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Abstract: Extracellular vesicles ( EVs ) are nanoscale vesicles with a phospholipid bilayer structure released by cells through exocytosis
under physiological and pathological conditions. EVs, as carriers of information such as proteins, nucleic acids, lipids, and metabolites, can
shuttle between cells to play function of material transfer and information exchange, thus they are important for intercellular communication.
In recent years, the research of EVs in plant has also been deepening, and there have been great progress in their research and analysis
technologies. In this review, we briefly introduce the composition of extracellular vesicles. Then we summarize the current progress in the
biological functions of EVs in plants. Furthermore, we analyze the advantages and disadvantages of EV isolation and enrichment methods, as well
as the application of EVs in situ imaging technology. Finally, we prospect the potential technologies for the research of plant EVs.
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EVs AT LA TIRI7 . BB B0, LA B n oy ) 1
SR AR AR L A P BESE R
EVs T LAVE Ay H 49 F55 J5E v 40 it =22 1) 4 B A2 U i A
B, B S SRR SR B R R Y, e
VR AR S T A A O

T EVs BB SN 29 BAT 5 ok R RRE,
7% EVs MELU B LB AR 1500 B IRESE, A
SEIRAE AL IKT FXF EVs SE4 TR B R 2 i
AR FGT R, AN, EVs BY RS RN 56 AT
TOAATHHIMBR , A% G0 0 UG AXE L) A W%
EVs, B FIRAERRICHSARE AN A JE, 5
L AR A AR A2 50 T4 EVs 19 35 248 it S5 5 Al
ASCHER T EVs BYAATE Bl Ae I e oy
FEIRE B AT T RS, b, BN S
T EVs BB S EEHR, DI EVs BJEALR 5L
AR B HAEAE Y MW FE T BRI, FEXF EVs HFE4
ARASRB R EAEH TR,
1 EVs 5 ESHRERE
1.1 EVstyo%

EVs J& 94 K 9% 1 5 A7 W g WLy = 4l Al Y 4
W LT FTE AN MR T LAY EVs, B A RS
LR EVs BT DU R, I, PRI,
BEFLAAE W 7, A SR R A B AR B EVs U,
2RO i 5 M EVs, 3K 28 EVs 32205 1 oAl
MLRIE . FESPERRICE . AEYY ER AR R A )
HBEA X Ay B BT EE N 3% . OINA
(exosomes, Exs ) : il # H 42 & 30-150 nm, % & 7E
1.13-1.19 g/mL Z ], >k A4 ik, @fae
#9 (microvesicles, MVs ) : H 42 100-1 000 nm, M/
i A BERC ( H2E ) FRAE, @Jﬁid\ﬁi (apoptotic
vesicles, AVs ): HA% 1 000-5 000 nm, %5 & 4 1.16-1.28
g/mL, IR T AR /N
12 EVstyW Rz

WL B e B RIE L TR, X
EVs A & AT T IRABIBESE O, BHo B
3 2K EVs L gt AT

HMIBARI AR TE A WA BURAE, — R IMBATE
M g GRRET, TIRAMRAE B R
e MR b, AN B PR N B

Az D BRGE RN 1R - e, —SednfiEsh
s, s, R, AR e, St
JIE b P 2 11 93— B 3 ek 4 5 B 1) A [T T
IR (early endosome, EE ) f/NT, 2453714
ARG T S, MR (endosome membrane ) 43
k2P 1 P AR S iR A (late endosome,
LE), W#iFR N ZHAK (multivesicular body, MVB ),
HFEAETHIREBENRG, BENZER (intraluminal
vesicles, ILVs ) X —id#2 /. MG &E ILVs
(1) MVB 231z fi 2 40 RO 5 IEmL5, 548 ILVs B
TAE AN ML AT BR A, R A M A A A
IEAh, MVB R RE S SN (S BHA RS, S8R
WIS, SR, BIHECY IR, MVB anfa gl o)ik
2 M BT Rl 77 I R T AR5 R A
HO R A I . 26 — 25R RS NIBMA H
PR, AN R B R AR P %k
IE L M A 28 SR R R TIC A I A 2LAG AR D)
AR B, XA IhE AR O T T 4 sl 21 1
M% (erythroleukemia ) 2 X RN IR T A TE
b AR SR PR, ERT M AN AE

