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ERKERERRCEBRERNNREE,
SHMFIEER

# AT FEAT O£ B Omog' om o omb»?
1,2,3 sg o1, 2, 3F**E 2 1,2, 3%**
il [ (4

(1. fRERMAR R 8, AR 3500025 2. KLY # R EZKHOTECA TR, M 350002;
3. RERMKF BRI T, 8 350002)

B E [B8) AW BEEEEEREE Ascosphaera apis 25 JEFR 13 %8 ( Quinate permease, AaqutD )
HIBALTE R AN TAHHEAR B, IRA TR AaqueD 3L AT BEMF s SRR 235 [ 3% ] @it PCR ¥4
AaqutD FI#T5)F 31 ( Coding sequence, CDS ) Jf-i#47T Sanger 7 . i FHAH SCEAE M AaquitD FIERAL R |
G K BERRALALA . TR . S E A BAEM 4% . FIH MEME 41 Batch CD-Search T H. 7}
o) T 0 e R DA RN AL 10 PP LT quiD T E R ST I T IS 35T Mega 1.0 B {44 2 i BR 4% RN
Fof 11 FhECPE quiD RS . R RT-qPCR Ao 2 14 35k 22 A = Y h 446 % Apis cerana cerana T
Ut R daqueD WA RIE R, [ER ] WI7EkER] daquD #) CDS, AaqutD TR IEFREH A TP R
5. AaqutD [ T-EZAH 59.66 kD, 73T 3N CrresHa140Nes00733820, NEIERE N 88.77, il 7.51,
FEK RN 0.286, AaqutD FIRIEEN T . R RANNEE; AaquiD & 40 D EERRILAL A,
240 4~ a-BEE, 111 KEEKEE, 29 4 B-56fa, 155 DM, (RS HEAESIK, AaqutD SR
AOA168DJE0.1.A Z A [F TN 100%; AaqutD AJRES MR E A p73 % 10 NMEATAE, Bk
FAHAL 10 P A quD B 1| MHEFRZHIER (Sugarte) #1011 MHFEIRGREILT . EEERERE S
FRIRFE T Ascosphaera acerosa B qutD FESEALR 23R R —32 AHETHFN S 1 d( 1 day post inoculation,
1 dpi), ZHMIE T daqueD WKL 2 dF1 3 d ¥ EBE LI (P<0.05), [£i®] AaquitD E—FE#ER
FARPERBNER, FERREFMEMERLN qutD A RENEFE SRR, EReRER S5 ReRE
WIIRBEN quiD SRR IR, AaqueD TE 5 W bR T 2 Yl i A8 2 e T 06 4 iy iod 2 bl Bl 285 08T
KW EEKEN; ERRBEN; TR REiHE; Rk

Cloning and expression of the quinate permease gene
in the fungus Ascosphaera apis

FAN Nian'"" WANG Yong-Jie'”~ WU Tao' CHEN Xin-Rui' ZANG He"*?
QIU Jian-Feng"*?® CHEN Da-Fu"**"" GUO Rui"**""
(1. College of Bee Science , Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. National & Local United Engineering Laboratory of Natural Biotoxin, Fuzhou 350002, China;
3. Apitherapy Research Institute of Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract [Aim] To determine the physicochemical properties and molecular characteristics of the quinate permease gene

