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TF, B A. flavus RAEW IO T BT, @) RALNE K QAT 20 B ERE L0 REILK,

#E A flavus B R TR ; G AR Z D RAAR RN A B KA APV AT F £ A flavus R H
%o, [ R Y BAREH A B0 IR E A 250 mg/kg B, #8495 X 3] gz 47 H]K-F; ) K41 4R
AW A A mEa sy h MR R T A flavus R B EA 69 ICR D RAR,; EAFEAER P,
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Z_ R 69 £ 5 smE APV 889 314 A. flavus H93 R A T &, 122 %A A. flavus £ FIH 3689 2
HE., (446 AT EN D R EBER B IFN A flavus AHRZ A KR AN L7, BB RE
AfPV1 8 B TEIK T 58 £ A. flavus 95 7).

KR : Aspergillus flavus, B H #; SR H DR, RERERA, BHIKEIH, AREH
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Abstract: [Objective] To compare the virulence of different Aspergillus flavus strains and the effect
of the mycovirus AfPV1 on A. flavus virulence to the established immunosuppressed mouse model.
[Methods] Institute of Cancer Research (ICR) mice were intraperitoneally injected with different
concentrations of cyclophosphamide, and the degree of immunosuppression was determined based on
the number of white blood corpuscles. Different concentrations of A. flavus spores were inoculated
through nasal drip and caudal vein, and the optimal inoculation amount of A4. flavus spores was
determined based on the mortality rate of mice within 14 days. Fungal load and pathological changes of
lung tissue were employed to determine whether the mice were infected by A. flavus. The effect of
AfPV1 on the virulence of A. flavus was finally evaluated with the mouse model. [Results] The
cyclophosphamide at a dose of 250 mg/kg caused the immunosuppression of ICR mice. Fungal load and
histological changes demonstrated that ICR mice were successfully infected by A. flavus. In the nasal
inoculation model, the inoculation with 40 pL (1x10° CFU/mL spores) 4. flavus was suitable for the
evaluation of 4. flavus virulence. In the model of caudal vein inoculation, the suitable inoculation dose
of A. flavus was 50 pL (1x10° CFU/mL spores). AfPV1 weakened the virulence of 4. flavus while did
not affect the load of 4. flavus in mice. [Conclusion] The constructed mouse infection model could
evaluate the pathogenicity of A4. flavus strains, and the mycovirus AfPV1 infection reduced the
pathogenicity of 4. flavus.

Keywords: Aspergillus flavus; mycovirus; immunosuppressed mice; infection model; caudal vein
inoculation; nasal inoculation

HREG R — R E W, LLER NE T dsRNAU . T &8 B 8 M F 9 s T
FR e, HET R HIL R A IR 3 Fl. 50 R, ERRSIES TR EG A &
X4 RNA (double-stranded RNA, dsRNA), B B, 78 il 25 A6 i 2] 6 B 12 95 2 0 45 S0k 25
5 RNA (single-stranded, ssRNA), i DNA, Bl(Partitiviridae), 45 FH(Totiviridae), 7=
EREISENNER Q=N F kA e YIS EEN A P H B W6 7% Bk (Chrysoviridae) , W i 9K 95 7% FF
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(Reoviridae),Mega X RNA i #EH Megabirnaviridae),
VU 4395 B BH(Quadriviridae), W RNA 58 F
(Endornaviridae)'®

¥ W1 5 (Aspergillus flavus, A. flavus)i&—
FMBURE, Jesl R IEFIE R 22 M R
B85 — RO AR, AR T A i 2 (Aspergillus
fumigatus, A. fumigatus)' "', FEid £ ILT4E
B, B Es e nY LA RIE Sy il i B 3
kgt v E AR AT i R A B B
Y HA ZmK YRR B). =M (Bl bk
e R ST A AT U R ) FIRR 11 7 2R 28 (R TH 2%
VAR R 25 3 2500 A, BLE R 2 RIE
AR, K558 A. flavus 7= 25 1EN 01,
W, SR AR EE IR YT J 58 02 24 Hi 2 7 il D
MR, FERR AR PR R E T, KZ
B TR B 09 SR 0 1 T B IO 1 R 5
M, HAG 2L BT B R RE S T BUE E A
AR KT KBOR MR EUE RS B R AR, XL
555 B3 AH 5G9 55 2 W B TR R T I AL
UWHRE S19% B¢ CHV 1 (Cryphonectria hypovorus 1)
S N F S B B ia T, AIKEE B R
IR M EAR R T T R E e E,
LR 5 BE 75 FH TR 97 AR 3l ¥ ) 5 T TR
ATh BRI — A A e A U T8 AT R 4 A
BRI —RBENS 5 4. flavus FKTRIGFIR | 17
7 D AR K S ) L R R (A, flavus
partitivirus 1, APV, (HHIG 7 S iR T 5
E—2B W5