T SOPR A Ok, SR TR T 20 AR BT R ik (i
2 ) R i ( large membrane vesicles ), HE
BT 100 nm, B2 H 2RV S # BB R st s
WY “HEERGRE” 7R SN AR 322 X
TR HR RN TR Y 5310 52 3] 4% A
Py, X LY 2 5 BCA ML N Ca™ VR B T
L AR AR SET A, AR, ARFSOIANER T
FEHIHL, TR AR AN A R A Ry A A AR IR
— RO SR, AT BT SRS A A R
B EAK/NERE EVs HEARTAR T, EiiA
J&T EVs,

AT/ MBI/ NS 1 A i A A U T I R 1Y
P, PAT/IMASE 3 28 EVs R ARR R K H R PR
), HAREE N 1.16-1.28 o/mL, SAMNBMATS > EE,
HIL S L HABPIE EVs AN, 5 HA EVs
— P, JTMATTLAZ 5438 DNA S-(E B

S HFLS AN R 2, AR AN B AT A
BE, b R AT R X —Z5 T RES 5200 EVs BYTE A
SR B4R ISR B, MYH 2k EVs,
Y EVs 5311 EVs A5 HRIRIE S RRAE, BHA
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A WFLENY) EVs AW R AR (o) RBEIEIRAR < i 20 BT B 2PV R U Ao . (b ) SMIBMAIRAE - AT PN MBI & 2 AT, T
TSP SRR TACHE 2 i DN AT B PR R, IR A SRS S (AR L e AR SRR R R T ), AN AR N L (TLV),
HAT LV 2k (MVB) 2 SAIMIBELS, T2y (TLV) alREIAANRIE T . B SRR AR . (o) JRT/IMA LT T AL i N R .
S Vs T LS ANMANEFA LA, FRA R A A Yk BI040 . B 08 Chen % 1 &k, B« #9) EVs R/EMRERZ . (a) EXPO K2 : EXPO E—
FERTE XU Z5H A5 UL & I R R BEBE 5 (b) Vacuole J&AE « RNt &5 A7 /K Afk IS A8 B 20 R0 PT LS SR £, 5 Bl A0 R i ) 4 i
HhAsI], VRIS RGIEEE . (c) MVB &R - HIPHP Y MVB oL S BB . SRR EVs BRCEIANIAN ). S0 Cong %5 7 511

A: The mammalian EVs biogenesis pathway. (a) Microvesicle pathway: Direct budding from the cytoplasmic membrane and release outside the cell. (b) Exosome pathway:

Endocytosis occurs after the inward depression of the cytoplasmic membrane to form early endosomes. Early endosomes will be further recessed inward to form late endosomes,
which coat part of the cytoplasm and certain substances ( such as nucleic acids, proteins in the Golgi apparatus, and nucleus ) , resulting in intraluminal vesicles (ILVs) .
Multivesicular bodies ( MVB ) with ILVs fuse with cell membranes, and their contents ( ILVs ) can be released into the extracellular environment. The released vesicles are
called exosomes. (¢) Apoptotic bodies are released as vesicles of apoptotic cells. These EVs can interact with the extracellular matrix and transport its contents to target cells.
Refer to Chen et al '’ B: The biogenesis pathway of plant EVs. (a) exocyst-positive organelle ( EXPO ) pathway: EXPO is a spherical double-membrane structure, which
can fuse with plasma membrane to release monolayer vesicles; (b ) Vacuole pathway: The vacuole containing hydrolases and defense components in plant cells can fuse with
the plasma membrane and release the defense material into the extracellular space to inhibit pathogen proliferation. (¢ ) MVB pathway: In plants, MVB can fuse with plasma

membrane and release EVs into the extracellular space. Refer to Cong et al ****
1 RESMEEaRY = EFfEiE

Fig.1 Formation and delivery of extracellular vesicle

JRXUZ S, oS A7 5 HE ) S 5 RO S A R
FUF 5 miRNA 0 Ak sy 7. HETEFSEIA
N, KW EVs R AAT 3 R RERYIRAR (1) MVB
% 12 ; (2) Exocyst-positive organelle ( EXPO )  i&
%5 (3) W (vacuole ) & 42 2UCE 1-B), 1967
4 Halperin & 22 HIRTEGE DB 5]
MVB W] 5B IERE, B EVs. ITARTERPIM F-
AR F AR T BB T BRI
F3I R ( Golovinomvyces orontii )G B 7+ ( Arabidopsis
thaliana ) " FJ5 2 7= AW g% (haustorial ), 7E 4355
Y W 2% Zh I (extrahaustorial membrane, EHM ) H1
[ LAWZEE] MVB IZ5H 2 dE— R, 78