(qutD) in the fungus Ascosphaera apis (AaqutD) and thereby provide a foundation for in-depth investigation of the function of
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this gene. [Methods] The coding sequence (CDS) of AaqutD underwent PCR amplification and subsequent TA cloning.
Predictions regarding its physicochemical properties, signal peptide, phosphorylation sites, secondary and tertiary structures,
as well as protein interaction network, were made utilizing appropriate software tools. Conserved motifs and domains of this
gene in As. apis and ten other fungi were forecasted through MEME software and the BatchCD-Search tool, respectively.
Subsequently, a phylogenetic tree was constructed using Megall.0 software. The relative expression of AaqutD in As. apis
infecting worker larvae of Ap. cerana cerana was assessed using RT-qPCR. [Results] The AaqutD CDS was successfully
cloned. AaqutD was expressed in As. apis spores. The molecular weight of AaqutD is around 59.66 kD, with a molecular
formula of C,76:Ha149N6890733S29. It has a fat coefficient of 88.77, an isoelectric point of 7.51, and an average hydrophilicity
coefficient of 0.286. AaqutD was simultaneously localized in the endoplasmic reticulum, mitochondria and nuclei. AaqutD has
40 phosphorylation sites, 240 o-helices, 111 extended chains, 29 B-turns and 155 irregular coils, however, it lacks a typical
signal peptide. There is 100% sequence homology between AaqutD and the template AOA168DJEO.1.A. AaqutD may interact
with 10 proteins including the tumor protein p73. The same structural domain (Sugartr) and the same eleven conserved motifs,
were identified in qutD in As. apis and 10 other fungi. qutD of As. apis and Ap. acerosa clustered in one clade on the
phylogenetic tree. Expression of daqutD was significantly upregulated (P<0.05) 2- and 3-days post-inoculation (d) compared
to that at 1 d. [Conclusion] AaqutD is a potential hydrophilic and intracellular protein that is highly conserved and

homologous with the qutD gene of other fungi. AaqutD is most closely related to the qutD gene of Ap. acerosa. AaqutD is

significantly activated in 4s. apis during the infection of Ap. cerana cerana worker larvae.

Key words Ascosphaera apis; quinate permease; molecular characteristics; phyletic evolution; expression profile

HABSEWE Apis cerana cerana SR 7 M
Apis cerana W$8 2 WA, 1 2 F I A 10t A 1
FRMEAE N M —, EIERER
Ascosphaera apis BEIFEFIET [ 220 ) B b
P SRR, B S IR I ) B W i Ay L, DT i
EREARIERE Y A7 R T, XM T R A K
UiE— B R A (RIS, 2023 ),
HIHAB S, A AT BATIE S5 28 e ok 44 7 o) rh A 2 e
Mg A HURRE e A R R R Yk, IR AR
I WP AR B W A0 T e R T 1) A AR R AL
T HSHAE( Chen et al., 2018 ; £+ 45, 2023 );
AN, AT B 1 A SR R 2 e SR 2 R
EREERA, NFRFETT A T AE Y2 I 2
FE PRt 7 A TR B A A5, 2017 #1555, 2021 ),

Z ek 5% ( Quinate permease, qutD ) &
— S 5 B 4 E TR A R Y O B

( Grund et al., 1990 ), Whittington %5 ( 1987 )
WFSE % PRKE SR BE 10 queD HE DR B 28 A8 IR AR LA
% Je B e ME— B R py 35 R 3 b o vk AR K AR
REIKHIEF Neurospora crassa FEERE [ Streptomyces
spp. S5 LA A E 2 qutD B [RJRIEA , IfEsL 2
Tl FL R AR 28 JE BRAE S AR K B Y 0 R ik U

( Hawkins ef al., 1988; Giles et al., 1991; Grund
and Kutzner, 1998 ), 7EfgLiha D, ZJemfs
B qutD #EABEL2AR, 17 H A LAl Y 2 ]
YET 85 4k AR = P 7 LA R ( Wheeler
etal., 1996 ), (A TAHICHITEHIA, # ek
WY qutD 2K (AaquiD) [FREZ, TNEEES
A

A 5E X AaqutD 1 4 5 7 51 ( Coding
sequence, CDS ) #1743 5ikE, Tl AaqutD &

S B LAY 1 115 9 55 4 T
L e Rk e TR AU LTS quiD BIr 3 25 A
PRAFEEFT, T ARSI 2 e R D R e rh AR S i T
e IR daquD WMERIERX, BEFEE
AaqutD WIEARNEE, I RHIRATFE daqueD 3]
REMF ISR R 22 AR 3 -

1 #MBREREE

1.1 i Emae

B W TR TR PR A AR 2 0 2 o B
PRGBS FEAE (Guo et al., 2018), H
TR e T W &) BB 1) A SI2 06 28 O A R e
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1.2 EiELh WS FER &

