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Abstract: In crustaceans, molting is regulated by interactions between ecdysteroid and
juvenile hormone (JH) signaling pathway-related genes. Unlike the ecdysteroid signaling
pathway, little information on the role of JH signaling pathway-related genes in molting
is available in zooplanktonic crustaceans. In this study, three genes (juvenile hormone

acid O-methyltransferase (JHAMT), methoprene-tolerant (Met), and juvenile hormone
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epoxide hydrolase (JHEH)) which are involved in the synthesis, receptor-binding, and
degradation of JH were identified using sequence and phylogenetic analysis in the
brackish water flea, Diaphanosoma celebensis. Transcriptional changes in these genes

during the molting cycle in D. celebensis were analyzed. Sequence and phylogenetic
analysis revealed that these putative proteins may be functionally conserved along with
those of insects and other crustaceans. In addition, the expression of the three genes was
correlated with the molting cycle of D. celebensis, indicating that these genes may be
involved in the synthesis and degradation of JH, resulting in normal molting. This study
will provide information for a better understanding of the role of JH signaling pathway-
related genes during the molting process in Cladocera.

Keywords: Juvenile hormone pathway, brackish water flea, gene expression, molting
cycle, sequence analysis
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ecdysteroid<} juvenile hormone (JH) A1 G 7 = ¥l

Axte] 45 28-S Foll ZAH Tt (Miyakawa et al. 2018).
oFst 9l AEH A Qolo
LEEH F A2 &5k 3] Wdo] Hatslal, o]
= S FotogH Ao 2= 7iA|
O] 737, It A A of] oF JFE 713t (Palli et al. 2000).
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JH 342 A=< farnesyl pyrophosphate (farnesyl-
PP)7} farnesoic acid (FA) 2 13 F & FA+ juvenile hor-
mone acid O-methyltransferase (JHAMT) Il 2|5l methyl
farnesoate (MF) 2 ZEHE T} (Rivera-Perez et al. 2014). 2%
o] A= MF7} methyl farnesoate epoxidase (MFE)©]l <]5}]
active form¢! JHIII= A= o] JHIIIONA B JH
diol©] JH receptorg} A5} downstream A AS] 2He
S ™S Ao R AdHA O]Q'(]iang et al. 2017). 121}

71E @7t HlaL Al 2Rl MFES Y2 8tshe
2t o] EAfoRA] o= AR ZRIE It} (Daimon and
Shinoda 2013). TehA FAZERolA= 252 22 JH 1T
2ol My glo] MF7F JHE] X% active formQ] A2 5
AT (Sin et al. 2015). H|7HA] 274 ecdysteroid
L gng 230k Ed seRo P A2 &
w7 543} SujollAle] el So] dhet 277 B

o]Fo1%l A (Kato et al. 2007; Nakagawa and Henrish 2009;
Miyakawa et al. 2018) 7} F2] JHO| St ol A= {3
A=0] R A A O] AT} ecdyteroid A1 27
3= te] 4o A-gof it A= ¢ F53 Aol
=3] AZRollA gl W 2eA vt S4e e 9
LA=He &S] fIg Hioleutrlz AREHAL Q)
2] (Giraudo et al. 2017; Chen et al. 2021), B F&F

= "A= WZeAlel tiet 22t 2] A57F B ast.

7|54t =¥ 521 Diaphanosoma celebensis= A 5 &%
(Arthropoda), 7427 (Crustacean), A2t (Cladocera)©ll
Srahoq PRSI 17} dmlaoln A19] Aol
iz A2 A Fast 2 gttt vieke] 4L
AL o (4~5Y), TR A (parthenogenesm)i
ste 5 2d =29 S 7L Qlof Aei=44
Trofl AFE= AL It (Marcial and Hagiwara 2007; Kim et al.
2018; Kim et al. 2021). Z|Z D. celebensisOl| Al ecdysteroid Al
2HAG7 2o Pofst= cyp314al, ecdysone receptor (EcR),
HR3, E7§ 57 22 f3147F Q15910 gn) 79 ¢
o] -2 B Hf Qltk(In et al. 2019, 2020, 2021).

