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Abstract: Extracellular vesicles (EV) are particles with natural nanostructure, which are composed of

biomolecules such as protein and nucleic acid wrapped in a lipid bilayer. EV is a means of cell-free
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communication between cells and affect cell-to-cell communication by transmitting large quantities of
biomolecules, including genetic information. In addition, EV has been associated with many
phenomena, such as immune regulation, intercellular competition, horizontal gene transfer, and
pathogenicity. EVs secreted by Gram-positive bacteria carry a wide variety of compounds that play
important roles in bacterial competition, survival, invasion, antibiotic resistance and infection.
Currently, the studies on bacterial EVs mainly focused on Gram-negative bacteria, and few reports on
Gram-positive bacteria in which the EVs produced by Staphylococcus aureus and Staphylococcus
epidermidis are the most frequently investigated. In this review, the chemical composition, influencing

factors, functions and clinical application of Staphylococcal EVs are summarized.

Keywords: extracellular vesicles; drug carrier; Staphylococcus spp.
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H R TATRE T 40 I 7 8 Y (extracellular vesicles,
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FR) 15 5 40 M58 25— FR 9 S ORI 1 AR WD A DR a3
Tl — ki3, EV i@ 3 N & FH (endocytosis) |
Mg Ik YE A (macropinocytosis) o % Mg /E H
(phagocytosis)# 16 F A1, XA B T4 iE
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HERE R AR FESUR R Z —, s
2 BR R AN R R A A R . B PUAE R AL
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vesicles, & H1 T 40 BB X 40 B T
B2 RBAMEA SR IR EV A 2 FE iRt .
A7 5B Y AR VM A0 R R A, L P A R A I
(outer membrane vesicle, OMV)/& 4R i JE
B, N R R SR, R AL i 5 A A
Ab - N B %% ¥ (outer-inner membrane vesicles ,
OIMV) il 45 ¥k 4 &b B 4& ¥d (explosive outer
membrane vesicle, EOMV) &4 XE1E 41 1 24 /i T
R, EOMV AL & A A0M T a4y #24
FHAMEZ R IE Y EV TE UL A 58 i 4,
A # R BE S NI R 51 & W< sf 40 i st
T-” (bubbling cell death)f 3¢, FEX L FEH =4
2 5 B 2% ¥ (cytoplasmic membrane vesicle,
CMV), S BEMANMEI Y ; — L2273 SORH:
PR M B 4960 (membrane vesicle, MV, B4
WFFE R B B 2 A T A B il — R R B 1Y
EV, B4R BEOR 25 #4 (tube-shaped  membranous
structure, TSMS), J&4% 2 AH4H 20 M 1% 21 i (] 294
KAFU R TR B, BRSNS NS
(International Society for Extracellular Vesicle,
ISEV)#ErE BV VR 4l B AR B ke, th i
JRAUZ GG, AEEE g,

2 EVAREWEZR

21 FEAERHAERNEES
ANEHAEY R IEE EV A E R —E
MI2E5%. Bilhn, F2 RBHMEAE EV &F KR
B B N MR . DNA Fll RNA,
LR BV AR . BiiE . M
FTEE . BEAROCHE I EE . REWRRERR . RRZRME
DNA FlI sSRNAsP!, “RIRI MR EV 41t
BES. B, AUREN, S¥EHERE
EV BN EESS5E FAEA 4 EH ,
AN TF) 45 B €0, 3 A BR AT I R 40 B bk BV 7E78 £
20 6 A0 P R TR R ], X 25 S AT BB SR e