i A R () S BB TE VT Z2 B9 Th R iR
B, 5E%. KK R ik B3]
A A fi it 5 0 R B, IR A 5 M ot s
4 Ep PRSI AL MR A R A0 o
il A PRI 20 55 N S e PRI 2 g B [, /N By A 3
A A AR AR SRR A A R SO, HL
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SVFSLE, BAHML, BUNBEE BB ik
B AEY) . EATT R Z L IR T BRI Eok
1N T i s e s A R i ol TR T
DO E N ¥l A N TSR A S 9 N
Py AR A B RR ik, 15 B RE A FRUE TR FLIA
I B 0T 1 32 L BE 1 5% W 16 A B B Ik e A
A, G R R B PN LN APV X
A. flavus B I 05200

WL

1.1 SKIg#F#L
1.1.1 XEzs

ICR MEPE/NEL, 6-8 RIS, (KEE Sl 20-24 g,
W B s ERF R 2R X s by, VFATIES -
SCXK(%%)2019-0010, 4324 3%, HHHEEXK
K, 750 mL IR HH/K ¥ f# 250 mg PUPRZ i
PR, PRFRI IR IR EEE T o
1.1.2  H#k

A. flavus LDF1, ANHEAAT AT 5 7 AR I
WEREREEHTE, A. flavus LDF1b3 (55 AfPV1 &%
YLTERR LDF1 W A. flavus), TERBAT L SC
BR[19], APV JEHZH 741 E 5k A NCBI GenBank
(No. MK 344768, MK344769, MK344770), HiA
DR F A ARAS
1.1.3  FERFIFLEE

U IR 2 (95%) , Ml R £h 2% vhi , iR -80
(70%), kiU £ (916-964 pg/mg), L AL Solarbio
Oy BRI (97%), 3 [E ER 78 Sigma-Aldrich

/ZA\'_‘

&l

W8, LEICADMS00; b4, K
HFESAIWr; B0, GENESPEED 1730R; #f
BEML, ZEYE/R; MANMEiH%EH, Neubauer; i
Ut , UgEH L SW-TFG-15; #a, sl
SRS R A R A A
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1.2 EFE

T R A 728 W B IR B 57 3 (potato  dextrose
agar, PDA): LA 200 g, MIKEL:, 4 24045
TEUE LR L e, MY 200 g S BBEH 13 g,
ZEWKERZMAF1 000 mL, 121 °C K 20 min,

LRI H(g/L): NaNO; 3.0, KCL 0.5,
K,HPO,-3H,0 1.0, MgSO,-7H,0 0.5, FeSO47H,0
0.01, FEWE 30, g 15, ZRB/KERZMHH
1000 mL, 121 °C K# 20 min.
1.3 EERHE

¥ A. flavus LDF1, LDF1b3 4334550 T
PDA H53Rdk b, i HAE 30 °C 3R AEK 5d
ZJ5, 10 mL %% 0.1%0 15-80 AU MR $h 2% v
7% (phosphate buffered saline, PBS; pH 7.2-7.4)
Mk PDA Ki R M2, SR 8 2 KA
PR AC R, IR & TS B
T4 8 000 r/min #5.0> 10 min, 3% [, PBS (%
0.1%Ht ¥ -80)FH K F &, 8 000 r/min B>, i
Ik 000 24 R SRR T R O AR e S g R U A i
B ERL T ROMREE N 1x10% AN TR 9% T2 BB 07
(colony-forming units, CFU)/mL, 1x10° CFU/mL,
1x10® CFU/mL.,
1.4 B HRBiNHEE