2 AFoME 714t S SA JH AZHEE =
H FARE sstaL, 2] F7]01AM 9 o5 F3IAe]
3 g2 Blaste] 11 g SISk ol= ARl
A JHASHEE = xke] g ¥ 7)52 olsfishe
o =20l & Zo|th

7]

Ml
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= 9

1 A[RYE

2 AFoA A ERE ARERE 71544 EH S (Dia-
phanosoma celebensis)~ 738 el EA5/J A A oA
HjeFstal = Ae AREsTh vl Si4=4 (Instant
Ocean, Aquarium systems, Sarrebourg, France) < -7<=Cl
=0l T 02um EZ Z 15psu AFF+E AxsH
of ARESHATE AR 2402 & 25+1°C, BF7] 12:12
(light : dark) = F+2|5HAL, Hol=

1.0~3.0x10%cells mL '] B2 ujd FFoFtt.

Chlorella vulgarzs =

2. SHEXME Y AISEN
7154 B E0] JH A G 2 -FAH(JHAMT, Met,

and JHEH)< D. celebensis RNA seq. local transcriptome
database (‘FH e EASAJ e AA) (Kim et al. 2018)
of[ 4] AT} Sequence identity= National Center for Bio-
technology Information (NCBI)-Q] blast X search tool-= At
£5}%9 31, conserved domaine NCBI®] conserved domain
searching site (https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi) & &0l 2415k Al 245 9190 Clustal X
(version 1.83)F °©]-&5t] thEHlEdS 443+ & MEGA
(version 6.0)°llA] neighbor-joining (NJ) WH o2 EA
ST} Al's 24904 bootstrapI_ 1,0003] §H2-519947,
p-distance model= AR&-SFITE AE 2 AlE 240 AR
2t AE9] GenBank accession numbert= Table 1°] LEFY
k.

3. RNA =& 9! cDNA 2

gu] F7]o T JH AR = Fare] e
= 24571 f1ste] Hold 2] 4 H 74t 2815 1A
(¢F 1507 /Al &) E 697 24A17H0tT eppendorf tube
of] BRIt} A 2= Trizol® reagent (Thermo Fisher Scientific
Inc., Ambion, MA, USA)E ©]-&5to] AZAL] HiHof w2t
total RNAS FESH3Th 58 RNAE 1% oP7t== 2
771953} MaestroNano Spectrophotometer (Maestrogen
Inc., Hsinchu, Taiwan)= ©]-85to] A&Fstal ¢k S4E

5197, A260/A280 H]-&©] 1.8~2.02] RNATHS Aglof A}
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Table 1. GenBank accession number of the amino acid sequences used for sequence and phylogenetic analyses in the study

Gene status

Protein name

Common name

Species

Accession No.

Brackish water flea
Water flea
Giant tiger prawn

Diaphanosoma celebensis
Daphnia magna
Penaeus monodon

OL411969
XP_032780651
XP_037788542

JH . JHAMT American lobster Homarus americanus XP_042234172
biosynthesis Gazami crab Portunus trituberculatus ALT10380
Fruit fly Drosophila melanogaster BAC98836
Silk moth Bombyx mori NP_001036901
Western honey bee Apis mellifera NP_001314896
Brackish water flea Diaphanosoma celebensis 0OL411970
Water flea Daphnia magna BAMB83855
Daphnia pulex BAMB83853
JH receptor Met Chinese mitten crab Eriocheir sinensis QLHO01997
Gazami crab Portunus trituberculatus ALT10381
Fruit fly Drosophila melanogaster NP_001285132
Silk moth Bombyx mori ACJ04052
Red flour beetle Tribolium castaneum NP_001092812
Brackish water flea Diaphanosoma celebensis 0OL411971
Water flea Daphnia magna XP_032783666
Whiteleg shrimp Penaeus vannamei XP_027223682
JH . Giant freshwater prawn Macrobrachium rosenbergii AKL71620
degradation JHER Gazami crab Portunus trituberculatus ALT10382
enzymes
Fruit fly Drosophila melanogaster ACV04637
Silk moth Bombyx mori NP_001037201
Mosquito Aedes aegypti AAMB8326