Fe RO HRIE ) (BRIEEAE, 2020 ) il &
ifb I E S ERERMT, BT 4 CKFERIAE
o FIRAR S = T AR AR (fP RS,
2023) il & UGB RS, REAR AT . AHE
PR Th AR A 2 H R4 R =i
il 1000 pL falKHE) 6 FLATME R FR M, AT IR AR
EAS (HEOR, B [ (35.0£0.5) °C], FHXHE
FE 90% A THA R Hi9R A 3 HIRAIL, 7£ 24 h
JEEBE 48 FLANMIE IR T AL BRZH ) A fr] R
U I ek e T A DR, LR E N
13107 A~/mL, 5 R 2E f5] MRS 25 6 7 ) 45 S
Gk B ERE R 4-6 BB, RATHIER
B S HRBMEE, 4351 %F b BRAE A AR 2H 2 A gk A A
L, e a3 ke mE AT
A 14~JC RNA B0, Sl AR VR
AR - 80 CHRKE VKA RAF 4 H . 4L E
WE 3 RAEYFES,

1.3 PCR #'1#5 Sanger fllF

W AaqutD WIEATIRIFY), BiTIFE dr
SYEY G Y (F: 5- GGACCGTCCAACA-
CCATCAT-3'; R: 5'- GACGAGGAAGTTCCAGA-
GCC-3"), f#if Trizol ¥4 BIHZEC_F A 4b BEZH Fn
XTHRA 4-6 HIRA R E RNA J5, 430k
F Oligo dT 5I¥ 5HbLE Wikt T 5%, &l
cDNA Z5—4%, LIt cDNA fE}J54E PCR $71
PIRSEAR o WA 2R RN 4 RIS 46 (12023 )
FIRE AT B o It 1.5%Z BRI i Yk %o
1= HEA TR, SR FH i T R A BR A
A7 T REIE AR R Ge Xt B AR Wi T R 5 K
1R, Fr BRI B TA 5ol RS BRI o 4%

(2022) #HEE R ITEIET . 2 TR PRI S WA
Kigila , W mwos 2 LA TAY TRBAMD AR
N, SERL Sanger T

1.4 EWMEREST

£ GenBank %i#E/% ( https://www.ncbi.nlm.
nih.gov/genbank/ ) H & FI T £k AaqutD %24 5
MRIT 9. TE8R I Bgs it S oine et s, (58

Expasy My ( https://www.espasy.org/resources )
$EILAY Protparam . ProtScale &2 SWISS-MODEL
FTEL AT T H, s30T e 1 s ek ot | 2%
B KM DL R = A5 R B T X8R B R A
BRI, SR SOPMA 23 B 8 58 I AH 430 #7 o
UEAh, AR ERL (55 KT SRR Ak 7 1 1Y)
WO 434, 435l PSORT 11, SignalP 5 Server
F1 NetPhos 3.1 Server =K £ M #4528
P& FH STRING %i4f )2 https: //string- db.org/ )
A7 E A EAER ( Protein-protein interaction,
PP1) WIZ540HT, $%4f Apis cerana cerana YE K
“Organism” P41, HASEII M RGN
WE .
ffi | Blast ( https://blast.ncbi.nlm.nih.gov/
Blast.cgi) T.H¥ AaqutD BYZEIERRIT S HLXT 2
GeneBank #4572 LA 1) FI R 205 51 A LI fe
) 10 FRELEA Y qutD 2558791, b s ikek4e
IR 608 e A R
it % B Penicillium

ucsense . %BIHEE Penicillium nucicola . 2%

.
I Ascosphaera acerosa .

Helicocarpus griseus .

Penicillium atrosanguineum {85 B Penicillium
hispanicum , IRZL % Penicillium subrubescens ,
BINH
Penicillium rolfsii . filR 5 % Penicillium angulare
Fhs $ 085 Aspergillus nidulans (1),

it MEME #{4 ( https://meme-suite.org/
meme/tools/meme ) TH 7R Fb %58 5 B Bk 2 1A F1 I
R 10 FPEE M qutD Ir & PRsF3EF . {4 Batch
CD-Search T.EH. ( https://www.ncbi.nlm.nih.gov/
Structure/bwrpsb/bwrpsb.cgi )Tl A 11 Fh B
qutD T % 4563k, FF H TBtools #4254 T AT 4
feab 3,

AL B IR 114 H A quitD 222
W5, FIH Mega 11.0 FF3E17 2 F )55 Ho X
O3B o BT O AR SR R R ABLAR 125 Maximum
likelihood, ML ) M G F R, Jfiid 1 000
K H 244556 ( Bootstrap ) PFA 43 32 19 A A0 B A5 B,
(] B LA 55 it 22 VR S S0 AR TE AL R 41 F b
45k .

