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Pt I 5 33 40 JHY (Antigen presenting cell, APC)
W ZOR AN . F VRN LA K B 20 i 55 2 fe s &R
gt rh o A R S AR PURAE 5 . OIS % N 1)
RNy APC 43U B FMA ] 3 13 A% 32 i 2%
BT AT DL RNA 42 55 R
PENL . ELWE AN MU AE S R h LA AR
FH, EZA AW . PRI 53 WA 5 i AH G4 A
FAEN, B g EAT AT I, SR AN R Y R A
MIyGE . Ho, B £ 8 (Lipopolysaccharide, LPS)
TS E AT . LPS &9 =2 LB
2 TR 210 L BE S RE ) 2H BT, S R TR RN 22 A
WM E N TR ERERG T, B A E o
Toll F£3Z{4 4(Toll-like receptor 4, TLR4) {5 51| 4 2%
[CEAPE T I i 2 0, WO M N as 12, iz IR+
kB i&%2, 5 AR R AL R 108, fE b 28
DI . A ST L5 R0 4 3R, 7 4 R Ek g
0 1 38 200 2 TR JOCH8% 0 T A A G 4318
L (PAMP) YAMA, FFil1d Toll #3244 F w4
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SRR NEEL . 1 RIRGIK 54, SMA R E
030 ~ 150 nm, J& 255 40 fifd (] 38 15 1Y) = 229
o GZEAN NS WA I AMA T L3 A A% 88 B A 4y
FH1 miRNAs S SCEUJH 5 g Difg . LPS il
) T I 20 LT 3 0 ) S MR S 5 8 e e R g B e,
HRAIMA R e R TR . HdRiE, LPS IS
F14) 71N BRI A4 L 2R 43 0 ) SIMAR AT 75 /N B A Py =
A K B9 IFN-y, {2 #F Thl B0 g™, - H.,
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T, X 1 22 00 00 S84 XS 5 5 240 6 7 A ) MR ) 47 2
N R SE A AN SE AT R . B AR S R 4t L g
RS S HE T 4, o] DL E #80% CD4A'T
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&2 B #A: 2022 — 05— 10
EXR AAR2E3E4:(31802173); I K2 E 255 [ AABWHE 8151 H [KYQD(ZR)1937]

E—EE: MEEC(1997-), L, W RAASPRHE B 2019 HA 58 4E. B-mail: 547661826@qq.com

BIEEE:

52(1988-), 2, i1, PRI, 5Ty 19): B4+ B 5 S5 2. E-mail: 993746@hainanu.edu.cn


http://dx.doi.org/10.15886/j.cnki.rdswxb.2023.04.011
mailto:547661826@qq.com
mailto:993746@hainanu.edu.cn

434 oy 4 ) 2 R

2023 4

B LG PR TCL PRI, AR SR B A B D S 3 A L,
B ORI AE B LPS 5 A HD11 JEAMA
AR IEE WRIMAREBAE e R TR E
B E I B 15 1) AR 2%

FE& MM 2 H MHC 7 TS5 N 2 A 285,
B g2 PR S S E A O3 N B IR — 0 25 57,
BEASTA] AP A XG5 HD11 JRAMA B 6528 I 26 ] 458
BB AFAEZE S Mg HL O R RS S b SC BT
(Gallus domesticus )5 HAWXGFP R FFAER K ZE R
B E VAR, RIS AE B0 8 It SRR I s g
IR, SCE XS G PR B AR T AN L RN
AU, SCE XS 5 HA ARG Z (8] MHC 43 F 3 2
AW AFEZE . T HD11 40 Aok IR
FICE XS, i AMA R DI 5 S MASK IR B LR R
AU RS B AH G . HE I, A Y DL SCE XY B
T 58 R 40 M AE A 0F 5% 6 52, R 5T LPS Ml P Y
HD11 AT TG AR, b5 DL LPS 5%
(1) HD11 5 AMAAE A S A5 50 FH T 35 3892 9 Bl
RS

1 MR5ERE

1.1 HHRER  ASEEWEAIIE R (HD11 40ff), 3
X B R SR AL

1.2 ZWzhY) 14 B SCEXY, HFHRECEfER
PSR4

1.3 EEME #EHTIESGRMNGL), Sl
DAL I R A BRA D, A4 BAS B AR
(Eppendorf), i # # .L> ¥l Optima L-100XP(Beck-
man Coulter), 21 KB F7{Y Infinite M200 PRO[ Fi
+ TECAN #HEA R (L) G RRA R 1, 26
8% BXS1(OLYMPUS 2 7l ), %¢ 6 % & PCR
% Q2000B (#7t JH B H B 2= AL £ 4 FR 24\ ), PCR
{¥ S100TMThermal Cycler(% [ Bio-Rad) .