VISR (1) 25 2555 it 43 21, 534 100 mg/kg
e | 150 mg/kg I H 4] . 200 mg/kg w4 .
250 mg/kg 4l . 300 mg/kg )i 4 Fil Ak BRER
IKXFREZH, Tpd 5 HU/IN o AN [R5 & Bl It i
G TARRE K . BT /NRIR LR ik
AT AR . TS8R do. d1., d2 J3dliE
T MR S ST 0.2 mL ABEMERE . X REZH /) B o
i 1 S ) SRR A B R K . F d1L d2. d3.
d5. d7 #EAT/NEURFRPKCR I, I 20 bR
A G ENINSE [0k G i S A S Bt ) OV R Y
FI /I B A5 32 3 S e il

1.5 HEEMAZERSH

IR B — e e R ), S XN
RO mE R, gl IRE, 8RN
TRERS T [ /INRBE T, DR I 22 A 8 %) HE A 9 o
B e X S IR 25 SR s . SEI /N BB AL 4
A, R 20 H/NEL, SR SERd | SR Xt B
(mock) A% 1%} B 2H (untouched, UTC). SZHZH
MG R B ROR 50 3 41, 1x10* CFU/mL
ZH. 1x10° CFU/mL 4. 1x10° CFU/mL 4;
PERRYL B RR 2l 2 41, RS A B A bR
LDF1b3 41, YA AT 5 # & LDF1 4. =
% Lan 055, REbkEER L HI/NERUE 2
/N, EA /N R KRS 50 uL
o F AR, S SR AR A AT I I . e R
HEZH /N GRS DK 0 20 (R S AR FRAE JRER K, 2S5 1
Xt PR AL B, 22% Kalleda Z5RF5E),
BRI« 5% MK G AR 25 0.1 mL/20 g
IR G e /N B, RS TR T 50 i T B 2
]/ B S S LN 23 N 212 A 40 pL Y i F
B, /MR ERE, AR 10 min, HE
BRI TE RN A o s B A 2 T A R AR
AEPRERIK, S AL A B
1.6 R IR RALER SENE

NEURY RS 14 d N, B H WY
ALERAS, R, ]S ET R, ITEAANE
., RERIKEER /N RAERGY S d1. d3. d5.
d7 B AH [R]85 BR L BEAILAR BT 5 HU/INVER, B
FRAHT . B RA412Y, MERA LI BT ARHE,
AT BRI, A TEC 1 g 4,
BT 10 mL PBS (1% 0.1%0 i-80) AT H L1 5
HALIR T SR/ RAE IS d1. d3. dS,
d7 BAR RIS 1) s AR AL B ALAR BE 5 FUNEL, B
BRI, SRE MBI SRR, 4G JC B S b ek
go, R ARM. CHAMF TR 1 g HE, &
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F 5 mL PBS (% 0.1%0t i -80) k140 21 5) 3
ABE, SJHRBEERRES , M50 pL IRATTESRIR
FiFREE(E 200 pg/mL kAR b, AR
34T, 30 °C Hi3% 3 d Rt TRk HE, if
A e TRV BU(CFU)
1.7 REBHAY R

TCRBCT G 3 d sy /NS, B
INRAL AT PBS ik TG, BT 4%
ZRWMERE 72 h, P E GF 2 T4
I, 1R, AR FIBE 21 44 8 (haema eosin,
HE), XA P B r i s #5000 v A5 75 M
%E%%@(Grocott’s methenamine silver, GMS),
WG ZH 2R 2298 U1 L
1.8 HitF5HMHh

X H Kaplan-Meier 345 il 4 17 i 26 3% H
KRR 5 (log-rank) E AT A A7 B £k 0BT, HEAR

(QA _EA)2 i (QB —E )2
E E

A B

(OQ4: 4 A WA MERZH, Qp: 41 B M
AMEEZ N, Eq A BT8R,
Ez: # B WITAMBEBZH); 2 LECRM
Bonferroni’s multiple comparisons test 5% 73 #T
HIE e 25 5, WK AT 22 5. A Sk
5 B 09 G2 11 43t A0 AR B34 48 2K F - Graph
Pad Prism 7.0, P<0.05 AZESFAZRITFE L.