Fr 82 5 % Penicillium citrinum .
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F1 EENRERSHM U MEEARMS qutD #E
Table 1 Overview of qutD in Ascosphaera apis
and 11 other fungal species

. B GeneBank 5% 5
YiFh Species Number GeneBank

accession no.

& 1 XP_658742.1

Aspergillus nidulans

ERRER B H 1 KAI5290184.1

Ascosphaera acerosa

TR R 1 PGHO05133.1

Helicocarpus griseus

hHEE 1 KAF7717110.1

Penicillium ucsense

RIS 1 XP_056986071.1

Penicillium nucicola

b g 1 XP 056744439.1

Penicillium atrosanguineum

KisHE 1 XP_056802452.1

Penicillium hispanicum

R H & 1 XP_057003792.1

Penicillium subrubescens

T & 1 XP_056499144.1

Penicillium citrinum

PREE 1 KAF3385641.1

Penicillium rolfsii

AIRTE & 1 XP _056779375.1

Penicillium angulare

W BRAE 1 KZz797811.1

Ascosphaera apis

1.5 AaqutD B RT-qPCR #&3l

M ¥& AagqutD ( GenBank % % 5 .
KZZ97811.1 YA MR IT 91t AaqutD ) qPCR

5% (F: 5'- GTGTCCTTGCGGGTTTAGGA-3'; R:

5'- TCGTACACTCCCACCAAACG-3"), [RImfi%
PN Z 58S rRNA KK qPCR 514 (F:
5'-GCAGCGAAATGCGATAAGTAA-3"; R: 5'-
CCCTCCTAAGACGGGACGAT-3"), ZHE Fiff

A T TRERAR A BR S R4 B {1 Trizol i
A3 B EULL BRZE FIXE IR ZH 4-6 H &40 B i RE A
A RNA, 3 5 S SR ARIS AN () cDNA AR,
KH qPCR M E AaqutD W)Feikit, w1
B 3 IREEARFEE M 3 W FATER . RNIER K

KSR RIESE (2022 ) MHRIA B . AWK
F 2728k daqueD FED AR 2k K EHE T
FE AT o SIS T T A HE e R Rz i 1
& B GraphPad Prism 8 (v.8.0.2) #X{F5EM. 4
B) 22 S5 %) W 25 MR A 46 R B IRV 2R O 25 0 by

( One-way ANOVA ), Jfifiid Tukey L1725
e, Z9RDIFRRICIE RN, B8 P<0.05 4
25 BAA BT 5 U H bR o

2 ZR5a
2.1 AaqutD CDS H3%> Frapg

22 PCR P 394115 TRKEZ) 1 306 bp 4R
PEH &, R BN S Ee HUH— 8 & 1),
Sanger 45 KR W, Fifs B B IRIT 51 5
I S AR BCHR TR 1Y) AaqueD H:PF CDS JF 41 58 4 It
Beo baRgsIRUESE, AR O Y5 AR £
AaqutD FEHR W 5E# CDS X, [A]EHIE IR SE N FE
SN PRPE T 00T TP AR R

bp

2000

1 000
750

500

B 1 AaqueD 318 7= ) I BR 5 18 % i BB ik
Fig.1 Agarose gel electrophoresis for the amplified
product from AaqutD

2.2 AaqutD BB HERNS FIFE

AaqutD % 535 A EMR, XN
Cr76:H4140N6800733829, 43 F 41N 59.66 kD, 55
HLEN 7.51, SFHSEK R KON 0.286 (] 2: A),
A E AL TN B (66.7% ). 2R IR

(22.2% ) METH (11.1% ), AaqutD {45 42
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A fr G IR AN 43 AN IE FLff R SR R, O 2 i
I E R R AR, & R AR 2 R 2
Nt i1 22 R AT AR 2 R R o 34, AaqutD 5
A ME SR (2. B) 140 DHERR L7 5
(K 2. C)
wE 3 (A) FizR, AaqutD 17 240 4
(44.86% ) o-B2JE, 111 % (20.75% ) FEK4E,