1.4 EZRF A58, W 2Rl H &
SEE A YRHEA B A RIPA 24 A 1118
A=W 0N Al BCA B8 AR B2 I e iR & 2 g
TAY T AR E; PKH6T JebHAH & . mbiks
F R H HyClone; i 45 iy W H Gibco; JoAMA
M3 [ SBI; X s £ 4 ELISA A& i) &1 A
BRI AE YR RCA R AR . HE AL GM-CSF,
IL-4 4 ffL A 7 T Abcam 2\ F]; 5 RNA #2 B0

F & FastKing — kBRI 2 cDNASE—HE 5k
TR A1 SuperReal ¢ % = MR R W T K
AR ARAF; LRSI HA T4y
A

1.5 BEZWEESH HDIBEIMESE. BES
£FE

151 @WMBHRERK HEA 10% IhF MG
BB FREE T R4 (37 °C, & 5% COy) hisgRA K
RS RAFHY) HD11 480, IFAETCIE 554 T A T1E 1
SEPRIE . RN B K 70% ~ 80% IR, HEAT 40 i
AR ERAE, K HD11 408 43 5134 18 5%10° 4~ -mL™!
A% B 5x10° A -mL! %R0 T T25 40 55 370
rf, IR A R SR D B, L 2% S T
HIMA LT 4 35 35 R Ak S B 5 A, I8 4 i oy Ry
RIS (N 4] St IR AL, IRIR 20 A 4 3% 57
WA AL g 20 pg-mL B RS 2200 3 2
Jid, k28557 24 h

1.5.2 SMR& S B SRR K RINNEZ 0%
() HD11 4 AN A 2288 00 HD 11 40 i 4
B F% HE 5x10° > -mL" 4 b %5 B R T T25 4i
BRI, L 2% JCAMA G A4 i 2E 175 5% 24 h
Ji, BRI EE 100 mL 43R FIE. 16 4 °C,
2 000xg B5.0> 30 min 508 T 2.0 KRR, A
o B LW 20 E.0E ], 10 000 x g,
4 °C B0 45 min KFREOR AR S A LR -, 4K
JEATCH 0.45 pm JERE U8, AR IE =Y. ¥ I
IUEWINA 100 kDa UHBUEE H, T 4 C T
OHRZE, K 100 mL 4 b 3% SARFURZE 2 5 mL,
Z2TCP 0.45 pm JEAEEUE, WAR T UEWE . K ad DB
B BHEE.LAE T, 4 °C, 100 000 x g B.0» 70 min,
2B g, 10 mL BR A 1xPBS HE G, FRK LA
4 °C, 100 000 xg #%f4, M =0 70 min )5, 4R
DUUE RIS B AMA . IR 2RI TR & 52,
FEA LR el A AR DA R SR 247 = e KT
il f FH i b AL TC B — A R

1.5.3 BBEBARGRMUIAT  WEBEE LR
SMATS PBS IS W, B AN A (4 B 22 5k BE
o BC IR Z M bR A TR, AR R R & 10 BH
BTG SNAE | Vet SR . B S (R bR A
TE 450 nm AN E A SLE OD i, 2R
2k, FFAR P Fr A b o 2 Bk AMA S PBS
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1.5.4 SMRGER  HMARE SRR EH 150
ul T8 i 1xPBS(£8 0.22 pm) ¥ 4] 8 B AMA, 1
HORE 10 pl 3 T4 B _EC3E 1 min, JEACH &
T, SRS FHBREIR 10 ul ¥ 0 T4 M _EDTTE 1
min, JEAN LIR W . WIR TR BB S, DL 100
kv AT ELGERT DU A5, AR A5 37 S L A AR 25 R
HMA AR 53 BT 5 409 K UKL e 8300 5 B 10 pL Ab
RFEA T 25 CoOK VR, H PBS #F17# B&
(V:v=1:1), H##H TR % KX/ (Flow
NanoAnalyzer), Fl4RFMAT-80 C 47