T 52 3 OB R TR 5, MVB 23 5 40 i 5 i
A B G AT I, R B A AL A2 e B 5 RS O
gL 7 BT TE G SR A . AN, B/ TR e
( Blumeria graminis f. sp) 1R YLFIRFE M Fr, W &
BB (transmission electron microscopy, TEM ) M%<
S MVB 33 ok kAR 5 T 5 A0 B 2 ) >,
X — b BT W FL S P R stk s Y, 9
TE5 FLTE i AL A FL R TG (papillae ).
HEFT UL, MVBs FIAEY) i) S WA ——28 P il 14 3
9 (exosome-like vesicles ) ', &4 ¥ EVs B ik
PR T B R 2. Movahed 28 7 3 ] TEM WLEE B 72
FETF M AE (Turnip mosaic virus ) JE&YL J5 A4 4H 5L



2023.39 (5)

SREHAE - MDA IS S T B 1 i 35

M F R AT MVB RYS55, MVB 25 BBRES, Bk
BRI N FE L (ILV ), FAEAH A 7h2s [a] & B K
TSRS A AR Z N 60-150 nm FE91, T ix Lk
LR, AR A L — 2R MVB il PM Z [H] 1Y
BG, SSECILV A MVB B E 40 ohzs il v 2
Regente 25 27 L] H 32 40 SN DFFE A 42, HIFSE
Rab fE[(1Z 5 1] H 254100 MVB (90, RECH
WEHE A, eI 2 B9 J5 1 12 Y 300 ] s % 40 25 A
weEF EVs (B 1-B (e)), {H MVB #[ 1)  JER
B EVs BIALE e A R i AT A DY AN, Wang
i L2 S LR T R B A R VT A0 P e B — R AR
LA EXPO, J2ZERLT A WK BRI SR 25
CATS SRR, 10 40N A 2 A i M T
P4 EVs ([ 1-B (a)). EXPO 3 12 A [d] F MVB
wiE, EAUYEA ARG AR I Y b,
i) EVs AW &R T RER B T, Hatsugai
2 YRR R BRAE LR AT 52 B3 Al Pst DC3000 95 i
PR YR, WS SRB A A, KRean
) — BB 4T TR B R B A AR AT, DA X I B 19 4=
E(E 1-B(b)), AP BB R A T3 I
2 EVs ZEEY AR ThEE

KREBEH M EVs B 58 A 7L sh ¥ R 40
AT EVs 2 5EL s vr 2R B RE, fian
S AR 3 S I R 2 A S TR A T
EVs it/ F— S0 B R, e VBRI, KK
DA 7 J2 200 2 Wi 7 3 e o) 8- 7 A A R I 1) Y
DO AR T LS AN, EVs TERIY T RIDTSE
KRIBGEGESE L, AMIXHEDIH EVs 19 T #4540
TR Bt MAHY) 2 2 R AR i, HEY ™ A
(1 EVs 7] LA HE S BE A T, HRH0 R i 4 5 L0
EVs 8 A S 5 mlaRerEH, T LAFEAE Y40
HlalE 4 E R . IR FM RNA 2y 74 7,
2.1 EVsH5HM 2 IERAT
2.1.1 EVs Z 5 SRR EMHEAER A REIE
WKW, EVs 8055 HY 5 FRE Y H 1R
AT, V8 A e 00 Rutter % U MM IF
F BT AMA R & B A KN R 50-300 nm ()4 i
Rty MR FEZ B T F AR ( Pseudomonas
syringae ) JRYLJ5, EVs - IEGRIE 2. KL,

M EVs AT RER] BEZ AR S N A i — S E B AL .
Regente %5 T H A 40 I A R 4 B A F Y
EVs, J&EAE 50-200 nm (92, XL EVs Ab 3
A5, WabE S g AR i i LB,
HEBATFEAERKET. BSF s, 2
AL TSN, R EVs BA I A A K
(IR, HIIGHEN EVs B2 5 MY 59 i I Z ] A
HAEM. WFE R, MKE AR ER (Blumeria
graminis f.sp.hordei, Bgh ) NZ KA R AL, K
HSTERATOL T S A PR YT B2k
Py RS M AR S L LIRSS, I 2 7 Ik
TR Y B H , 7E MVB 5 PM Rl i
s A A R AN IR AR, AR ThAE YL ik
4h, De Palma %5 ' 73 #r T HEMIAR 2R B 2 385 o
1 EVs, SEREZWIMRFBRA EVs AT LU E w
SRR TR . SRIM, EVs S Q] 5] 1 1 4 41 it
BEGEAMLZR I FRIPRGE,  HALR i A B