85} ReverTra Ace

8319tk cDNAE 0.5 ug RNAS ©
gPCR RT Master Mix (Toyobo Co., Osaka, Japan)E ©]-8-5F
of AlzAre] WiRioll uhet oHdet & 1/108] SASt ARg
s,

4, Quantitative real time reverse transcription -
polymerase chain reaction (QRT-PCR)

qRT-PCR< KAPA SYBR FAST (Kapa Bioassay systems,
MA, USA)E ©]-85}] CFX96 real-time PCR system (Bio-
Rad Inc., Hercules, CA, USA)°lIA] I35ttt eHAl /-4
A9 ZES of5) Abad
d2 21531 AL, PCR efficiency (90~105%)<t ZF A E 4
B Table 20 YEFATE ZF PCR mixturet= primer set (7—11'
10 pmol), cDNA 3 uL, 1# 1L 2 X SYBR premix (5 uL)< 2

prlmer— primer testS 5l 5°]

goto] 2F 43S 10 uL= AX5HTE PCR) ¥HS X
AL 95°C 1055 95°C 15%, 60°C 1822 353] ¥} 1
E0]ZQl WESAME9] 1S $l5to] melting curves 911
2} 95°Coll A 15%, 60°COllA 1 min ¥-3A]7|H 29 0.5°C
Asgotodet. BFAl 573929 threshold cycle
(Ct) Bt EF-1b 74t (Lee et al. 2021) 2 EA5M A, ZF
A32 33] BHESH T

5 SAEA

="

dlo]E+= B (mean) + TFH 2} (standard deviation;
S.D.)Z EASIALE TAA oA Sigmaplot version
12.0 (Systat Software Inc., San Jose, CA, USA)% 0]-8-5}o]
t-test= H| WS} B4 A3} p ghol 0.0sH T W2 7
SAH0 2 folot BYston
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Table 2. Primers used in this study

Gene Sequence (5'—3) Amplicon size (bp) PCR efficiency (%)
Dc_ JHAMT F: GCGGATTTGCTGGATTCATAC 102 103.84
R: GGTCAGACGATAGTGGATGG
Dc_JHEH F: CCAGCAGTATTACATCCAAGG 151 99.31
R: CAACGAACCCAAGCCCAG
Dc_MET F: CTCGCTGATTTACCTCAACTC 115 90.22
R: GATTTCCTTCACGCCTTCG
Dc_EF-1b F: CGGCTGTGTCGT TGAAGA 91 104.83

R: GGCAATGTCCAC ACTCTG

2 AN = JHAZ SR 2 B {2 5 JHAMT,
Met “12]31 JHEH 325 57453t JHAMT= JH 4l
S 20| FASIA JH IIIZ 2] methylation®]l -85}
] 2FA 2F A=) JHs Aol Tofshs aa=m o
2] 9)t}(Shinoda and Itoyama 2003). A =57H4] JHAMT
© T2 L5 LA Ao 2T A 2F<] Daphnia
pulex (Hui et al. 2010)E HE5tY Neocaridina denticulate
(Sin et al. 2015) A = HAEHA ZFo| et D] 142}
SoA= _]HAMT7]' FAO A MEZ 9] methylationoﬂ Zrg
st 2F4tE9l ME Aol 8% A= she Ao
el O]"’}(Defelipe etal 2011).

2 B4 A3t D, celebensis JHAMT (Dc_ JHAMT) <]
cDNA A 82 147bp2] 5'-UTR, 810 bp2] open reading
frame (ORF), 54bp2] 3-UTRZE A5 o] 3101, 2697h
9] opn|ieitS A2 BRITE De JHAMT ofi| At AE-&
Blast X2 A%+ A3} Daphnia magna®] JHAMT T2
(XP_032780651.1)7} 44% 2 71 152 AAA A5AS

AT}, Conserved domain searching 23 Dc JHAMT+=

S-adenosylmethionine-dependent methyltransferases (Ado-
Met-MTases or SAM) domain (37-124 aa)= 72| 1L 9J.©

B. mori%] _]HAMTJJ' Zro] 2 Bz SAM-binding motif
(E/DXGXG/AXG)E &5ttt (Martin and McMillan
2002; Guo et al. 2021). ©]= A FE2] JHAMTOA 35
2o 2 FALE domain® 2 AdoMet-MTase= methyl-
transfers 915l AdoMetE 7| &2 AR50 S-adenosyl-

258 (©2022. Korean Society of Environmental Biology.