F EV EARAM AR, FHRF. B
W2 515 40 i i s /e U, wT I
WA BRI BVt B9 S Hot o 25
v 22 5% o
2.2 IMREREERERMEM

i) — FRARTEZ HIET IS 1) EV Bt esf
FF 25, Blan, 4 O A BRI TE B THiE
Z JI8 iR (antimicrobial fatty acids, AFA)FJ1E I
T BV ALK, (X AFA i SN I 43
(2R 1102 4 2 O AT BRI BV AL A1,
AT LAHED , EV B 2R R I sg ), ™
i A o s R AR A . ARSI —2P
WEMY, BEETHUAERRYT . SV, R
BRERZ MR . 2PN ER S AR B Bl R N
23520 BV 43K iX R BT EV 7 A mT R
R T e OMERE RS A F B AERK R
—FE B LN ELRRE AR [ R ) A
BRIWTE 30 °C KigR R T4 EV #HE T
37 °C 140 °C Z&AF T A1 EV. 7RSI
BRI = 55 37 5L B £ VR AR T 40 e BE 1 1
TN S E O AREEMHE EmN EV
PRy AHRCHE B I SO v R A 218
RN T & OmEERkE BV i, 5 —
WEFCIER], 2N H & R AT A P ARG i
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aureus , MRSAKIE I EV 7= 5 51 a3 A i 12 1
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1 H H AT K PL, MRSA I Rk 52 T
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FAF T AR XA SR U] T EV 2 —Fho
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O LRI RS, AT 52 M0 7] 70 K BT 1) 22 b A= 4
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HEAANML AR, b I A i v B R AT 1Y
— 84 Wb 18 1% (general secretory pathway, Sec
wR)E Y, BRI, EV BT — R
FR R 1 b A2 . A B 5 R ROA £33 - R K
Fi (LC-MS/MS) X afifb 1Y 4 B (L H A BRI EV
HATE A A, Bt 165 FEEF R,
AR AN MAMEN . 0 REA DG 1
HibEA™, HB—RhRBMFL EV A
A RES S AR 1 o ) HA AR R R 7%, DU GE
FERIE AN A . N SPUERM M E2
BRGh REBURERIF B2 S EV IWAEYE
B AR AL, AT BV SR B A B R
TE oA 225, EV RN I 2 11 0T 14 22 T 5
REBABROEAFRSD, RREIGKEEN EV
EARASAMES, BROEARAASK
AR, B, fEEewEARERESY, 5 EV
A= W6 WA G B AR 1 BTN R B AT R T R
(phenol-soluble modulin, PSM)MHIAZX, & T
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)Y 2 HAA: Wy W Gy SR B 1

WEBKE EV #E R B AT
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P A BE R EV B SCHE, 1T AtLANSEIR EV
i, Atl S5 A MRE Y R R R R sk AT
BRI AR, 2) S aa kT H R
2541 4 (penicillin-binding protein 4, PBP4)
&= PGN IRACHR T L 9 —Fh R ik, PBP4
RAFR S W F L PGN HYZCHL, PBP4 fgif
PGN %2l , M EV 7122, PBP4 4k i 4
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O 2R /W PSM, X J2— 1 HA o 12
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ik, A HA PSMa ik 3¢ 45 4 1 (4.8 2 3K & EV
(4 5 B P2 3k S 3 THT VG 1k AR 8 T R R
AR, ik ME AR, SEudE EV
YRR -