212 EVsizflig R Z 50N YAl
AR A S, W8 (sphingolipids ). #% g i@
( phosphatidic acid, PA) 25, W ARZAMERE, 1
0 A 3 B SR O Lia 45 TR AR B R AT
TEPEM EVs T TR =08, KB T EVs b
BERR o AR, X SRR T S R LR R
M ( glycosyl-inositol-phosphoceramides, GIPCs )
. GIPCs AT JEHING I FL A, TERL Y oy th &
PR EAE M W IT 4 IS B 11 (tetraspanin 8,
TET8 ) 5 EVs 7MBAHE, 1E ter8 /LA T EVs 733
BFWA, GIPCs fE 8 B FFRIL, XEW] GIPC 7]
RETE EVs B4 9 & A v RAEAERT . TE 122 A0 BT,
tet8 ZZL AL 1 ROS B /L, 2 EIngME GIPC
I fif EVs 2032, f1g22 AbBE = ROS a5
M AT UL, EVs B IR BT 5 5 AR Y PO 1 R
K

2.1.3 EVsizfii sSRNA Z 5P e W5k,
) 5T AR EVs BE 9% 4% 4 /N (9 AlE 4 B9 RNA, 10
microRNA (miRNA ), £ T4 RNA (siRNA) Fl—2&
10-17 nt B9 3/N RNA 0 48 S, EVs RESH
sRNA M6 55 B0 ISR A b Cai 2500 %81
UG I 0K B AR G4 i T LAZ» A 35 A7 sRNA 1928 5h
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WMA, XL EVs 7RG IR AR B, IRk TR 20
W, MATIKE sSRNA A% 356 2190 R AR K 8 R, e iy
15 F sRNA AJ DA BUR PEA G RE R, TER A
B ( Fusarium graminearum ) 124/ Bt &€
£ RNA NTE E 2R IR i2 LIS A S0 5L
DRI 0 o AR K SRNA 1 2 4 7% 5]
TYE FA R, DR A B e, Xt
HE R R S BE I ) e SR AR AL T 17 S %
22 EVsH 5 4idy bm LRE 4T s

0 A0 B R 5 TAE AN e SN2 0 22 )2 TR
giby, B LR AR 7, i HA gL
LEEERILEZ e . EEWARRE T aEZR
WA AR B2 38, Chukhehin 26 77 W55k
R EVs, HERK/INE 65-145 nm Z ], I HAEH
Hk I E N ) -1,4-B- R TENE, 1E2S EVs B
N RS 5 W) -1,4-B- 1 ARG 0 66 47 Flis i, N
Y1 -1,4-B- 0 MG AT DAL K i A 1,4-B- 1 R0
FHEM Z R, LG Z AR T, WS
520 L RE B . AR TT (suberin ) J&—Fh & A
ZRIESEMEN L REY), FAAETIRIAEN
WA TS . RSN Z IR Z . De Bellis 25
X 4R AT PN R J2 B EGAly i 2K 1 2R AR AR lotr2/exo70al
AT MY, RIS K LK & EVs TEN =
SRR, A REFEE 1Y brefeldin A ( BFA)
AEE, AT DAPIRIARRR B FLR, XS gE R EVs
Z: 5 T MY A B RE AR ST B DT AR
3 EVs IO AR EERNH

AR, EVs 2385 5 %8 J5 1A S H AR A K
K, XONHEFE EVs BS5 5 DhRed it T8 Z 1948
Fo HTHT HL A S BUSARBAR 1 J J A i 0 LR 4
RIS Z I, AR JFA T 20 P A3 K OF |
R BTk EVs RAEGK R B e s 424t 15y
AR (47 @ N S A o P
3.1 EVsp B4 KA m A

AEFIZE EVs ZBIFE R/ %5 8 N 1 e
FARERRES L FN, ENLSEE TR . A
WA Z 2 AR . PR e] 2 B 2% S5 B 43 1)
TP, BX EVs w8 s S AR T 0 E S
6] O, T HE— 0 B EVs (9N A BE ST

HIhe, MIAIR Sl 7T 2R ey
7%, AR TEEEORR, T RESWRTINE.
RO @G . BRI . ORISR AR 26
RPN ST . TR LEFOAR T, i 0 125 4 Ao
JE B OMISE AL Y, LR S S AR AR A
TR EVs (05385 1, Lhor s thali i i i
EVs, BB 5 REORIE R 1.

