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Abstract: To elucidate the cascade effect between the V-type proton ATPase catalytic subunit A
(V-ATPase A), a key regulator of cellular energy metabolism, and the autophagy-related gene HcAtg$ in
the fall webworm Hyphantria cunea, the HcAtg8 gene was cloned by PCR. The bioinformatic character-
istics and phylogenetic relationships were analyzed. The HcAtg8 protein was expressed in vitro using a
prokaryotic expression system and detected via Western blot. Quantitative real-time PCR (qRT-PCR)

FATWH : WALA b Jes] S 5 H (24626507G) |, k48 AR A Pl 44 R 7k R 5 H (HBCT2024190208, HBCT2024130204) , 41 F LTl
Y S A E SR T 301 (241490102A)

* W {51E# (Authors for correspondence) , E-mail : luxiujun@hebau.edu.cn, yaoyalin@hebau.edu.cn

Wk H . 2025-08-15



460

s 7/ T T S

53%

was used to analyze the expression of HcArg8 in different developmental stages and tissues (foregut,
midgut, and hindgut). Additionally, after silencing HcV-ATPase A, histopathological changes in midgut
tissues related to autophagy and the expression of HcAtg8 were examined. The results showed that the
cloned coding region of HcAtg8 was 354 bp in length, encoding 117 amino acids. Phylogenetic analysis
indicated that HcAtg8 clustered closely with BmAtg8 from Bombyx mori, suggesting a close evolution-
ary relationship. A recombinant expression vector pMAL-c2X-HcAtg8 was constructed, and a 56.4 kD
HcAtg8 protein was obtained by prokaryotic expression in vitro, with the highest expression level
observed after 8 h of induction. HcAtg8 was expressed across all developmental stages and gut tissues,
with the highest expression observed in pupae. Among gut tissues, expression was highest in the
midgut. After silencing HcV-ATPase A, the number of autophagosomes in the treated group was 11.0,
significantly higher than that in the control group (3.5), representing a 3.1-fold increase. The number of
lipid droplets in the treated group was 73.8, significantly higher than that in the control group (12.5),
representing a 5.9-fold increase. Silencing HcV-ATPase A disrupted the acidic environment of lyso-
somes, leading to the accumulation of autophagosomes and related metabolites. qRT-PCR results
showed that the expression level of HcAtg8 was 6.1-fold higher than that of the control at 24 h, peaked
at 375.2-fold at 48 h, and subsequently decreased to 2.5-fold at 72 h, consistent with the histological
observations. These results indicate that silencing HcV-ATPase A leads to the upregulation of HcAtg§
expression and the accumulation of autophagosomes and lipid droplets, thereby disrupting midgut cellu-
lar homeostasis, and resulting in cellular dysfunction or death.
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SE[E H Wk Hyphantria cunea J& 558 B 1T %A}, 2
TSR 2 3 y Fevh B S 2 A R R UK Ho
U FIRAEY K (Ning et al., 2022) . 23 B3 10 [
J7UEEIR P, LA HOREER S5 I Sy A i O
HUET PR, Bk B SR B 2 , 7™ F N ] i R TR PR AE
T (B s, 20045 X P45, 2023) o A7 LB A S5 1
10k 22 % AL 2= B G A DB i AR 25 6 1 ik (B
%5 2018;Edosa et al.,2019) , %58 51 AU AR 3t
DAL A W 17 3 5 s, ) A i DR B 47 5 ] 1
J& H AT ST A 5 O RE S . HETE e 153
s 32 [ 1 g AR5 VOB ST ATP il 16 W7 56 A
(V-type protein ATPase catalytic subunit A, V-ATPase
A) IR HeV-ATPase A 6-WE TR AMEA 2 I i 2 L
# it ( glutamine : fructose-6-phosphate aminotransfer-
ase, GFAT) B [K| HeGFAT Fjt K 315 5 85 11 E75
B HE75 , R T AR U IR 40 K AR 2524 o 56
FE] P 3% B 92 32 4337 142 4% (Zhang et al., 2022 ; Zou et
al.,2022;Wang et al.,2024) .