2 BERXR504

G IS RAR B B B L
FHELFXFRRLE, SCB0 20 /)N BRI s T G Al
W), AME I A A0 A s, SEEE 7 K,
100 mg/kg ZH 1Y 1 4R ZCA (5 19843 352)4/uL,
ESXT R T A g 2 S e g T2 . 150 mg/kg
ZH Y A (5 466+£125)4/ul , 55 BEAH 40
g2 S B 4127 3 L (P=0.002), 200 mg/kg
ZH I AR (3 633125)4/uL, 5% BRZH 1 40
Mg 2: 5 B Geit#3 L(P<0.001). 250 mg/kg
HE AR (1 783+£75) 4 /uL, 5 X HR4H
g 2% LA Ge it A L(P<0.001) (& 1),
TE 300 mg/kg SLIRZHH, 5 1 RS A B mERE
JEA 2/5 BI/NRBETS, 55 2 RIS IR S A
4/5 W/NFRAET S, Xof BEZH K Al i S8 4] do-d7
WI/NRAET: . 100 mg/kg S2H2H 5 150 mg/kg
SEHGLH A AN ETE d7 JRER R, A gk
S I RLE H /N B A0 B g K P o 200 mg/kg
SEu2H 5 250 mg/kg SLIRATE A7 RIS AT
B A HAR T 15 K . 250 mg/kg 256 2H A9
A AR T 200 meg/kg SEILH B9 1AM AR,
[ L 1E 5 KPP MBS AR (7 292+100)1~/pL,
HIG/NEBET:, Z A g i K SR 2414
TE {57 0% S 40 A5 AR /) B P 200 PRS0 KR R

2.1

Fz 1 AREFIEEEE AR TS E /R INE I B 4 A1+ 4
Table 1 Leukocyte counts in mice peripheral blood after different doses of cyclophosphamide injection
Leukocytes counting in mice peripheral blood/pL

Groups

d1 d2 d3 ds d7
100 mg/kg 4 400+1 737 2 783+730 2 150+285" 1 433+125™ 5198+3 352
150 mg/kg 7 725+1 075 2 833+125"" 1 500+50™" 73045 5 466+125"
200 mg/kg 8 466+1 674 2 1334325 1433+75™ 700275 3 633+125™
250 mg/kg 4750+1 237" 23504100 493+10™ 750+100"" 1 783+75™"
300 mg/kg / / / / /
Control 7 040£10 70254925 8 575+1 025 7 950600 9 075+125

Statistical analysis was performed for comparisons between experimental group and control group. ***: a significant
correlation P<0.001, **: a significant correlation 0.001<P<0.01, *: a significant correlation 0.01<P<0.05.

<l actamicro@im.ac.cn, & 010-64807516
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h—%, i 250 me/kg BIFRBEBEILS 2575 &
VE R by e e P i B TR 55 i, I )5 22 S o
2.2 A flavus 3| EHGRERBIEIE TR

A. flavus LDF 1 JBY9REE 510 1x10%, 1x10°,
1x10° CFU/mL, J&YL 14 d J5 IS5 SRE, 15
IR A2 o i R R i R R A o e
U FE N 1x10° CFU/mL B}, J&Ye/NEAE d4
FHRIBAET:, FET-% N 1/20, H 14 d 4L
TR Ky 8/20 5 YL 1k i 24 1x10° CFU/mL I,
JBRYL/NRE d2 TR IRET:, JET-R N 2/20,
d3 BT %K 5/20, H 14 d BIZLIET-H Ny 18/20;
JERYLAL AN 1x10° CFU/mL I, 84/ BUFE
551 R BIBET, SET-% R 5/20, d3 IBET
A 14720, H 14 d IWZFETHR 1720 (B 1A),
T SN ek v b e i g R e i A oy e
HIFH R 1x10* CFU/mL B}, J&RYNRALE d3
FHRIBAET:, FET-H N 1/20, H 14 d AL
T-%H 4205 JRPIFHE R 1x10° CFU/mL
mF, JRYNERE d2 FRERHHBISETS, FETORN
1/20, H 14 d ZFET-2N 7/205 B E
7 1x10° CFU/mL B, J&Y/NRTE d2 FRiR H B
FETS, BET-H N 2/20, H 14 d ZIET-F N 10/20
(F 1B). A RN 210 G 3 i Xof B A K 28