1.5.5 SMMRRERZ BUEMRBAMEAEA
(BSA)FRifiEfh, Hil45 BCA T AR (FARERA
BHEAT) o B4 A B B2 1 B 11 b o i RN
DB 1 AR S A B B A, 43 im A 200 uL
BCA TAEWIRA). 37 C & 30 min, & 5h7E
562 nm PR AROGIE . FIEPRAEMZE, IF1H5E T
HMAHE Sl B R

1.5.6 sMAREE  BUCH 1.5 mL B0, AR
W C LI N PKH67 4k} (PKH67 Green Fluorescent
Cell Linker Mini Kit, MERCK), Bt il 5% 44 B} T4k
Wo TETRW AT, mEESHMATRBER C %
SRR 250 pL, HIARERRFERFTIRST 30 Ik, Fiflk
i 15 5o POHEE 250 pL SMAFR RSB E] 250 pL
PKH67(MINI67, It T Sigma-Aldrich) 44k} T /E
o ST ED AR R R RATIR 2 30 K. RGBS 3
min J5, BN 500 uL JCAMA M35 3Tk TR A

30 UK, 281k OIS I PR A R S 0 43 B 44k
AMAR, DL EBRER A YLkt

1.6 XELFHWENKRMEMEIE KER
B TRIFRM 14 B SCE XS RREEAN AL S, LR
B E R o> B AT B, R R A R
FH o B BEAH M B 1500 romin™' Z5.0 10 min, 7
b, MRS UTTE, N A PBS 28 b S O TR
2~3 K, IR EE, HA SRR, K5,
T 5 B 240 58 VR A5 Sk 11 X% B A 200 i 0 5 ViR
(M AERETE), HUi I PR e sE s, +
10% f& 4 17 FBS, RM1640 55 3% 3855 55 (¥ B
Gibeo), K537 24 h J&, A& 4 7 FE 4109 GM-
CSF. IL-4 4 [H ¥ (25 ug -mL", I F Abcam 2%
ARG, FREEEFER 7d ~ 10 d, BT 3 d BER
P | WEESRW, 205 ml 2.d e 1 IREFFRM

1.7 LPS-Exo. Nor-Exo R IR H 50
ng-mL" 24 & ) Nor-Exo. LPS-Exo Hll 4 #4 28 1k
i L, AE L 24 h 38 09 O I U WS LPS-
Exo. Nor-Exo /& 758 4 2 IR 4 i 45 DL A 5 s
RARIEAAE

1.8 REEE PCR 43l A o AMA R ) A3
23 MR i i (Cerl 41 ) LA K 28 4P K Nor-Exo, LPS-
Exo 1E 5 O 20k 40 A, 5 B4 MLE RNA J5 R
sk ¢cDNA, H T2 i PCR. MR &
i B A5 1 Sz AR &R 38 i 98O a2 i PCR, DL B-
actin 5 N 2, K I 41}l K F IFN-y, IL-12p40 &
ik, IFN-y, IL-12p40. S-actin 5| #FH L% 1.

&1 319F7%)
FEA AR Forward Reverse
IFN-y ATCATACTGAGCCAGATTGTTTCG TCTTTCACCTTCTTCACGCCAT
IL-12p40 ACTTTCCTTTGCTGCCCTTCTGG GCTGGTGTCTCATCGTTCCACTC
IL-4 TCCCTCAAGGTAAGGCTCTGT GGCTGTGTGAGAGGAGAACG
P-actin ACGTCGCACTGGATTTCGAG TGTCAGCAATGCCAGGGTAC

2 HERERH

21 FEZEESHM HDILBE/MENSE. BHS
211 HD11 LA HBHREHE ERRER
WA HD11 20 i 76 o8 e 55 52 55 5% 24 h ), #2481
BB T LS A KORES, W] L2 IR 2 M

Jei 1 HD 11 20 % 25 5 000 3 AH e & A T B 21

Anfb ., Xt HERZH HD11 A& & A W & A Ts 1k, i
RZ M4 HD11 i K 1G4k (& 1) .