L-homocysteine (AdoHcy) productE A4dst= Gio|},
AdoMet-MTases domain®|l= 7]2}] S-adenosylmethionine
o] A9Sl= S-adenosylmethionine binding site”} 1% =
HEE]o] Q= Aoz dHA Itk (Lietal. 2013). & A
o AT AdoMet-MTases domain Y S-adenosylmethionine
binding site= 5] H2] F& {tof| Hlw A & HEE] 9]
Th(Fig. 1A). AlS &4 23} Dc JHAMT+= U 32
O] THAMT S} 3 clusters ©]F%0™ 22 2R &
T4t EHS D, magna®] JTHAMTS} 71 717to] 9125191
o ti| GZRehs A= 25 1T (Fig. 1B).

Meti= JH receptor= &el4 Qlow 519 f-2t9] JH
response elements (JHRE)°ll 2024 JHAISE Y
oh= 523t 98-S FFSHt (Miura et al. 2005; Zhu ef al.
2010). & Aol Al Dc_Met cDNA partial 4122 820 bp2]
$-UTR2} 1,753bp2] ORFE T4 o] Q1o 584712 of
0|1 AbS A2 8tok= 2 02 UFEFSITY. Blast X searching 2
b)) magnag methoprene-tolerant el (BAMS83855.1)
= F 695709 ofnfieito & 4w o] lom, 40%2] Al
TAAFSAES Bt Dc_Met G A2}2] N-terminal @] 584
A ofrliqtS FEA O R FHSHFE &5k D.
magna—fl Met T Y} HWSHA ©F 100709] ofm]ic4to]
HEo| e 25tk it T 9] conserved domain©]
Fofl f1AIstal 2171 wiizell #Aa% F
o] 7553 Met= bHLS-PAS family©l| 45t= Tl
;ﬂ;k] JH AlQ % %—751_2,_01]/\1 _,47~ AH/R—]‘:‘O] MFQ]. 7:101-
St= 842 LA Ut (Jindra et al. 2013). Conserved
domain searching A} Dc_Met ofu| At A E-L& bHLS-
PAS family protein©l] &A|5}= bHLS-PAS domain (10-62
aa)= H]5E51 2709] Per-Arnt-Sim (PAS) domain (PAS-A,

2 N-terminal
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(A) 3-adenosylmethionine binding site
x 20

40

D.celebensis
D.magna
P.monodon
H.americanus :
F.trituberculatus :
D.melancgaster
B.mori
A.mellifera
"
D.celebensis = AGVDﬁ‘JPP 98
D.magna : IDARDWFPD 100
P.monodon : VOPRQTEPD 102
H.americanus : VOPRCOMFPD 102
P.trituberculatus : VOPRQUEPD g4
D.melanogaster : RLEEEMS-G 58
B.mori : DLTADME-Q 53
A.mellifera : DLPKDTE-D g7
(B) .
72 | D.celebensis IHAMT
{00 D.magna JHAMT
60 :P.mouorfan JHAMT Crustacean
H americanus JHAMT
100
P.trituberculats THAMT
A.mellifera JHAMT
B.mori JHAMT Insect
95 D.melano gaster JHAMT

—
0.05

Fig. 1. (A) Multiple alignment of the deduced amino acid sequences of the AdoMet-MTase domain of Diaphanosoma celebensis JHAMT
with those of insects and other crustaceans. The red boxes indicate the S-adenosylmethionine binding site. (B) Phylogenetic tree of the
deduced amino acid sequences of Diaphanosoma celebensis JHAMT and those of insects and other crustaceans. The tree was construct-

ed with 1,000 bootstrap replicates.