/HH Score
. Y
=
e
=
—
==
i
=
—_—
_
e
aQ

29 4~ (5.42% ) B-%%ff, 155 %% (28.97% ) JCML
M. AaqutD B & AOAT68DIEO.1.A, —
HZ B FH EWEM A 100% (- 3. B), aiE
3 (C) Fran, AaqutD 5 M & A p73
( APICC 03524) %5 10 A~ 2 [ HATHH H AR
F, % PPLINZSA 11 A1 05 19 Z%i%4:, PPLE

£ PHN 039,

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

—

0 20 40 60
%43 B Sequence position
— 28R Serine &2 Threonine

| — B4R Tyrosine — [ Threshold

2
3
: |
_3 1 1 1 1 1 @ Il JI |
0 100 300 200 400 500 R
FFHI & Sequence position ‘ ‘ ’
50 100 150 200 250 300
FFI{\ & Sequence position
2 AaqutD FFEKE (A) ESHK (B) FERKAS (C)
Fig. 2 Hydrophilia (A), signal peptide (B), and phosphorylation site (C) of AaqutD
c APICC_03524
0 100 200 300 400 500 —
o . APICC 01291
I .
R3] {i & Sequence position APICC 05707 APICC_03158

APICC_06034
“"APICC 01070

B3 AaqutD EAMW RSN (A), =Z4%H (B) REEMLE (C)
Fig.3 Secondary structure (A), tertiary (B) structure and interaction
network (C) of AaqutD protein
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2.3 AaqutD HEHGEFRTERF S

1E AaqutD HFUEER] 1 > Sugar tr 543K,
ZLE MR A TE T AR ER . K (AR E A R
W, UHES . BAER. BEES. KEHES. K
s, eSS VIR ARTESFEE
(El 4: A), IS, 76 AaqutD H45E ] 11 M4
[ AR SFRET , XS ORAT 37 AR AAAE T LR
il 11 FhEC 1Y quiD; 7EOR T % . B %
Ha . KEER ., WaO5%. VIUER . ARE

A

) qutD PR ES] Bk 11 MESFIRFAMG 3
AMESEILT (Motif 13, Motifl4 Hl Motif 15 );
SR, BREE., KEHE, RAEE. ¥
K% . ARTE. FETEDN quD HLEES
Motif 11; FEEPIRBREERE Y qutD ik %5 3|
Motif 155 7&K EIRTER L quiD Hid %
F| Motif 13 1 Motif 16; 7EEHFHM qutD Hif
Y H Motif 165 £ % 14 BR 4 B 38 45 2 3]
Motif 13 (&l 4: B),

B (ZHAMYR) Fa®EH
3 Sugar (and other substances) transporter

FORFE Penicillion angulare — S —
KIEHEE Penicillium hispanicum —STea,——
KRIHE Penicillium nucicola —S e ——
RN Ascosphaera apis IS —
HARERAER Ascosphacra acerosa —
17575 Penicillium ucsense —
BE R Penicillium atrosanguineum — NN —
BREBEA T Helicocarpus griseus — S —
5 154 Penicilium rolfii —
WL E % Penicillium subrubescens — (NN —
P E B Penicillium citrinum - —

5 3
0I 160 20IO 30IO 40IO 50IO 60 0'
B I B Sequence length  Motif 3
§PIRBREERE Ascosphaera acerosa - § s o Motif 8
IREIZNER R Helicocarpus griseus S+ . S0 0888 Motif 10
E R Penicillium ucsense N § SO OEEBOD - xgzi fz
WIIHE R Penicillium nucicola | 1§ SOOI EYD Motif 7
HERE Penicillium atrosanguineum [JII . DI AL & Motif4
KIEHFE Penicillium hispanicum @I 1§ SIS0 ED @ Motif 15
WL E B Penicillium subrubescens @I SIS EBY» - Mot%f 6
¥EH & Penicillium cirinum (@ 1 @O 0@ : xzzi?
B RHEE Penicillium rolfsi I 1§ EBIODSINEED & Motif 5
FIRFE B Penicillium angulare SN EBIOD SO EBD  Motif 13
BWEFRIET Ascosphaera apis S @O OEE @ Motif 16
5 . . . . ) 3" 00 Motif 14
0 100 200 300 400 500 @ Motif 11
FF3IHKJE Sequence length 600