31 ETEEEOEAR EEEOEAR (ulira-
centrifugation ) 2 4f FIURL 25 FE (9 A [R1FF 3% 1 247 43
BV RN EVs W T —. AR A AE
fIRESLJ1 (300 x g ) FREEER, T EVs 1F 5 £50 )]
(100000 x g ) FEPEITIEMUL > . Zhao %1% F]
PR RO B AR P A EVs, R mi-
croRNAs [IAF7E, X8 microRNAs B LIVE R &9 A%
SR FLEH A . Ruter % 1 R A B 5
IR T 0 1 ABL R A7 I 2L 4L B A MA e B
I EAFE] EVs, HE3 O E BT A AR 705 EVs
) “ARE” Jrik, AEBRAERAE, Al DU P
FEELRYOLHE . TRl 38 i X R vE 20 2 Y EVs 1)
AR . RN, (R EWAF 26, Fln
BB U ARG . PR 7. IRTE EVs
(7R A% 0L B AN, B A A AT RS R
EVs By5E8& .

TR A T 250K (sucrose density gradient
ultracentrifugation ) A LM% 4 i (4 S5 4 35 57 v
Iy AAL EVs, 1RS> B R, 8 RS R A 2
R T LR R TR Ju 2 U700 fo R ek
U R BE I T 2 7 v 20 2 4 4 S AR
AR T (grape exosome-like nanoparticles, GELNs ),
7E GELNs HG i B HARTE 50-300 nm (Y IEE5 5
PEUD . W RS R O UL REVE— 2D R R MR
FE, JRAE EVs SUEEEGR . AR, BT R R
BLOMRIITFZH 8, IFaem RS bR T
WERBIE, B SB0 BE Al 5 Vb (fodixanol ) BB
BT EVs §F58, 120712 T LS Ay (R 15 800 Y
R
3.1.2 YL ULiE?: (coprecipitation ) F FH A 2%
IKBEYER L T (polyethylene glyco, PEG ) % K
AL G W R S AR R, R R AR SR
WA, AR B (1500x g) PYUUE EVs, #R



SREHAE - MDA IS S T B 1 i 37

2023.39(5)
®1 EEEVs INBEHERMRS
Table 1 Isolation methods and advantages and disadvantages of main EVs
PR Ji 3 Mo /=) 25300k
Approaches Mechanism of enrichment Advantages Disadvantages References
TR g CEbRET, BMERGE, AR RRERIRIG, B, ELOEE [54-56 ]
Ultracentrifugation B SRR RESE N EVs [ 5848 HE
RENHE BERRRE B0 g RO, BOA A AR RN (>4 h), BEARER, 0 [48,57]
Sucrose density V5 Yy SRR, ISR
gradient
ultracentrifugation
TLUEY: AT LT BRI PR, RAME, X BRSNS R Al AT [58-59 ]
Coprecipitation EVs #ii/
ROTHERH @i 5 PNy FRL. BAFRIREAER L, $ 0 e, WEE MR, OIS [ 60-62 ]
Size-exclusive BMIMATR R S Al g FHGEC S IR R, 52 At
chromatography FEEV yoest: KEARERANRE R 5355
BT PN FEFFHRIS, RVFREI B2 JERR/ N TURBA LR R 2T, b [ 63-64 ]
Ulirailtration B, N, RIS BV G SRS HOBER S
itk Fay
[DURGESEN KN EEERRIUS R NG SR SE AR BFREOR M ARERIEAL 5 ARE, [ 35,65-66 |
Microfluidies technology LN b daiis
G R R RHAR R FRABRE, RS UM AR, A [53,67-68 ]