(A) 100
P<0.000 1 e i
80 o R e =
- *-- 1 - UTC, Mock
S 60} ! a-=""7 -»-x10* conidia
= == i -+- x10° conidia
£ 40h E ‘_.‘g -'-Xlﬂgconltilaj_.
B [ .
20F ¢ i =
] - -l
Tt e L
0 2 4 6 8 10 12 14

Infection days/d

1 /NEEFE LDF1 BEGFHE%E
Figure 1

FIXF AL I/NR I BIAET S, SET-%A 0. FEJEH
WAZERI AT | RN IR EE R 1x10° CFU/mL
/N T IBE T Rk w6 A ST 4 A A i
FERD M J 1x10° CFU/mL A4/ BRAE T 33
BRI 1x10° CFU/mL /N RAET- 3 4R
GV A. flavus TR Z [BIEOR 11225 It
R ORASLIGHR FH RN 1x10° CFU/mL ¥ ik
s
2.3 EEHSE LDF1b3 SRETHRER
¥k LDF1 IE H b

LDF1b3 5 LDF1 AR 4 1x10° CFU/mML.
FE R IR RN R, NI TEIR YY) d2
JHiA HPIAETS,, LDF1b3 414ET-% A 1/20, LDF1
R 2/20, J&Ye 14 d )5, LDF1b3 &A1=
M 15/20, LDF1 A ZF01-% 4 18/20 (& 2A).
SRR EA B E 22 5 (P<0.000 1), 7EiH SR
/NERBE R, LDF1b3 417E/& Y5 d4 FF4h
INERBET, BET-#N 1/20, LDF1 H7EEYY)S
d2 JFIRHBU/NRBET:, FET-% R 1/20, Jkge
14 dJ5, LDF1b3 HiHZAIET-H N 4/20, LDF1
AT RN 7/20 (K] 2B). 45 R HA BEME
Z5(P=0.015 3), PP a0 e i xd
HEZH R s ot REZH O/ N BRAET S, BET %50 0,

B) 100

-~ UTC, Mock
£=0.0012 -=-x10* conidia
80+ -a- x10° conidia
o -+ x10® conidia
S, 60F
§ § e .
s 40 -
= T —— A
20+ : A= | ]
. :_ T ______
" --- \----I

0 2 4 6 8 100 12 14
Infection days/d

Survival curve of mice infected with LDF1. Mortality of mice infected with virus-free (LDF1)

intravenously (A) and intranasally (B) for 14 d. A: P<0.000 1; B: P=0.001 2, a significant correlation.
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(A) 100r  p<0.000 1
* .................... A
80} e
" : |~ (. ik
é At ]
2 601 Aot W=
E : i - UTC, Mock
S 401 . Atk = LDFIb3
‘___ﬁ--' » LDFI
20+ A
AW
-l : : : : 2]
0 2 4 6 8 10 12 14

Infection days/d

2 MRBREMERMEFHLE

®) 100 P=0.0153
80
2 - UTC, Mock
= L - LDF1b3
£ o0 + LDFI
<
S 40t
= e e .
207 ‘...é'v§.‘- . ________ ’
govons ,’-___f'

g
0 2 4 6 8 10 12 14
Infection days/d

Figure 2 Survival curve of mice infected with 4. flavus. Mortality of mice infected intravenously (A) and
intranasally (B) with virus-free (LDF1) and virus-infected (LDF1b3) strains for 14 d. A: P<0.000 1; B:

P=0.015 3, a significant correlation.