& 4

EERBHEMEAM 10 MEEN qutD EEMSEWE (A) MERFERF (B)

Fig. 4 Structural domains (A) and conserved motifs (B) included in qutD proteins
in Ascosphaera apis and other 10 fungal species

2.4 AaqutD MRS HNL S
I IRPETR S FOIRBR Y queD TESEILAY

BRI, KGR AR WRMNE . ZIE
. METHERE . REEMLEER qutD X7l
Rl—3 (K 5)s
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38

34

66

92

09 WELLE B Penicillium subrubescens
47 B CEBE Penicillium rolfsii

{5 TG Penicillium ucsense

MHE Penicillium atrosanguineum

—— KEEFE Penicillium hispanicum

L B REE Penicillium angulare

PS5 Penicillium citrinum

98

RIE T Penicillium nucicola

WL & Aspergillus nidulans

R@ﬂ%ﬁfﬁﬁ Sﬁ% Helicocarpus griseus

100 li%f ARIREEE Ascosphaera acerosa
I*%ﬂ%ﬂ(i% Ascosphaera apis

B5 PEEMEET quiD EASERFIINEEKEFTSHME 1 MEENRFHAK (1000 XEE )
Fig.5 Phylogenetic tree of Ascosphaera apis and other 10 fungal species based on amino acid sequences of qutD
proteins in Ascosphaera apis and other 10 fungal species (1 000 replicas)

o)) oo
T 1
1)

X RIEE
Relative expression level
™) ~
o

b

o

1

2 3
A K¥ (d)
Days post inoculation (d)

6 mEEELE TR HFER daquD WX RIZE
Fig. 6 Relative expression level of AaqutD in
the gut of Apis cerana cerana worker larvae

B s - (bR iR . A EASR 5 RE
FoRESWE (P<0.05, FE LT,
Tukey #5472 # HLED ).
Data in the figure are mean+SE. Different letters above

bars indicate significant difference (P<0.05, One-way
ANOVA, Tukey’s multiple comparisons).