110-185 aa; PAS-B, 255-359 aa) 0] & HEHo] Q=208
1= 91t (Fig. 2A). £3] PAS-B domainoll= 1 =2 HE
H g7ie] A/ ofm| At ZH7] (Tyr®S, The®®, Te?®, Val**,
Ser’®! Leu®, Ser®®?, Cys349)% ligand binding siteS LERH
T} (Miyakawa et al. 2013; Li et al. 2021). ©15 & 6712 %
7]+ JH-binding pocket= /ot H Tolsh= A o=
A2 Itk (Li et al. 2011). | Daphnia Metol| 4] PAS-B
domain W W™ 2] 27]2] ZH7|of| A ofm]i il Z|gho] Bt
% v} 2T (Miyakawa et al. 2013). Fig. 2A 2] PAS-B domain
o] ol gelA Hozl= AAYE BHEH 7] 5 sHA
X7} oA Valine©|H Daphnia®l|Xl+= Threonine.>
2 A=Atk 23U D. celebensis@t HZHRoll A= Serine
(Ser®) S & 2|2hel Z15 SQleh 4= Qlth fHH 797 7]

9] B¢ LZo| A= Threonine{!dl, D. celebensiss EZSH

2R oA e 5% Serine (Ser®) 22 |8 7S &9l
e}

S g

AR
23t & AN B T RS ofmeAt Holrh 253 AR
2] ligand©ll thet Met2] 29} 50142 2fo]of 7o ge
Ao g FAstAth AE 242 Ut AT De_
Meti= &2 Z|ZF7}1 Daphnia sp.2F 71 7F4A clusters
B/J5F3ltt (Fig. 2B).

JHEHE 514 4%, ¥, g1 9 o] Has=
& JH 23l T8 H= k= 40|t (Zhang et al.
2005; Mackert et al. 2010). T2t JHEHA= microsomal epoxide
hydrolase (EC 3.3.2.9) family®ll £3}™ epoxide hydro-
lases (EHs) 3-°llA] WA L k= family 5 5FHo]th(Zhou
et al. 2014). 55| EHs*= epoxidesE W A|A 11 3Fot2] &

4= B0l Bl=E YoM, et 242 1Y
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(A) bHLS PAS

celebensis

Magna

pulex

Sinensis
tritubsrouzla tus
melanogaster
mori

castansum

HEE YR Do

PAS-A

D.celebensis :
D.Magna :
D.pulex H
E.Sinensis

P. trltaberculatus
D.melancgaster
B.mori

T.castansum

PAS-B

D.celebensis H
D.Magna H
D.pulex H
E.Sinensis '
P.trituberculatus -
D.melancgaster =
B.mori
T.castansum g

D.celebensis
Magna E
pulex
Sinensis H
trituberculatus:
melanogaster H
mori :
castaneum =

Hopmbog

(B)

: 53
: 54

: 58
: 55
: 52
1 72
: §5

== 1 45
aE : 60
lEIﬂ : 62

HE.FCC
HEIFQQH

| e

59

L]

- : 50

coifrc
RETMR- -~~~ : 53
HOR@RMYEINT : 57

63
63
63

5

65
€5
€6
66

94

D celebensis Met

— D.magna Met

Crustacean

100 L P pulexr Met

100 I— P trituberculatus Met

E. sinensis Met

T castaneim Met

100 | 1ml

D.melanogaster Met | Insect

B.mori Met

Fig. 2. (A) Multiple alignment of the deduced amino acid sequences of bHLS_PAS, PAS-A, and the PAS-B domain of Diaphanosoma cele-
bensis Met with those of insects and other crustaceans. Red triangles indicate ligand-binding sites, and red boxes are modified residues. (B)
Phylogenetic tree of the deduced amino acid sequences of Diaphanosoma celebensis Met and those of insects and other crustaceans. The

tree was constructed with 1,000 bootstrap replicates.

A7l 9 2} (Arand et al. 2005). 2 JHEH= 7472}
FoAlME ZFoNAeE FARRE Aoz 2Hget Zlog 5
A=) 31 T} (Hyde et al. 2019).

260 (©2022. Korean Society of Environmental Biology.