21.2 SMRMRREEE KO LH &L

B 2H (LPS-Exo) LA K X} & 21 (Nor-Exo) AMAFE AR,

FH T8 ST R A SR AR A3 0T o 38 33 5 L B

AMAIEZS . Ride K/NE 2) o 7635 5T HL B Hh UL
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Ctrl

HD11

A Nor-Exo

J 4

1 BRLBERIE HD11 40MRT S

LPS

LPS-Exo

B LPS-Exo

KA /nm

0
30 60 80 100 120 150

Nor-Exo

0 v 1
30 60 80 100 120 150
it /mm

B2 e R b
A AMETEB S T ITEZS; B: AMARRIAR 38T . LPS-Exo *F-#kife 74 nm, Nor-Exo “F3 %42 79 nm,

) 2 AREARBIEAS (B b A s Sk g ) 35—l
U1 A BR A (1 2-A) 0 b4, 38 i 42 43 (&
2-B), FEAS () ORE 34 45 G AMACRL AR Y5 [l (30 ~
150 nm) (& 2-B) . ¢ Bk, 2 A SMA )
B SRR RANIFF A SMA R RER, kT LR
30 1o 3 o A B A 3 T MR

21.3 FEZBAEGHRRNSA IR R ARSI
FR A IR0 B d B A3 UEA T3, RS FH AR 4300 5
HALTE 450 nm P KAG OD . #&HE oD {2 Hilbs
Wi 22, A A o it £2 31550 1 Nor-Exo 4H . LPS-
Exo ZHAMAZ 1R PBS 3 FH Y s 22 Wik B8
o S5 IRV, B UESIMAR) PBS TG
ZWEGR B, AT IR B S BRI () M b TG i 2 6
BRE . 455 R, Nor-Exo 2H Fig s 28 & &
7 0.011 8 EU'mL"', LPS-Exo 20 [ i £ 4 &
4 0.012 8 EU-mL ™' (EU HNTERHAL), 2 ZH4h
R fls Z M S RARIT . BT Nor-Exo 41785251

R IR ANANR 28, H. 2 408 2 05k 81 i i 0
B 22 5 X HE 2 HAMAYESR S PBS LT
LPS & &A% LPS-Exo 41f%) LPS &8 T1EH U
il o BEAZ IS Fe %8 40 I 9 LPS fie /il & 0.2
EU-mL ", 1A% 356 vk 21 1) fig 224 5% i A 2
DA SR S8 A0 i ol HL A IR S R AR O . 28 B TIR,
LPS-Exo 1 T a AR 205 0 3 AR o bR, HOHE
B X S S I 2 S A

22 NENBEHWENTRAMAEE FLHCC
0 BE U5 40 B, I L A4 i - (GM-CSF
TL-4) J3075 5 H oAk, 77 10 B VAR 40 2 1ok
W07 d JE BN RE A O, A B 0 20 AR VR T K
(B 3 B EH L TE) o

2.3 FI=IRZABEIREL LPS-Exo. Nor-Exo feBYFZ
BT PKHOT J&—FBEYLRE, ol X 20 i i i 1 7
Jefa, g e IR A a9, IMES
PKH67 4 € J5 , P i o 8 i 3 00 v 22 B it 5 11
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Yol o7, B A& ar g AMA Z: PKH6T Yt f i i
50 ng-mL ™ AL B RO SR A0 MG . I B
A BT LS AR 2 R 0 L %o 3 8 A /MR ) S5 BT 150
(FE 4) . FFAEm SRR AL B, ZEDOEALEF T o]
PIAINE] i PKH67 brid AMA R SR 9655,

Nor-Exo

FOEH

AT DIIER 2 20 AMASA Bl B 50k 20 e 48 e, IF L,
LPS-Exo Hll 3% B 4% 58 K 21 B Oh /2 T8 Bl B e 5 T
Nor-exo ZbFH4H , 1580 LPS-Exo AbFH R4 2 1R 21 it
TR o