FI e ELAZ A W b i A e e B RS T  A 3
PR SRR LA BT T —Fh A X T 4R A
T 25 R0 ok 0 40 Y 5 % % ¢ # % (Mizushima et al.,
2008; Shelly et al., 2009; X1 55 55, 2024) . H Wil 1

B A BUZ R F WA K 4 M b R iR 4T S 1 2R
10T 32 400 ) 40 L 255 325 B3 B AR B4 At J A T A
FIH (Kuo et al., 2018) [ Wi AH 5 ] (autophagy-
related gene, Atg) T2t (1) 85 FH ATG 25 A EIR Y
B BRI £ F W5 1 542 (Sheng & Qin, 2019) , H:
T ATGS 22 58 A g 72 Y i 2k iR
1, 2 A B Bl 1) 3 22 bR 7 (Mlizushima et
al.,2011) . IR N BRI e R 435 PR
DG N TR PR A bR AR A VR T A ATP il V-
ATPase 4EF . WF7ERE] A WGP B A 2R KOk
B a0 B R T e S 4
2B 2], BRI EE T (R SCRL, 2023) 51T
/¥y K E Nilaparvata lugens Atgl 3 & 5 , HATTE R
RFFRL, HATP & & 0 R (R R A, 2022).

V-ATPase »&— % i fF L Z WA E 59, th
ATEYE VI E S YRR OC VO 25 Y41k ( EAF 5]
45,2020) . VI A0 A VIR LU ATP KA
(Nishi & Forgac, 2002 ; Forgac,2007) . V-ATPase {f
5t ATP /K f Bl i, MR SR H % iz 2 RN =
N4 55 pH “F-ffif (Breton & Brown, 2013) ; [a] i 1] £
FHIK i ATP 7= A 1 30 7 58 iUS 15 0z i L Je 4E 45
Y H = A A% O DI RERE . TEAU R ST Arabidop-
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sis thaliana "', V-ATPase F 57 14 411 il 571] Concanamy-
cin A Bl N Btz oy Mbass 42 LA B B g /AR
fife , W] V-ATPase TEAR YY) H Wit #2 ok 9 B2
FIVER G, 2019) o FE RIS RL S 9y ik P & 0 V-
ATPase 175 0 W 3L T 18] 23 52 ) 75 iR 2 £k D g A
] W %5 il 12K 1% [ ##% (Gao et al., 2011; Chen et al.,
2018) . il V-ATPase 15202126 1§ D 936 P &
B3 i8S e R VR B S T O (T o
BEIE (AR, 2022) o ARSEER S ATIIBITE A, DUERSE
[ 11 HeV-ATPase A JE 5, F Wi/ IMA S 2 (Wang
etal.,2024) . FET Ut , AW 5T HI 3 [ 1 ik i s 2
B4 O e 15 2 [ W AH OC 3L N HeArg8, i 1 v B
HeAtg8 KL PR 1) 4 ity DX 3 Bt L4 5 8 11 1 5 91 45 4
ARG AR, I3 8T HeAtg8 FERAEAS[A]IEHH F
B IFRIRIKT, L STER HeV-ATPase A J5 0 14l
JL 1 W5 DG 2 2L o B2 AR b M HeA g8 55 R 3R
Ik, LU R WY 56 [ 1 % HeV-ATPase A 5 A Wi
[i] A A B AR AR

1 B %

1.1 #r#

PR R R S E R T E AR R
W58 BE AR AL SRS 5 R BT T R AU 20T &
O, T A 3 A YR iR e e s | B Hu g 2
oY =N N TARSR, R E 3184 Ut
I, 1) 37 21 R IR (26+1) °C L FH 6T B (60+
5)% VG 16 L:8 D, 2k {4%5¢ Y25 1 (green fluo-
rescent protein, gfp ) M AT ZH (A7 I He 43t

A HE F2 3 . Luria-Bertani (LB ) AR FE R p 43
AR R 10 g (BRI S g NaCl 10 g.ddH,0
TERZE LA 12 g Bl RIY LB [ ARG IR 2