DR uht 194 e 4 ol e Ty 5 22 WD 486 ol G 25 A A
LDF1b3 # R T 2 Ak LDF1 [ 7,
TR EE APV FEIK T 16 3 A. flavus B0 71 .
24 HLEREGRNE

SE AR, INRFEHEFN LDFIB3 5
LDF1 6 725 , 4230 35 17 far Bl 5 B 8D 1Y)
B, BB R, 7E R F K R
W, NERIEREYE d1 | d3. d5. d7 J5, LDF1b3
AN R T fr i L LDF1 417, 1
d7 B} LDF1b3 44 HIA C R, LDF1
HAE HEE5(F 3A. B, C); LDF1b3 4/
R T 20 2 %) B % 67 v 1 b LDFL 4170, 7 dS i
LDF1b3 41l B O g bk, LDF1 41 d5 13
HERFEF(A 3D, E. F); LDF1b3 ZH/NEEF
AR KRS LDFL AT, 76 d7 N f2H
WA EEEME 3G, H, 1),

FET SR h N R R, d1 L d3,
d5. d7 J5, LDF1b3 41/ BRI A B 7% 1 fof o
¥I LDF1 2070, 1 d7 i LDF1b3 4130 2L 4
CE bR, LDF1 454 Hi e s (Kl 4A. B,
C)o TEMFHERMEERI , /NG LDF1b3
PRI P2 3% A B8 I T8 LDF1 B bk

<l actamicro@im.ac.cn, & 010-64807516

JE W TETE T g, (2B S RA R #E L,
iS5 E R R qPCR 25 R —2 .
2.5 fRIBLLLAYIR

/NEFER A. flavus LDF1 5 LDF1b3 J5 3 d,
A DL LR B s £, A B, SRR Y
) e] DL R 22 A AR R, HE Y fam] WL
MR L, MR ZE R EEEL, N, i
(i) [ B 3 0P S 344 8 . W A I (KD 5) 0 XTI
Y12 2R ek, MM A A R AL L 4 R R
A. flavus LDF1 5 LDF1b3 ¥JHE s @G /M.

3 WwE5E®

Bl E RS R, X bR R
P r ALy, AR 8% B T 40 M B il ) AR
ey MR B AT, e SRS A REE i 2
SEMER N R ERBAETHEP, T A
BRI 5 125 95 1) 2 9 AR AR A L i i) i
o FEARBESE p, ATSH T AR /N
e B R th B R ik, IR TIE Y
ERH TN A. flavus AR Z [IEUR 19257
WIS R BB AP ER YL 4. flavus B9 44 1 B
Mo R KT SRR B RS A —
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(A)

. - DILDF1b3
PLOO P40 gypp

P=0.600 P<0.001

2w B

Fungal burden/(Log,, CFU/g)

| 3 5 7

Infection days/d
(D) A
[ P01 o pF1b3

—
T

Fungal burden/(Log,, CFU/g)
(S

£=0.020 P=0.100 = LDF|
| I
0

Infectlon days/d

Q@ P20999 miDr
= FO 999 P=0.999
O 4 |P=0.99 —
2
o) 3r
=
g 2t
=1
5t
=
oh
S0
£ 9

Inf'ecnon days/d

3 NREERBKIEMEE A. flavus IFRT, B, BELASRFREZ T

Figure 3 Fungal loads in the liver, lung and kidney of mice with caudal vein inoculation of 4. flavus.
Time-course of fungal burden of liver (A), lung (D) and kidney (G) tissues; the colony plates of liver (B),
lung (E), and kidney (H) on day 3 of infection with LDF1b3; the colony plates of liver (C), lung (F), and
kidney (I) on day 3 of infection with LDF1; P<0.05 a significant correlation.

(A)

5r = LDF1b3
4 P=0.791 w= LDF
—=7 P=0.569

36 B U]

—

<

Fungal burden/(Log,, CFU/g)

i P=0.001
5 7

Infection days/d

4 IRiFHEIEMmEL A. flavus 5 Fh4HLR 51 32 TR E Z 1T

Figure 4 Fungal loads in the lung of mice with nasal inoculation of 4. flavus. Time-course of fungal burden
of lung (A) tissues; the colony plates of lung on day 3 after infection with LDF1b3 (B) and LDF1 (C); P<0.05
a significant correlation.
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Figure 5 Histopathological features of mice infected with 4. flavus. Red arrow: fungal mycelium mass.
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