B 5o A Dc JHEH cDNAE 442bp2] 5'-UTR, 1,350
bp2] ORF, Z12]11 93bp2] 3-UTRE ©|Fo]A 912™, 449
N9 ot ARS- ¢F S SFSH} Conserved domain searching
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| MmN
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magna

vannameli
rosenbergli
trituberculatus :
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mori

celebensis
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wvannamei
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aegyptLl

mori

NAGVAFEVAEKMLV
NAGAG-HEVWRVMG--EB
SLVIMLATAGGLVYRNVTOLWADLE?
GFAGRFMEVTETLLVGVLEKVFCOLSAPAR
mari : GsRELFHARcEEVLASTPLY - LIFLKSD

“

MNTAPIGTER
B ALTLE PAATFLEE

DD ®Om= %L

TSLY
L cq
NT)
iH SH
IH} FAR
ETY
T\ NREYRREDQ----
LEAMGEFRELENVETEL :

: 453
: 461
: 460
: 457
1 474
461
461

1.2 T

i i

S—— 11| i i

,
0.8
0.6
0.4
0.2
0 : I
50

100
transmembrane

150 200
inside

250

300 350

outside

100

D.celebensis JHEH
D.magna THEH

s

M rosenbergii JHEH

100

P.trituberculatus JHEH

P.vannamei JHEH

B.mori JHEH

D.melanogaster JHEH

A.aegypti JIHEH

400

Crustacean

Insect

Fig. 3. (A) Multiple alignment of the deduced amino acid sequences of Diaphanosoma celebensis JHEH with those of insects and other
crustaceans. The red boxes indicate the conserved motif. Red asterisks and black triangles are typically conserved residues. (B) Transmem-
brane domains of JHEH in D. celebensis predicted using TMHMM 2.0. (C) Phylogenetic tree of the deduced amino acid sequences of
Diaphanosoma celebensis Met and those of insects and other crustaceans. The tree was constructed with 1,000 bootstrap replicates.
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2 &3 Dc-JHEH” P uEE BEH 2709] domain, epoxide
hydrolase N-terminus (EHN) domain (47-156 aa)@} alpha/
beta hydrolase foldQ! Abhydrolase domain (142-382 aa)
£ 7IA3L 9l3-& ERI5H3ITE De JHEHE thE 29
JHEHOIA B354 o2 HEH motifd] “HGWPS 7HA| 1L
}lom 37§9] catalytic residues! Aspnz, His**, Glu*®2}
2709] tyrosine 71 (Tyr*”, Tyr*®)E 7FA 2L Q1A Tt (Fig.
3A).

£3| JHEHOIA 35422 WA= N-terminal mem-
brane anchor motif¢] “WWG = 115 AEolA= 2 B
ZHo] Q= W, o, Y E, A el T
2] = Aoz dHA SIth(Zhou et al. 2014). 12U £
Aol A cHEHElE A3 “WWG” motifs 2579t T 7
I o A= & HEE O] QLo D, celebensiss Eo= A
P AAFA AR E wws” FEi= Hg o] 3l
o} “WWG” motife= JHMH7} A5k A3 4| |rof| At
St anchor2A4] 7| 5oH= A2 & A QIth(Gilbert et
al. 2000). Tk P H motifS ZH= Dc JHEHZ} trans-
membrane domains Zf=3] Fotl 7] €8 TMHMM 2.0
A& 3 A9 “WWG™E Z= Bombyx mori (Zhou et al.
2014) 2} Lymantria dispar (Wen et al. 2018) 2] JHEHS} 20|
N-terminal signal sequence S 7FA]|1! Q1= A0 = LFEpRITH
(Fig. 3B).

T F BEE O] 9l catalytic triad2t 2709] tyrosine
7= a/p hydrolase qioA AdFoZ JeERTE=Y)
epoxide ring®] AtA @zto] FAA2AE AlFshH FYSHA
3 F= «J3hS T} (Yamada et al. 2000). 712 “HGWP”
motif= Trp! 9] % AF&:0] e} 181 F719] Agp?™
Atolof| adRtE @AdshaA Zrf 28-S &olstA s

TFE= 9T ?.hjr(Zhou et al. 2014). wraba B A Al

o 4 QIth Al 4 ddbe ohE T fAAeb
2 2)Z}5F JHEHZ}F 3| clustering™| 1.2 ™ ZZH9] clade
= 250 A3t FEsHA 25 ATk (Fig. 3C).