Immunoaffinity capture-

based technique

J5i ¥ EVs R E T7 7 PBS 22 ohi vh R A7 1 — 4 43
#r, % J5 M PEG UL IE EVs. Kalarikkal 25 7 {ii ]
FF R B 6000 (PEG6000) 15143 B 4lifk i
% (Zingiber officinale ) P £ H A4 K JRL (edible
nanoparticles, ENP ), W FHUTUE 2 (L s 245V E fT B2
PR AR, JFHAER AR pH JEEIN, X EVs
E /N X s U B RO MR8 0 I FTTERE
J3ES EVs ROR G, Ol B St , 200k S
BLOIEM LERRAR 1A . (H2, B JLF-Brfy gy ml
VRS TR S UTTE,, BT LA 4 2510 EVs 4%
EH AR

3.1.3  ROFHEBL A%k RO HEBL @35 % (size-
exclusive chromatography, SEC ) 38 i1 %8 i o 1% 38 i 5
WG uE , X 43K/ INAS ] 2 Al A 537 0
BEIE 5 A AR o34 FLBR I SRS W4, 4 1F
Iy EFERIE BRI, /N T B ARALE
MR35 B0 B e U ok X A AN /] R/ N
TRV )4 X o0 I, PRIz s ) 2 T
FEIRAY R T 0 R RS ) 1o
AR/ TAE O TEAE FAS R RN B G, EVs

HCER A FLIRK , 75 (it RS sl i sl -,
P 7 R N 24 B A A B 4R 3R A5 E Vs,
N EVs SRIEMEEATE. A, RO @
TG RN R K EVs s alife, X
PO BRI E EVs BIL5H B IhRE . ARk,
SEC J R AN Sy B 8 Tk 2 —, BAHHEHRE
L PRI B, AR EVs 4l
E'—%— [62]O

3.1.4 #Buer: BuEE: (ultrafiliration ) A& A
[ B/ INMLI BT UE RS, AR/ NG EVs 4385 TT,
SRR RSE i EVs ' H A bl
(3 I RS FLAZ 3 31 0.8, 0.45, 0.22 F1 0.1 pm Y,
AR UETR ERAE TR i el L FLAZ N 0.8 um 1 0.45
um AREERS, RBREARBKMRL, FKYGE L
R 0.22 pm F10.1 pm (T PERT, FERBUR B2/
F HAR EVs (950 B P43 ok L, i kikT
DL R B Dy S AT, tn] DU BE A U8 a5
B — B 7 R e v R LU T R
T HE], AR HLRSS EVs T, (HIE/N T g
LR 2R T TCIRUERR . Rl T B R, AT
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B SO RERR A EPESS Y, By 1 I S o3 /)
P, oSS .
315 U E AR B HCR (microfluidices
technology ) J2& I A B 2% 1 70 25 EVs B4 AR 7k
WO BORBES X I 3k, AR B RAR
SPARE AL EVs, FEd A — S A 9k
TER . K Z ALK SN e s
ML RN R T BT 5L S ) PR IE Ok 4t 4k
EVs O SRR T LUSRE SRR BE . 30T A
AHAb R AR MR R v, T SE BN B AL |
R AR AR O ST X,
AR B WA A AT EVs B9A F1 T H . SRSk
SIHTEAR, EVs 23R 2508 1 N R m, AR5
SO s N L BRI ¢ ) - RE S -7
SR AL EVs 20 B H AR, SRR ROR
i ARPRELL, X EV B AT WA S, [HAER K
I EVs wd i IR s A R
3.1.6  RPESEHHAREIAR  RESEAHREAR (im-
munoaffinity capture-based technique ) ‘&= HRBIH T4
B Ak E A EVs Y k2 — 1 X AR AR
PRSI EVs KA AR E AR RRHE,
FIFPUA R E W EVs I, il sl & 5 A )
AAEAE S R A 7 B LS4 4, Tl ad
BB O BV AR Y B 4k EVs 1T He 2 Y A
PG P2 SR FIAT AR B AGS & HEWH 2 E B B DR,
EFTAT TETS FUARBIBEZR , 5 TETS AT4EH) EVs 4if
T, MR L 4ifl TET8-positive EVs, JEiE—
WF 5 & BRI IT A sRNAs 7E TETS Ri2E [ EVs o
A PR AR H AR 80 20 2 ali A )
HRFE 9 EVs BEAE D725, JF BT 5 HAL Z Rl o5 vk
SEE R A
32 RALBAZBAREEVSHE I F 8 5 A
JEAL AR B BOR B LSS EV B97KF B gE
PR SR 7, e G e AR A AR B A
AT EVs RV, AHRARE - AT 5. FIH
T B8 (electron microscopy, EM ), ¥ )1 B
B (atomic force microscopy, AFM ), $iZ 5% B 06
% ( raman tweezers microspectroscopy, RTM ) BT,