(2) SPUAERMIZMC, M4 Ak
HARAE EV B S HUAE RN G HHOCE - B-I Bt
Ml . R4 AEM(PBP1, PBP2 fil PBP3)
1 AR S 42 )8 )8 #5 F  methionine sulfoxide
reductase R (MsrR)™, Firr, B- Py B g vl LA
fitt B-NIEIERDUER, FHRRGAGENYS B-N
WERE AP R KRGS, 1 MstR 5 H A PO AR
My 25PEA 3¢, ULl EV A3 5 A 24 ] LARY
AT LA RN 250 Blhn, mit2h EV i f
fif PR E HP I U T B R R U AN s 4
WA A KA AR L EV AT DMRAP AR 52
RFEE R (— A B P AE 2R 22 MRSA
BRI BV A0 B-IN IR R, XK
A DG R, AR e A R RS
A A S ST 2R T A L BV XA 3 A
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(3) TEAMRFCILM AN TR . 4 B (A R A BR A
EV iJE AR E1EM, BV MM N-Z i
Tk 5 - - PN 2 I T Jrg 6 ] LA 36 o ol 208 o e
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U 3L 30 W 40 B K N B9 Toll % 32 4 (Toll-like
receptor , TLR)H %] 4 B €5 7 %5 3K 14 >k I 19
RNA Il DNA 4709 & @ ERRE BV
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i EANM A S g SO PO, X Be gy R, s
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T gL s, bR ERE P KL% EV h
iy RNA F4)%F 0T rRNAs F1 tRNAs, 1H&L
K RNA 155 254 N 2 BLAY RNA JEAS AT,
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HWF5EaE THEPUFR(SEQ. SSaAl Fil SSaA2)
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family, pyrin domain containing 3 (NLRP3)# A
5 W5 41 11 caspase- 1 376 22 X EE 2L, (H X TLR2
HS S ONRCHAIE Y. R EV HCIRE
A ST TLR2 {55 7 3 NLRP3 3% (195 50
AT, I HIB I EV ARV & A EV IYEER
T, SECIL-1B. IL-18 Fll caspase-1 %14 A9 2L
AR st 4 B 0 AT ER T EV R OC Y % 11 40
U, LukAB R AT 58 55 & AT 40 A 2 1hT 1Y
6 FZAREE G, TP BCA M, X 2oy
ZERFEW, SWEMWAERE EV HE . BEN
AT RIS DR A A0 R I T A T,
EV 0] LIR30 22 35 B AL 7 Lo AN RSN IR A
KWK, A7 IhaE, sk e e+
M AN RE

4 EV Itk

4.1 BUFRM
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F EV fEAEYBIY B E R C 40 4K
AR RS A E R AR (@) IR
PN AR L Pk R R AP R
BN, 4 8 AR ER A X AFA B85 10 S [ 1 1t
e EV (RHCEINE AFA 3ENY, (5) S
EFET. B, 54 W aBAKE EV XK
FALF R T LIOA AT, (6) WA FHE

filtn, AT PR O A PR IE o IR A0
PER /N, T EV AN o~ 1L 3R 255 E R IE
REI TR 2 9B B R AR AERT ik B S RN AN SR B
A EV X 32 40 M0 B /R R iy i
Ry E A, T H R EV A A S S AT
L3y 66 14 b 2% 380 15 S 20 i
42 ®ERET

G EV R 3240 0 S 6 5 A7 4
YEF . ARded TLR2 {55528, fln,
S ORAIKE EV X\ E W20 A Y S N A
JEE L TLR2 {55 F1 KON s NLRP3 4tk
JMA, T30 ASC (NLR RAE/MAETE caspase-1
B CER 7 TR B caspase-1 ARG, 1t
Hh, WEEEHAIKE EV R ny/N AT R
if TLR2 A D H e 52 B it 4 o (4 49
PRI E R AR, iesh, TLR2 5 Mib
B A AH BLAE R BRI 2F T 4 TR s B, WAk T
240 T b 1 e SO Y EARE , BV P
BT 37 4A H &2 Z B (lipoarabinomannan, LAM)A] [
i CDA™ T 40 A P RE , T I BRE5 4% 0 BUFF TR
T CD4' T 4™, HYFLAF R I EV AT
IZIIE M1 FI M2 B WA Z (B i 24, NI
AL P TR ) v B2 A R A AR AR E P B2 JER i 1 2
R SR gR R, 4 BV AT DME AR
A G 5 15 W) B A A 32 AR 5 R A A ) g
B2, WIREJE EV MGy o ad b ag
I VR A 2 e PR R ke A o S g 1 A

5 KA A

WEPKE EV WG RN H AR5 24
Yt B A R EE T E R R . T EV 1Y
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR AR A B 1 N A BT SRt