R AR « KA FF B Escherichia coli DHSa.
BL21(DE3) } i ki pMAL-c2X H [ b Al K 2%
WA 7 6 S g O A T SR L B R R 22 v ik
(phosphate buffered saline, PBS) \PVDF i | P 42 44
11 812 FRHIPE Py Il BamH 1.Sal 1. T4 DNA Ligase .,
= P& ELfi Primer STAR® Max DNA Polymerase . &2 %
51877 £ cDNA Synthesis Kit ., 2¢ Y6 i€ = fiff SYBR®
Premix Ex Tug TM I1, AW TF2 (R ) A TR A Al
SN FE-B-D-i AL 2 LBk (Isopropyl g-D-1-thioga-
lactopyranoside, IPTG) . “E4i B PTIAK IgG-HRP , 514
ZH S RNA $E GG &, RARAE AR (A6 A R
73w 5 38 FH 2 DNA Zfifk [n1 iR & | BT Anti-MBP
PUiAR (RIPA A, A T AR TR (i) e dn A PR
U8 A A 2 R [ 7= 4344l . Mastercycler Gra-

dient PCR 1% , 7 [ Eppendorf /2y 7] ; DYCP-32B B fig
WEEEWE LUK R 48, b 5178 —4L 4% ; Mini protein 111
HE BTk R Y4 E , 52 [E Bio-Rad A v ; HT7800
BT RS, B moi AR A H]
1.2 FHik
1.2.1 £ E 3% % RNAFR IR 5 — 4% cDNA #56%,

A3 SIS 5 ] PR B0 | 1~6 B2 40 HR i B il e A
fa R H, & 103k Chi) A 1 ANER 3 IRER ;[
it o3 M A 5 [ 1 e 3 08 4 R R G h g R s A
L1036 IAER L3R ER , T-80 CHRAF
#H . S BYHS R RNA SBGR ] & Ui i
U & W BE A K A e 4L SR i i RNA, S I
ik 57377 £ cDNA Synthesis Kit 138 45 [ 5% 5% 345
5 —4% cDNA %5 .
122 By Rey S F 3t L ien 5

IR AR S5 2 i A5 28] 1) 55 6] 1 e i 2 55080
PEFT 8 , A LTE ViewrSu 34 A B0 22 7 371
HE—35 ] NCBI | B 1 Atg8 P BE T4 K F 91
XT, 3R1% HeAtg8 HH T 1], FI HH DNAMAN 9 4%t
53 M B A5 1Y HeArg8 #E Ty 3 ik A7 2K 51 ) kit
(1), L3400 cDNA RN 17 PCR Y14,
25 uL PCR ¥ #4{K % : cDNA 1.0 uL . 10 pmol/L |- F
WE 51 ¥ 45 0.5 uL ., 2xPrimerStar Max Mix 12.5 pL.
ddH,O0 10.5 uL. ¥ #F ¥ : 95 C WA 1k 3 min;
95 CAEME45 5,55 CHENE45 5,72 CHEMF 90 5,354
MEER ;72 CHEAH 10 min. FJFHE FH A DNA glifk [mli
R &AL PCR ™). IG5 pMAL-c2X
JoURL I 4% | AR A 2 KT TR DHSa 852 A5 20
UCH PR A O ARSI TRV PCR, SOW AR PR |, 2
JE 45 0.8% B EAREE R FRLUKASIN TE A/ = , e 2 ook
PMAL-c2X-HcAtg8, 14 F BamH 1.Sal 1347 FA X )
YOI, ZeF0A: T A TAR () e A B A I
1.2.3 £ B G Hedig8 3 R 8 Rtz R ik

00 1 IE 0 A9 pMAL-c2X-HeArg8 76 15 Uk 4%
L ZE R IAATE BL21(DE3) &2 41, 76 &8 2%
PEARAY LB [EMARE TR P4 3557 16 h i Pk F s
7%, FEUE T PCRIGUE(Wang et al.,2024) . K 55 2H 1A $2
A 10 mL 9 LB A% 35 5 b i 35 97, Ik H 4
220 t/min SRS HTTE R OD 400, M 0.65 1, AR
WA 1 mol/LIYIPTG 6 L, 137 CHillis T 2.4.6
A8 hJF HUEE 1 mL, LAARZE IPTG 1755 04 i R AE R B
PEXTIE . SO MCE R DINE, N A 1xPBS B & UTIE,
JINA 5xLoading Buffer {47 , ik 10 min, L1 10%
T TR B - SR N M TR e B S H K (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
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SDS-PAGE) /7 B HcAtg8 & 1, ¥ iz & H i % =
PVDF I, LI/NEEIE Y Anti-MBP 444 —+t , Btk
24 1R A b 1 0 22 0 BT AR TeG-HRP Sy — bt , 47
Western blot 7341 . X & FH A 74lifbIf3% 2 b4
AT T A R A . B2 Sk S5 [ 1 R n