E— P R HEA, DO 2 H A2/ T 200 nm

YRENL, FENE 20K b LS P 240 e ) A o 254
{15 — L B R A i B i i RS AR B
321 HETHTFEMER BT RBHEE (rans-
mission electron microscopy, TEM ), 74 i+ i} fil %
('scanning electron microscopy, SEM ) FI¥& 1 HL - 1
% (cyro-electron microscopy, cryo-EM ) £ R iy & J&
HESh T X EVs BOBFSE . TEM AT LUFE 40 A K- UL
AN REROE AL 7O, At . MRS
BHRGrFHE T An %R TEM B LSS E
T2 2 b SIS FN 200 i B 22 ) ) et s b, R
/NE 40-150 nm, SIHFLSIYIMBIATE AR, HE
PAMBAR WA S E B, BERT. s RNA SR8
WX BESE Y e A R A0 M BE B SCa FE v, XA A
IR R EM Y P EVs B BE. Zeyen 55 7 15 FH
TEM % BLAE G A 1= e R 22 i 7 b, MVB A 20 i
thIgE, JRROER RS R R ARG, e KE
RAAENFLIAR TG AL BT 2 S, BFFEIEZ R
TSR B Lk S A T A A B B A A5+, E RS T
EVs TERY) S h Ve

SEM % T WAL RIETEHR ™. SEM 5
HAb RS T B, Wty e brid kS asa M, vl
%t EVs AW IATHIZE . De Palma 25 2 i 5
T o T2 K 118 R R AR 2R 0 DA ) ) VT )
Balifk, K15 TEE EVs, N SEM XFH AR TR
BT TG, Gt oA BoR R BEUN EVs K/NE
50-100 nm JEJHE A o

cryo-EM B 32 J T A 85 L 45 A, 5 A
TEM J7 12 vt BRI TR i) 2 (O o S0 N )
FAEE, HORESINE & 8 sl B ], AT Z KD

2L RS B VR IE S, B EVs R R
GERAR LIRS, 1207 0T LARUR EVs 19558 Ju

e U700 ) 2 3 B O T BEMR OB 88 120 Bt BV s,
I Cryo-EM WEEH], EVs 24 PAEE R HR N
50-300 nm 44 K 2 45 45 B D, Yuana 2510 f
cryo-EM WRES ML /3876, LB EV MBS RS H &
MY . i eryo-EM B AR REAS S BE & 40 PR 0]
Ak, (B2 cryo-EM EIZGEH RS EV, $4it
EV {5 B8/, eryo-EM 0] LS {6 A S5 4 bR
PR T BB AL GOKR ORI A, T 3R 1E EV
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KRR
322 P HRMEAR R BB T
EVs A%, BA 3 M TAER . — &R e
FIRE b 22 T A% 322 fiok 7 9 322 il A X (contact mode ),
OGRS, R IRl sk A EAE T 5 i
IR A, SUBHE 5 R s RIS SR IH
— H A Al HE £ il 55X (non-contact mode ), 7E
AT, TREF SRR R DR — o I B B A T4
AR 5 =B TR Z B A5 X (tapping
mode ), MR ALEATFHAE M AFETIR T, MAgik
BB A R g 0 R L A AFM BE AT DL VER
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P, HARE PR 1-3 nm, 3 H 9 HER/NT 0.1
nm ), EWESE EVs 45 4F T E.. Sharma %5 % F
FIAFM BEOAR, A FIHUAREREH I i T A BV 75
SRR T H RN RIS K . Chukhehin 2577 1] A
AFM WS E] T AARRE T A2 BRI, s
HNBAR BRI R/ NZY S 100 nm,
323 frE2fETREOGE PLERTBHOGERR,
Hﬂ %ﬁ *;J_{ y‘j %ﬁ%% %Tﬂ:% ﬁlﬁ)ﬁ% ( laser tweezer raman
spectroscopy, LTRS ), Al HI T8 514~ EV (1 R T ¢
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FI [1] 70 F1 A R AT S A it A2 1 ) ST 2 4R 4
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RAEBAR . B AL LA K 555 3 1Y) B 3
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IR B HR L SRR ZE- S, I Bl 2
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