ofpi At AE 74 B AT 24 ZTE 59l D. cele-
bensis®| JH 42 T 42 JHAMT, Met 12] 11 JHEH=
AR 9 259 oid Gy 7158 os fARE 2o
2 FHHE olgft A= ol AT D. celebensis ]
g ep Ay 5l A Alof] Profet A lS AAIR L

==

O:
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2. 2o 7|2t 3Ot JH AT MY R Z A
R Tt

JHE 20-hydroxyecdysone (20E) 2} 34 253t 37+
o] gujet e} H-E 2 Hok= FaT 92
(Wen et al. 2015). 20E+= B} HEE F316l=
St JHS f5olA Az o] Bls Alshe dgd=
1—4'(Rjddif0rd et al. 2003). D. celebensis®] BT F7]= A4
g%y o) dell= vl ARG A2 A4y o] Fofl= 2ol
eF AR dojdtial 4 A QUTH(Segwa and Yang 1990). In
etal. (2019)2 2 ATef AR vliF 2214 sL 7~8
Ao o7} PR ekl Bt v Qlet 71 A oA
ol &) 5220l 20E9] THES ZuJSR gp314al £7
242t 20E9] -8R EcRE] F-42F o] sU} 7~8Y
2ol o WAHS Helozw o] 7|9t o] 9t
AL HATsH e e A2Rol A gl 7)o whE JH 7
2 fAzre g 2 A7t il BT

2 Aol A= JH A 2ol ToIsh= JHAMT, Met, Z12] 11
JHEH #732He] &u] 7] Yo A o] 2l Fd= F71=
ZAFSHATE JH A 7 2ol Boldh= JTHAMT 5749
rd2 20E Tl ToAdSh= oyp314A1 AR} FAFS
Fd2 B OH D, celebensisS] B0 719 Y| oh= 43F
< XAt} (Fig. 4A). HH MEO] A4 484120 Met 77
Zho] W2 g9} &) Atolof 'Ido] Frtshe =
X SIt}(Fig. 4B). MF &l & ‘5ol AWl MF 5= f2]°l &
Q3+ S Sh= JHEH 1379 7% JHAMT G427}
Aol g dehihs 52 olF F7kslen} 47 A
= P2 HATH(Fig. 4Q).

MF A1 [3H] -farnesyl diazoketone binding activity
A3 AT} Lobster hemolympholl A ©1] £7] & MF
binding activity”} &3 %o ZAsittr} o 2u7t A
oJut7] A7 A2t Sk = HeQl B Atk (Chang
et al. 1993). o|¢} & 2 A+o|A MF S Heot=
JHAMT 70712 ¥redo] ghn) £7]ef Ax|oh= Fda B
o 24 MEZ} Eof TofRiths A o 4= Stk oh,
D. melanogaster®] JHAMT -+732+2] knockdown A3 24
W e v Wsliste] ZiA|e] AAE et HE 9le
™ (Niwa et al. 2008), Tribolium castaneaum©I X JHAMTS]
RNA interference 2 91 9] Aol A = 35 7] ZHA |4 HE]
o] ZZHE Tk B H HF Qlok (Minakuchi et al. 2008).
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Fig. 4. Relative mRNA expression of JHAMT (A), Met (B), and
JHEH (C) during molting in Diaphanosoma celebensis (4-9 days
old). Asterisk indicates data with significant differences by t-test
(p<0.05).

webA JHAMTZ}E JH g0l Tojeto =4 2
R obygt Q] Mo T g
(Guo et al. 2021).