25 FETEIBNEEERBEER/RT
AaqutD HIRIE G

RT-qPCR il 25 R R AHIE THFP 5 1 d

(1 day post inoculation, 1 dpi ), H I T 94 d i

B daqutD WFEAKEAE 2 F1 3 d B3 ETF
(P<0.05) (1 6),

3 g

% JE RS2 VF 22 TUAE W 1) ik U5 R B o Ok U
(Niueral., 2017 ) o 522 e IR A H]
A% (Quinic acid utilization, QUT ) £ 7 qutA
CETEER ) |« queB (ZJERNEAR ) | quiD (£
JeMRBEM ) . queR (BHiBHEH ) %M ( Grant
etal., 1988) . HAERERIGIR . TR R AN LIS
RAEYIRTHIA, 25 THEYZHEETRE,
AL ABAIE B L B AL B 5 7 1k 2 B PR F IR
AR R0 A R ( Hoffmann et al., 2004) . 7E
MEME T, QutA HHTEZ e IRAFTE R 23 1K
qut A 8 NEEN (quid . quiB 75 ) #) mRNA
PR SN (TK {8 ei e R B PN b A S v U ]
PRAEFI 42 e MRV il ( Beri ez al., 1987) .
R E T quiD et —FPgk a0 R
iz A" PFAM ZZ#% (PFO0083 ) Ji i ) 3
1 (de Vries et al., 2017 ), 7 pH 6.5 BIZAMFE T,
qutD FYZRASARSE L T F 48 TR A MRk IR A T
HKEET, KU QuiD J&— P4 Je IR i 17 il
(Sgro et al., 2025), Wheeler 55 (1996 ) i
RS T E R EW], 75 pH 6.5, qutD %
T %) 2 JE R 15 325 il ) 3 425 R B0 0.43, XK
B AR S SRR . LR, daquiD 1Y
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WHFEE . AtsTi T PCR TR MERR BN T
FES 2 1 306 bp AU H A B, Sanger
D 56 UE 25 SR R 5 T s B s b
AaqutD FEF CDS XJFH)5E2VLEt (F 1) , ¥
W) se bR daquiD 1) CDS, Aik—L I
AaqutD AR FTEEME T P50 FEh . J3 48, AdaqueD
TEFIEBRMTR A TP RIA, SR iZ 5 2 5 RHR
ARz e RS R, MOCTIRe i — 2
k. B AEYEEE LI, AaqutD [FHY
FIKFRECH 0.286, FKPERILMEEZ T HiK
PEZEERR , HHAAEIAAE SR, 300 qutD
S TE R R E R N R o ARSI A
AaqutD A g5 IR p73 5 10 M E A Z AT
TEHAERR, MEEA p73 B, H3E
B2 5N R AL T, ITAEERA W UESE
W FE P TN M n R R K S e
h A S MO (TR, 2024 ). RABI14
( APICC 03548 ) & RAB i 3 [ 52 G il —
IR YNNAE Sk ke g Tl N EANIDE(E
W, R Rk 5 NRZFOEEMRE G, (4
ELHJE ( Nasopharyngeal carcinoma, NPC ) Fl1H
s Mgl R A4 o 4 Sk IR W (el EL, 2023 ),
RABI14 I\ N2 5 S0 T 7E A s S AR
J7 ¥ 45 ( Ramirez-Torres et al., 2022 ). il
AaqutD il 8 5 IR 8 1 p73 1 RAB14 58 H.
VETE 2 PR TR 1Y A0 F sl iR Jed #E b A4 D E .
ARWFGT R A PR e BRBE TR . EPIRBRZE TR |
REWRTEARE ., LER. BAERS. RE%.
KHEERS . RAFR . TETE. P IRT MM
RN qutD A 11 AR RSF LT 4.
A, B), £ qutD 7E b3k 11 FhE i BA
PRSEPE, FTRE L FEA RSO Thig . REci
e tras RN, EIERREE S5 IRER B H 1Y
qutD FEHEAA R —32 (B 5), TR,
a8 TR e 1 RS, TR R Y A
TEIR G Rl — 15 E R R h o™ A 1 I A )
1k (Shanget al., 2016 ), Sugar tr & 2K
IR A ) T8 U DB R -, IR I TERE 43 4h
He. F9ES. HHREREEHRE ., MHY-R
Rl AR DL R 5 3 i iy 45 22 A A )2 3 R

PRIV o (BRIEan, 2024 ), ABESE
TE R 11 AP E A qutD H 45 2] 1 AH ] B9 25
Fa3, ( Sugar tr), KB qutD 76 L H &H kK
G . AVLBERR e o B R B )6

TEFCE T, WA R 5 o PE 2 VI AH G Ene
et al., 2014 ), HWFFEFRUIY) B CHE Bk H A
Ascosphaera WIS [R50 M HEAL H A 21 5¢
VER (Maccaro et al., 2022), ARWF5 A IAH
BT 1d, daqueD Fik/KFAE 2 d il 3 d ¥ 2
BT CE6), TR S ek S TR A Y R i
FERPE G R IA . FEAZ BIANFIE , s . &
BERELMNT, quD FEFRPFRIRHES 2
Wl AN, 7FEstT AR Y, EiRME S S BUE
SRR B S R ik R A AR A, DAtk
KPETHIRBU A R ) CRSRHESE, 2023 ), Luo
4 (2024 ) K P40 E O 5C B AR Cherax
quadricarinatus TEERFEMAT , 1B1% KI5 AE G
FEHRMRA B XWERE queD FER 1T GE
S5 T W BRPE T X I SR AR A B U
T 2k YT 4 TR 1 5 BBOHE 4 4 20 it ) 1 AR
FAAE . AaqueD JET5REE IS IHE 45 e FR 1 i iz
A S e 25 W R AT A, A R B v
S MEREARFTE B2 R, 522
R R AL R IR AaqueD PR A S5 Ok B A HHL
RIjRE

Zilb, AMREREE T daqueD IEAR(E
B, KT AaquiD TER IR 2 Ye rh AR 2 1
Tl M B rh i SR AR K, I BZ A A
A F o ResR TS SR, I N R SR AT
5% AaqutD TEBUR TR T B 43FHLHIZEE T IR SE
it
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