LPS-Exo

B4 RECRAHERAME

24 MBEETFRIEKE EPOEE E PCR A
DU SR 20 M 305 A F5 7= A 175 - B Y T 9k L 40
A3 R F8 AH 56 40 L PR T~ TEN-y. IL-12p40 F1 IL-4 1Y
FkKFE(K 5). 5 Nor-Exo % tr, 4 LPS-Exo
R, 16 Ak B 2R 40 B = A 5 S B Y T 41
i im] Thl B0 LA 4B AL F- IFN-y, IL-12p40 ik
¥4 b, 17 Th2 BYAH M+ IL-4 A9 3Rk 52 TC
WS LR, LPS 7550 40 M ) SMA
AT ARSI T 3C B XS A SR A IS £k 77 A 43U Th
AUGHAL T, (i 2E 20 B e 2

-
5000 b mm Ctrl
‘3‘888 r *** =3 Nor-Exo

2000 mm LPS-Exo

0l

IFN-y IL-12p40 IL-4
Fls 92 PCR KA DAL R 7Rk i

G514 One-way ANOVA, ***3£ /R P<0.001, H
Hh B EESR, =3,

H AR/ 2
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ARG I AR INSE IR ST LPS R XS E
2 1 MK ST X R R 5 TR A M T Ak 1 5
Wi, 25 53R B, LPS H13 XS F W 4 i ™= A= 4 SA AT
B SC B XSRS bR A1 f 5 O 75 T R S HR 4 L
Ak, TRV 430 K Y Th Y20 i R 7 LA AR 1 40 it
GPER S o AHIFFTEE S R I & R 22 0 o ik s 4
P AMAS (1 kg — b BURE ¥ 44550 1 S B A8 1)
RERB T B AL T BRI A

X B S AR 20 i 5 i FL B 2, B ELAT
SAHBYRY T 4015 Thl BUAT Th2 B kA ShaEN,
o, Thi B9 46 Mo A iF 2 E S g LA B3 Ak 1 5 44
Jid . NK 40 Anan st T bk gnd, 2= i
PRI AN 25 | M PN 2 A TR R i B g Y i
2% . Th2 RUZH AR 3= 2 A St X AR IR B St dn g
HNEFA AT A SRR 2R AR TR S N
PR KA PR LA TR A 5 1 G 988 RO A 4k o
Th2 BI4N M 7E—E F2 LAl Thl BY40AE A ThfE,
DAAERE— 22 1Y 2R AE LA S A2 &5 . TFN-y, IL-
12p40 4 24 Thl B4 i 5, 7T 5 5 T 40 i 1)
Thi BIiE Ak i IL-4 o5 Th2 B4R H 7, Al S
T 4 fa1a] Th2 B3 4k Hor IL-12p40 AR A 4
A5 20 M B4 L K2 TFN-=y B9 77 4, B4 5% CD8'T
Y1 A/ U TFN-y RT3 58 MHC- T 2843 F 19 4E
FH, AT RS0 -4, F04H] Th2 345804 TL-4 w] DL 14
IL-12 BY7KF i Thl B 534E0,

2% F A 2 GM-CSF., 1L-4 41 fits X 1
SPGB R 2 R 0 A AR A, O
LPS 75 5 1% S B 5 R 4l it 736 b J= 46 I 2] IFN-y,
IL-12p40 %5 Th1 BI4NAE A T H9FEk Ei LK Th2
RUZH AR F TL-4 () IR, Jf ik bk 2 40 B TR
A S YRAIE S 28 LPS S (1A 20K 40 i 2 A 45
T WRELAN G FE R T D RE U, 5 Rk 45 R
AHARL, A5 38 1 5 2 2 PCR 4347 mRNA 7K
I EE s, 55 AR A S IMA I A A% 2 fR 240 A
e, SMAYE 4514, JGi& Nor-Exo 5%, LPS-Exo ]
AEVE S 2K 40 B Thi &40 j9 X F IFN-p, IL-
12p40 By kM L2 i IL-4 FKixm LA B 2R,
Nor-Exo X 44 5 1R 41 i 9 1 1A F 7T B T LA
By RV TR SC B XS AN, PR s 22 R R (4 n] g
VSR T S 5 R B R VR AR 2 bR A0 L TR0 T 3 Ak