Met+= ecdysteroid receptor (EcR) %} retinoid X receptor

reh BN
R

(RXR) T H-ggh 4= QlojA] At A7 g 24
O =X Fujol HE|E Fiedhe o WIS 4= JITH(Shin et
al. 2015). B. mori® 4 Met RNAi 4
do] A=A A 20E°] ool 2AHE B=7F A=,
WA 2] AAFE &R HE 3UTH(Guo et al. 2012). RHH Lepi-
dopteran Helicoverpa armigeragq Metl GAA}Q] Wdo] &
o] A7) Eohs g et g 7 A7|oA B w2 Ed
& By Metl AT 750 WA A7) Fetel 24
Tkl A|AISFACH(Li et al. 2021). 0] S Ayp= 2 oA
et AAJstdet. Egh A2 =2 20E9t JH HI7F Met]
Azre] s S7HNAE 4 9lew, 2089 57T ¢ =ot
AW Met19] o] Q5|8 AAE= FS B o=2H
Met19] 57421 o] JHEE 20E9] Q]38 A H T A|A]
Sheiet. ol 2et Avk= 21 g 5 JHEF 20E9] cross-talk
£ Ju] gt (Li et al. 2019).

JHEH®= AXZ Yl JHO| 5= & 24oks & 93et
t}. Lymantria dispar 3% 7] F-&°ll 4 JHEHI +73212] &
= A7 ERIRE At 7H =2 o] gy 3 12

e}
N
B
N
iy
lo,
=2
oflt

o ol

HATH(When et al. 2018). A A3} B. mori JHEHO
A= T vF QL9 (Zhang et al. 2005), & A A
o|9} o] &) & 7RI HAF Faste Fde HA
o}, ¢ HEE she 25914 w2 59 JH= 159
2] S FERthl 4R 312 ™ (Dubrovsky 2005),
webA JHEHS] B o] das JHO &2 S7HA '
mE T AR FHHETH(When et al. 2018). TS 7+
ZrollAe a7t dojubr] el HApA o= MFe} AT
& ol STtttz ' A7) 2o A iAol =g
& MES} dtjio] M= Aas =t ol deiler o
7} o] o] b 2A &S Q@ 47} %E}(Lee et al. 1998).
oo uhaf &2 ALol|A] D. celebensis JHEH -2 & o] &
u] A 715E G2t F7ste] a7t o] foi7l o] % 7M=&
A E@E Aik= o] A7l JHO| g MEA AR
X A gaj7t o]Folz= o 7oFle Aow
gHoh ?HH A7) 253 fRelA Hol= 'y 7|3t
w2 JHEH®| '@ /o] fol= A= 1ol g 9l |
Y] A719] zpolof whet A= ThE Alm A3 A7)
T2 9S4 2Uth(Chen et al. 2021). THebA] Eo 9 HEA
Al71ofl B2 JH A= T fAxke] et g2 ofsf
7] 91sll 71 Q) A7t e stk
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2 Ao A= 7154 VS D. celebensisS] JH A1 S 0E
7 2ol ToISH= JHAMT, Met “12] 1 JHEH G- 2] A&
A AE A4S AAISHL, g 7)o T ol & £
Zpo] gk olsfistalat FAAPEA HAS F7tE Y
SHATE. D. celebensis®] JH T -3-7d2H= & BE9 domain
= 7HAAL ISl ow, off At A EA Al £42
o 25 X AR s et 7 Ao fAr A
© 2 UEITE 2 D. celebensis®] 1] 710 T Al
Axpe] wrdwsl AvE §3f ol FAH H €4 %
wofoll Toftomi AEA < Hujof 7o Al A
AlSHAH.

N 9

BZFFol A 2= ecdysteroid 2} juvenile hormone (JH)
0% Aol Boishe 2] A540] oJ8) 2
o}, Ecdysteroid} ©e], @3] #oA JH AE H=2 /4
;(]._4 O_ﬂIOELO H.o A 71—71—%01]/(-]1— ZF ol-gq;q o];q 01-1—/]. =l
A= 7154t EH5 (Diaphanosoma celebensis) 2] JH 412
ZB2A JH 4, -84, 23l Foll Tofsh= 35 #4
ZF(JHAMT, Met, JHEH) 2] 97142 243} AlE 4=
AASEAT Eot T 7oA o] 5 712k mRNA
LTS EASEAT D. celebensis®] JH T §-A24= &
omaing 7|1l QoW ofu| e At A E AT}

ATl o} To] 25 U 02 2R 5
7} 71 E0 2 fAR 542 e
e 5 2EE(H) AedEd =
Zpo] st 4TS B8 ol A7 HE| A
Sflof] IO ZHA D. celebensisOl A 435291 Eraof
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