A RIPA ZfH W 5 & Tk BT 219K . 4 C
12 000 r/min #§.L> 15 min, W5 RD A S FRE
i, LURE S PEBUAR S —3T , SR H] Western blot £ 1 H
PREE IR IBE DL

F1 KHARFAASIMER

Table 1 Information of primers in the study

512K S1YIFFI(5'—3") HIi&
Primer name Primer sequence (5'—3") Application
HeAtg8-F GGATCCATGAAATTCCAATACAAAGAAGAACAT DNA 7

HeAtg8 -R GTCGACGTTAATATCCATAAACATTTTCATCAGA DNA cloning
qHcAtg8-F CAGAGCCGACATTACTGGT SEOE # PCR
qHcAtg8-R AATGGTCTGCGGTAACAAC qRT-PCR
HeActin-F CTACCTCACGCCATTCTC

HeActin-R AGCTTCTCCTTGATGTCAC

IR NI BamH 1.Sal TV 5 . The restriction sites of BamH I and Sal I are underlined.

1.2.4  HcAig8 8 945 B 5 547

F1H DNAMAN V6.0 #4-%F HeAtg8 %5 ¥ 51
AT R ) A i 4 B P o0 S S A T T, )
WOLF PSORT 7 £& 8¢ 44 1o I JH: 7 40 Jfd o o7, )
ExPASy Proteomics Server 7E£& 4 /4 il H 4wt 25 11
f BRAL A 5, ) FH SignalP 4.1 Server, NetOGlyc 4.1
Server Fl1 NetNGlyc1.0 Server %5 %] 3t 43 J1) X H: 2
ARG KO- L A0 AV SR N LA 5 A it
T334, R FH SOPMA HR A4 X L4 i 38, 19 1 — 2 &
FFEAT o0 BT o 7 2 75 31 (1) JF 51 76 NCBI _L 47
BLAST FEX /0T, R 2T Wimh 1) Arg8 MR REIR T
H, FF MEGA 7 844 R AR M i R Gt AR
Bootstrap 5 1 000 {X 5 &2 ki 5
1.2.5 QqRT-PCR# M HeAtg8 % i = &k ik

F I DNAMAN #1811 Hedig8 Je N 2 5
HecActin 1) S} 5¢ Y6 52 & PCR (quantitative real-time
PCR, qRT-PCR) F¢ 25 [ (R 1), DL 1.2.1 34
1Y) cDNA 4 , 2 HE%& S e 3 75 & B BH B b A7
qRT-PCR, J& i 14 & DL J ) v A% )7 2% Wang et al.
(2024) 771k . FRALPE 3R E R, N 45 fE L 5% Cr
Ho DAS MRS RS bR S i, R 27k
VAL PR AR 38 B (AN RIS A L K B 1B A 2 iy
AH XT3k &, 1T 8 5 R U0 3R %R (Wang et al.,
2024) . FHUTERL = (1-Ab BRZH HOIE P AR e 5A
/0 R ZH AL PR AR ek ) < 100% .
1.2.6 LK HcV-ATPase AXT HeAtg8 F AR B w3

F| F Wang et al.(2024) J5 %5 il dsV-ATPase A
1 dsgfp, SR T 595 0 8K 22 [ 1 0k 3 9% 4 L Hev-
ATPase A FER AR AL, LIS dsgfp fEXT IR, &%

1.2.1 )75 3BT ER HeV-ATPase A 3£[H 0,24 .48 Fil
72 h 7 B4 %) cDNA, LA cDNA b 47 qPT-PCR
W32 HeAtg8 F 35 K -, ) N AR 3R K )z i 2 5[]
1.2.5, [&IF, W HEBLER HeV-ATPase A 72 h )& # 2E
B e 2l 3 Sk, ok B i 8, gl
] T Wit LHEE UI R R R REARTER
MR R AL 2 b (R GOUT A L YT A 60~80 nm JE
BV R, I FH B S i W s AR IR 5 F Wi il
IR AR, Sk 2l HOWER 3 5k U) B, B D R 54
P 3R
1.3 #HHES

TRIGBE 1 H SPSS 20.0 #4454 143 Wr , %
FHEA R 7 225007, H Tukey [C 2 8 F AL 004722
5 A

2 EREHH

2.1 HcAtg8 I ER ERF S0

HeAtg8 J¥3 4K 2354 bp (K 1), 4% 117 &
FEWR B AR T 5o 13.98 KD, 25/ 5 R 9.21, %
WAZ 8 1 o B B 1 BT 28 A e S AT, &
PZER I PT Re 8 o7 T AR o it 2 80 7 51 %) L
I R G LB, 45 R R I I HeAtgs
¥ 5 % A BmAtg8 E 4 it (K12) .