369

BB AKEREAR YY), BRI S Wi i BV
Bl UE BH T o 0 200 i PN 4 R 2 BR R A R
BRI R TR 0 B o2k 3R R s s i), A5 55—
WEFEHE s, "TLLET BV SEEUMA 2 Fhak 2 Fh
DL _E A5 W3k 3] Jry 8 v 4 0[] B RS A0 H i
LGP Z P EAE S, S AN, A BRI A]
PR TRA LN S W OEAIKE EV 1E
/N BB, LA RPN B A2 4 B )
BRSO M E R 22802, BRI 5 — T 5%
FW, BT RSTEHEERE EV X/ RS K
BEWFE, IF HAT KA G s 1 .
X AT BB R Sk 2% FG BH 4 40 TR G A R IR 22 b
SEA A, BT LA E A0 EE D U R 2
FCPHPEAN TR BV A 2 [RBAMEAN R BV i &
Vi Ry 255 ) A2 368 3 AR B 3 1 34K
BN EV B IGYY, Al A EV
XA R SR AR AR R E I AR I 25 W) ik RS
Pz FBE I AR R AT 78 1) 3% . A F
5RY], NP@EV (B &M O M%AkH EV B
I ER K ORI BV fef S 72 44 P RN 44 A1 AR L
A EshE e W Wik, EPiA RN
NP@EV 7 8% 4 45 W5 €04 25 BK T 1Y) 10 200 if LA
S 4 B0 7 7 3K TR TR AL AE /) LRSS AR v oA i
J7R0; I BT8O 2 5 T NP@Lipo (g Bk 4
KR FI NP@OMV (8% KA OMV Jii
B 2N A SBURE ) , X B = Bl B ) 45 25 °F- 5 FT RE X
248 6L PN 99 AR B AR DG T R E R — S I R S o
HRATE EV 1EN 245 Y15 18 304 2 10 2 HEBR
EV 5 A e R S gs A, kR S EGE
PRI RO 55 LS . L GBI EV L
FE AR EV O BE A 1E N 25 W 1L b 3
T, AT A AERE BV RT3 N TR G,
AT S5 BIOKS MESE 019697 , o0 @ 4R 0T 32 o7
R IXUE EV AL 1 25 W) e 5 S8 I R A,
0 T 2 ek iy 5 B R AN B, ) B K AR

AR I R S LY SR AT ELE 7/ b G e

6 ZFw5RE

20 L 4718 1 7 2 TR A A TR T A T
] LA K 20 o Al A 32 22 8] 1) 4 B Rl A5 S AL s vh &
VAR CHRE . A EREDOR IR EV, ALl
HWMIE . ReZ Ak, IF HIH Wz Z Fh A
R, HAZHE Y vE, (B4R EV
IR A IR Z e % 2 Ak (1) 5 EAZ
MR L, BT PR B P 2 25 6 T 4 B 4 i Ak
FEULI o3 B AL AR | B A Ak T
R B, WA brER R R, K
s it 3 WL AL [R GGk 44 K Ok R R
41T (nanoparticle tracking analysis , NTA )k I f7
oA S vk BE . 8 S HL F 12 fUBE (transmission
electron microscope, TEM)ZHTIEZ . Western
Blot Rl FRAEEE 1. (H FAFRIRE A1) By
BELTT , £ 45 4 ¥ (0 M A BRI FE N RO AH TR EV RRHAE
AT — A I AT . (2) [ EA A
), SWEHEEERE EV A& 2, THelERN
— PR GAR W), LR E B R PR
R ZEPE I R B b s 24 TR E A T TE Y
N HBME . (3) B FHIZEKEE EV ik py R e Al
PeH, TE25 Y R Il dan ik | % v I R S5 T
N RT3 o SR 58 A R 8 FH T Y
WRIEBVESXTANTE EV HLHHRTE B E T2 B L
PR HE B ] Y S
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