G IREEY R NEE S, A RBEE T
FMPE—HTEA, EVs RESS A T H Y i B
SAWIEK

LB R TELRERHFERR, WEiR
BB, 2R R A S5 S5 K 2
B RETS = R EVs, HEIIIX 28 EVs REFEAR
KB R

Impact factors Bacteria Results References
pH Salmonella enterica An environmental change induced greater OMVs [16]
production and increased OMVs diameter
Oxygen Pseudomonas aeruginosa Under denitrifying condition, P. aeruginosa produced a [18]
considerable amount of MVs
Nutrition Pseudomonas putida, Nutrient levels affected the production of EVs and more [30-32]
Helicobacter pylori, EVs produced by bacteria under iron limitation
Mycobacterium tuberculosis
Temperature Pseudomonas putida The amount of EVs secreted by the bacteria increased after [33]

exposure to 55 °C

Antibiotics stress  Staphylococcus aureus,

Escherichia coli

The production of EVs was increased under antibiotic

[34-35]

stressed conditions
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Figure 2 The diverse biological functions of extracellular vesicles.
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R RBH W AR FEGE NN TFZ—, LT %R
fLF BVs BWNERFISN, IFBAT AW TErE, o
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I 20 i & AR AR B W RB S B IR I b K
1 AR 5T OF 4 00 4 it B8 M Tk R R
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EREANM R M1 #Ak, Jfad 0% FADD-
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AR TR 43 W8 1 BV R -5 1 3 20 i
AR LE G, R A 2 A EE ) I
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£15% OmpA, & (N T), BEA 18 T4
i (Hfﬁiﬁ 20 ML A549) 2k R A i 20 20 M 2
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flt b, ATt — L
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431 BEREFE
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B SR B B 43 6 Y EV's 3 5 28 1% i R ST 7K A
Tit , 63 itk JOR SR LA A SE 8 2% PR B R4 22 PGP
PR, kA A AR EVs,
T M BE T, - - PN 22 PR Tt JHg Iy, B 0% 308 3 e At K
M AR TEABITAN T, Vs 17 8 Al 7 43 I 5
Ve TR P BRI LS 1) EVs, TR FEH A 3 e ik B>
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Table 3  Extracellular vesicles carry multiple virulence factors

Virulence factors Bacteria References
ClyA Escherichia coli and enterobacteria [50]
Heat-labile enterotoxin Enterotoxigenic Escherichia coli [54-56]
Cytolethal distending toxin (CdtA, CdtB and CdtC proteins) Campylobacter jejuni [57]
B-lactamase, alkaline phosphatase, hemolytic phospholipase C, and Cif =~ Pseudomonas aeruginosa [59]

OmpA ap Acinetobacter baumannii [60]
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Figure 3 Micro-organisms can evolve through four major mechanisms of HGT: natural transformation,

conjugation, transduction and vesiduction'’¥.
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x4 MINEBNSERKTER

tuberculosis) ;W) EVs &8 AR HE 2, 298
FETE R AR A A T SRR SR 3 RSO T 0 A=
KB T 12 2 48 R IR ISR 4% B TR (Neisseria
meningitidis) 53 WK EVs #i7 F F k454 Fk
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AR AR AR LS . BFE kB, AR TR AERR
W (Streptococcus mutans) Bl ) EVs £ &% eDNA
FURS B EE 11, A R B S AP B IE B,
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TR, AREIE EVs 2043 % A= 9 i 5 T2 Al

Table 4 Extracellular vesicles mediate horizontal gene transfer

Transformation

Genes/Plasmids Donors Recipients References
frequency

B-lactamase gene  Acinetobacter baylyi JV26 Escherichia coli DH5a 3x107* [46]

blaOXA-24 Acinetobacter baumannii Acinetobacter baumannii ATCC - [76]
AbH120-A2, AbH120-CU3 17978

blanypm-1 Acinetobacter baumannii A_115  Acinetobacter baumannii ATCC 19606 107°-107¢ [77]

aac(6')-Ib-cr genes Escherichia coli IM109

fimA gene Porphyromonas gingivalis 49417 Porphyromonas gingivalis 33277 1.9x1077 [78]

plasmid Buttiauxella agrestis Buttiauxella agrestis - [79]

pBBRIMCS-1 CUETM77-167/pBBR1IMCS-1

blaCTx_M_15 blaTEM_l Escherichia coli 104:H4
gfp gene Escherichia coli O157:H7

Enterobacteriaceae
Escherichia coli IM109

7.9x10°%-2.8x107 [80]
3x10710 [81]

http://journals.im.ac.cn/actamicrocn
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Figure 4 Transmission electron micrograph of extracellular vesicles from environmental samples

[24,43,88]

EVs isolated from (A) seawater, (B) indoor dust and (C) effluent of wastewater treatment plants. Scale bar:

100 nm.

#5 NEMGPRIIEEEERER

Table 5 Information and function of extracellular vesicles in environmental samples

Environmental . . .

. Mean size/nm Concentration Function References

medium

Seawater - 3.0x10°-6.0x10° particles/mL  Prochlorococcus vesicles can support the [24]
growth of heterotrophic bacterial cultures,
which implicates these structures in marine
carbon flux

Wastewater 125.0 2.0x10° particles/mL Vesicles could have a more active role in the  [43]
context of transmission of antibiotic resistances

Dust 129.6+4.5 (1.1£0.6)x 10" particles/g Indoor dust EVs are potential promoting [88]
agents of cancer lung metastasis

Spring - - EVs play an important role in horizontal gene [90]
transfer and nutrient cycling in extreme
environments

Dust - - Indoor dust EV, especially derived from [91]

Gram-negative bacteria, is a possible causative
agent of neutrophilic airway diseases
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