HeAte8 8 FIL2E5 TN CoosHooiN 101 S,
JRFECR 1 5784, #E— 20 A R AT E RECH
59.27, RUNZE AN ARE E A HOF YR K R
H1-0.508, & B ER (2 R KR 5 ToHE AL 07
MRS RS R A A5 o IR
10% , 4178 i 21% , TCHLN R 7 69% .
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M: DNA marker DL5000; T: H 52547 . M:DNA marker
DL5000; T: target band.
1 E=E BG4 HeArg8 EFE PCR 18
Fig. 1 PCR amplification of the HcAtg§ gene in

Hyphantria cunea
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2.2 HcAg8 HIRE#ZRIE

4 JFRL pMAL-c2X-HeAtg8 25 BamH 1 i fifi 1]
J& 7= AR /IN R 7000 bp 14 H #4571, 48 BamH 1HI
Sal | WUEFVIIG , 774 6 646 bp 1A 257 F1 354 bp
(1 B 3 R 2% (0 3-A) , 1 B 8 40 2% 7K pMAL-
c2X-HcAtg8 #2154 pMAL-c2X-HcA1g8 1)
BTk BL21(DE3) £ IPTG 5 3 J5 # ik KNk 56.4 kD

(20 25 1, HLAE 8 h i AR ROk i R e (8] 3-
B~C). Western blot &0l H #5285 48 FEdiik 5 H

1 4501 R AR R 4 RIWNZ R e R 7E
Fik(E3-D).
2.3 EEHEB HeArg8 BT S EAL

e 1 HeArg8TEAS MBI M B vh G 3Rk,
TEMR PRI T A , LU L FEBR e 1~3 40
FEREE R R B Fk 2RI D BT i
P& 4-A)  TEh ki (K14-B,P<0.05)

i:‘ﬁ%ﬁm Cydia pomonella (XM061859184.1)

ZRBUNEBIR Epinotia Trigonella (02263635.1)
ST Aphomia sociella (02262959.1)

{ﬁﬁm Diacrisia sannio (02259145.1)
20 BRI Heortia vitessoides (MN788362.1)

100

WYGURIR, Trichoplusia ni (1X183216.1)

42

47

27

ZEf A Phymastichus coffea (XM058938777.1)
AZERIR, Helicoverpa assulta (0Y979787.1)

_:#ﬁﬂﬂ@ Dysauxes famula (02263849.1)

WIRTARFHE Drymonia obliterate (0Z264001.1)
I—HcAtg8 (PX928708)

53

39— %]/ Bombyx mori (NP001040244.1)

36 32

61

AT R Timema genevievae (CAD7589639.1)
KO E & Colletes gigas (XM043401632.1)

¥R F Glossina fuscipes (XP037887288.1)

_|: & IR Anopheles darlingi (XP049547669.1)

JBRIKIZEL Anopheles aquasalis (XP050090706.1)
|—§'ﬁ§ﬂ%\'ﬁ Tribolium castaneum (XP973073.2)

64— 338 —3MIF Cloeon dipterum (CAB3387723.1)
—— WA EB Cryptotermes secundus (PNF39469.1)

151 EINTR B Heraerina americana (XM071598446.1)

HERRFRIE Ladona fulva (KAG8227311.1)

2 ETSERFIIRAMEEMEXZEAH HeAtg8 SHME R Atg8 NRZREH
Fig. 2 Phylogenetic tree of HcAtg8 from Hyphantria cunea and other insect Atg8 proteins constructed

using the neighbor-joining method

2.4 EK HcV-ATPase A o>t BRI

2.4.1 E HcV-ATPase A JE B AR LE UL LR T AL
ULER HeV-ATPase A J b PREH 17 W 5 Tl 1A 20 i

R 1.0, 3 T X BT 3.5 4, FH W A I

W35 A PR BRSO 73.8 4, B = TR

IR 12.54, B8 LA 5,945 (P<0.05, & 5) .