IH L AEPUR SIS N . {H LPS-Exo fill3ch 2Rk 41
JL T Ak 7= A A A PR 2K P22 8 25 = T Nor-Exo,
XS AR R WEES] LPS-Exo i SAOR
RN PR R TE R 2 5 RAHST . i T O HERR
BREH LPS (T4, R, ARWF5E B LPS 5 g H
Wi A L R AMAC S LPS A AH IR AR, o] (R 4M s S
SC B XSG 2Bk 40 AR AL I 2E R IE Th s i
%o WM LPS HA — B, 1 AR Ry i 5 fiff
FHZ BRI AMA A DA 2R 4, BT DL LPS-
Exo A AU A R LPS B# BA

O W58 2 B, g I A B e 119 5 W 2 i 2
B Z (9 AMA, Ti#EH MHC-1 . MHC-TT &
WA A3 1R 3K B [ IV 200 e R S MAC R ) S AR AT AR
ZE MR A0 B A DL R, AT LRI T 40 A e S
AR S — T T, 2R E T LPS SN R
Y il RAW264.7 [ FMEIEAT T 8 FT 4L 24 1 53 #r,
iR WoR Hrh A KEERE T, I HizsMES
5T ZFRAE(E Sl B RE T, PR, LPS FI#%
P4 RS 15 8 200 L Y0 &R th T i Py LB AT A 4R 4% IR 1
ol B2 T P 2 A WA S SR A TR AL, 15
S A Th BIYH AR 1 DA 2 355 B S ek e 44 i
B DR E I 2 N o i B E— 25 R T 5 241 i
U5 AMAAE G g2 I 22 RN TH 2 55 04 4 F- 344 A S AR
KA

25 LTI, NG 22 W SO 15 v 200 TR Tl A 1
PR AT SC B R SR A M HR R, I HLAT LA 3¢
BB SR A0 L A, IS MA AT VR R S92 {4 5
WV LETIRE, A4 RN R .
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Exosomes derived from lipopolysaccharide-activated macrophage
cell line HD 11 cell induce the activation of dendritic cells from

Wenchang chicken in vitro

XING Niwen, XIE Yan, QIN Yao
(School of Animal Science and Technology, Hainan University, Haikou, Hainan 570228, China)

Abstract: It has been demonstrated that exosomes derived from macrophages can be used as adjuvants to
enhance cellular immune response. An attempt was made to explore whether exosomes derived from
lipopolysaccharide-activated chicken macrophages could be used as immune adjuvants for the potential
prevention and control of epidemic diseases in Wenchang chicken. The exosomes were extracted by
ultracentrifugation and identified by transmission electron microscopy and particle size analysis. Subsequently,
the exosomes were labeled with PKH67 dye and co-incubated with bone marrow-derived dendritic cells from
Wenchang chicken. The uptake and activation of the exosomes by the dendritic cells were observed under a
fluorescence microscope. The results showed that the exosomes derived from chicken macrophage HD 11 cells
stimulated with lipopolysaccharides were ingested by amphioxus-derived dendritic cells and promoted the

activation of dendritic cells.
Keywords: exosome; macrophage; dendritic cell; Wenchang chicken; lipopolysaccharide
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Advances in the interaction between mycoviruses and

host fungi based on multi-omics

FAN Yu, HE Zhenrui, HUANG Xiaotong, YANG Mei, ZHOU Erxun

(Guangdong Key Laboratory of Microbial Signals and Disease Control/ College of Plant Protection,
South China Agricultural University, Guangzhou, Guangdong 510642, China)

Abstract: The principles, methods and steps of multi-omics, including metabonomics, transcriptomics and
proteomics technologies, were described, and the current status, future research directions and the advantages
of high sensitivity and high throughput of metabonomics, transcriptomics and proteomics technologies in the
interaction between mycoviruses and host fungi were comprehensively analyzed in combination with their
research cases in hypovirulent mycoviruses. This review is helpful for deep exploration of the effects of
mycoviruses on host fungi and their molecular mechanisms, and provides methods and ideas to determine

whether mycoviruses can be used as biological factors for control of plant fungal diseases.
Keywords: mycovirus; multi-omics; interaction; biological control
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