2.4.2  UEKHCcV-ATPase A5 RRiHE HeAtgS#aFkRkTF
UUER HeV-ATPase A 72 h N 3E [E (IR N Hedtg8
BEA R FRIB Y O IS, H 225 B3 AR R
Ik T JE AR A a3 78 24 h Ik B X IRAY
6.1 i, 7E 48 hinf ik it fie sy , X IRAY 375.2 4%, 78
72 hINHZHE R TR B AR, X B 2.5 75 (&L 6) o
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Ay 4 bp BkD M, 0h 2h 4h 6h 8h
10000 7000
7000 6 646 70
5000 56.4 kD
C M
, Oh 2h 4h 6h 8h
55/ S 56 4 KD
S 354 ? i .
40 ;

A L FRIREAK pMAL-c2X-HeArg8 B ¥ ; M, : DL marker 150005 1: HeAtg852 : pMAL-c2X ;3 : pMAL-c2X-HeAtg8/BamH 1;
4: pMAL-c2X-HcAtg8/BamH 1 & Sal 1, B: T 20 3 ik 88 Ak pMAL-c2X-HcArg8 75 K i AT & BL21 (DE3) Ay ik 5 M,: 55 H
Marker. C: 54 7 1 HcAtg8 fJ 4lifk ; M, : 3K 1 Marker. D: 4% 5 PEH0 RN S 00 45 5 (1 4577 % 2 s M, 2 [ Marker, A:
Restriction enzyme digestion verification of the recombinant vector pMAL-c2X-HcAtg8; M,: DL marker 15000; 1: HcAtg8; 2:
PMAL-c2X; 3: pMAL-c2X-HcAtg8/BamH 1; 4: pMAL-c2X-HcAtg8/BamH 1 & Sal 1. B: Expression of the recombinant expression
vector pMAL-c2X-HcAtg8 in Escherichia coli BL21 (DE3); M: protein marker. C: Purification of recombinant HcAtg8 protein; M,:

protein marker. D: Identification of pupal protein bands using specific antibodies; M,: protein marker.

&3 pMAL-c2X-HcAtg8 WiE K HeAtg8 & H R R IA =4l
Fig. 3 Verification of pMAL-c2X-HcAtg8 and detection of prokaryotic expression products of HcAtg8 protein

10.07 A 1.59B
8.0 1
6.0 1
4.0 1
2.0 1

0.5
0.4
0.3

1.0 1

0.5 1

AN REE
Relative expression level

0.0

B0 18 28 3B 4R SR ol B R e B E%

Egg 1st 2nd 3rd 4th 5th 6th Pupa Adult Foregut Midgut Hindgut
instarinstar instar instar instar instar 44 Tissue

KRB HrB Developmental stage
El4 HeArg8 EEEBBARRIRMERARAPHENREE

Fig. 4 Expression levels of HcAtg8 in different larval instars and gut tissues of Hyphantria cunea
B A SRR R . A ERRNG F B R 48 Tukey [C2 T LWARTA K 55 22 5 i 3 (P<0.05). Data are meantSE.

Different lowercase letters above the bars indicate significant differences according to Tukey’s multiple comparison test (P<0.05)

ANTF] B HUAY Atg B HAT WAl Ry 4, B e

\‘ \A
3 itig L Aad g8 24 % WY B AT ik (EMT 43 B
1 M —Fh A RO B RSB R 8 SRR ) Aadig8 T AR A R AR (Qiao

‘H%i%‘?%z&%éﬂiﬂ’wﬂx?méﬁéﬁiﬂ@%ﬁ\%miﬁ%ﬂ@%ﬁﬁﬁ\ ctal.,2018). FEAMILNT, Hedig8 1156l H BT Ay

AT AR SRR b ery T T B R TR PR R Qiao et
I PR RS F I A S A SR A al. (2018) B 5% 1 11 S I A1g8 78 1 101 3 38 1 e ey
AT ATGS SR HEHF s i gy L Sk TEEUBIR Tenebrio molitor YR 110
e 1 T 1 L.2018) . B AR, TmATGS HYRIE R K B A P A (Tet-
(f(iZ?))ﬁj%H*ﬁIflL;l%Ig}lﬁ:;jt; Z) 8) —JATGS tamanti et al., 2007) ; 7& K W% ¥ Galleria mellonella
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