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Physiological Function of Insulin-like Peptides in Insects

Doo Kyung Kim and Jaemin Lee*
Department of New Biology, Daegu Gyeongbuk Institute of Science and Technology (DGIST), Daegu 42988, Korea

ABSTRACT: Insulin and insulin-like growth factor-1 (IGF-1) are hormones that play an important role in the physiological regulation
of metabolism, growth, and longevity in vertebrates. Likewise, insulin-like peptides (ILPs), which are structurally similar to insulin and
IGF-1, are crucial in insect physiology. In this review, we present an integrated summary of insect ILPs and their receptor signaling,
which has been shown to be comparable to insulin and IGF-1 receptor signaling in vertebrates based on genetic studies of Drosophila
melanogaster. Additionally, we review the control of ILP synthesis and secretion in the brain in response to nutrition, as well as the ILPs’
physiological role in insect metabolism. Moreover, we discuss the contribution of ILPs to growth, development, reproduction, and
diapause. Finally, we consider the possibility of targeting ILP receptor signaling in pest management.
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Q3% g 259] ol&To] 7Lt Frederick Banting, Charles (adipose tissue) 5°f ¢l+= 2l& =~&X(insulin receptor)]]
Best, John R. Macleod, James Bert Collipof 2J3] WA% %] Al 3 519 Al YA ol AT S E5f Y-S A =
100 0] Z]= &l $tiRostene and De Meyts, 2021; Sims et al., 6 & o= A%kS 3t (Rostene and De Meyts, 2021; Sims et
2021). Qlevlo) WHe G or MAYSH= AldEoA 2 al.,, 2021). H[ERA|EZ £Jo] = A]FsHYhypothalamus)ofl 4 &=
8|S FAFRAL o] O R Frederick Banting} John R. e HEAZHIERAR L dlaRlo] A4 BE B oqA] thAt
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At RSl of2] ASEEE Qled Tear eyt
A3t insulin-like growth factor-1 (IGF-1)0] Z2}3lt}. o]
© 3te] GAA HHE= ASLB % 9] WeE| =7} ol
sl2gKdisulfide bond) o 2 A FLRE HZCHSmit et
al., 1998). 17 W wllebAl| 2ol A | Qlawl-S 7 22 Yol
EABh= lad -8Aof Zjtsto] ah9] ATHGA S 24
SHA|ZIE) IGF-19] 79 IGF-1 £0]%& 4=8-A|(IGF-1 receptor)
of| AgFetrl sHAINE o] % Yt = Al TG A= el =
BAI2} B UsIT). Q14w S BHS} IGF-1 28R} ol 22
o] FRI=(led, IGF-1)9t deks M =W FFolsA
(homodimer)7} FJ =1L, o] o]FA|7} 742l QlAe} 84S F

3f| =-8-A|ofl EAY|S}=tyrosine o}n|k=Al7] 9] 27 FQ1ANE K auto-

Insulin

Receptor
P aa

phosphorylation) 7} ©]50]2Ich(Fig. 1) (Cohen, 2006; Haeusler
et al., 2018). ©]+= insulin receptor substrate (IRS) THl2]-& 2
skl 0] tyrosine ofw|ieAb7]of F7FAQ1 QNSRS =
Stk Q1A IRS T A2 § 4 2o gl thAl, L3520 w
of} whal2(scaffold protein) 4] 7]°5-8}] phosphatidylinositol
3-kinase (PI3K)& 23 @ 841312 G =3}, 84 3}% PI3K
= Alzzak QIAEE QUikEIRIt QA Q1% % (phospha-
tidylinositol-3,4,5-triphosphate/PIP3)-2 T2 QlAKS A 4
QI PDKI1, AktE 245kl BAs}sto], 2F2 o2 of g 59
Al Ak QIRE(TOR, GSK3, AS160, FOXO 5)2 QAkslsH
o =X iRl Ae]zde] 7]ofgtthFig. 1) (Cohen, 2006;
Haeusler et al., 2018).
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Fig. 1. Insulin receptor signal transduction in vertebrates. Various genetic studies of Drosophila melanogaster indicate that insulin
receptor signaling is also well conserved in insects (insulin-like peptide receptor signaling).
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3 Yof glucose®} trehalose o] F717} 5= ¢l=t] vtsf
AR L srlop e etebe] 2 EES E
2 Y glucoseL}trehalose 2] 747 T2EES
AA =] o] ghei(Duve, 1978; Normann, 1975). ©]% &4
W g A B, §7% Q17 5 59 ILPe] A
) Qe §AE 28 71o] Yrel s, 714
2RI ILP= A5l foll(Bombyx mori) 2] 22 71541
A}=+% 2 2 (prothoracicotropic hormone/PTTH) 2.2 XYZ+z]
oL L=of ILPE 913 % Bombyxin©|tH(Nagasawa et al.,
1984; 1986). Bombyxin L o|3 ¥l=2% 1= [LPE2 A 3F
Sl MR Q1T 9 IGE-13H SARHA Skl §314)
ofl A & = 7719 FE| =7} o]k l(disulfide bond) 2.
2 Zghe Bl 728 wols 0.2 SRIFS
239) ILP 58] A5 AekAo] ofat ofshe 2kl
231}+2), Drosophila melanogaster) 2] -7 A5 F3f] Yo
o] 138, 770 ILP W $AAKDilp1-7)%) 2417120008
Z9HE] o] {AAA7E grE A A 215 %1 3(Brogiolo et al.,
2001), FLAIHFFRHIAZE S4 0= A (salivary gland), 5
ZHmidgut), A5THimaginal disc), E-5-417AH(ventral nerve
cord), 7Helopr 1A, ketebA] SolH ILPS ] 2447} Zukelt
2 12 Sol 4] E¢lo] =g thBollenbacher et al., 1997; Bro-
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giolo et al., 2001; Mizoguchi et al., 1987). 0] % Z3}2]of| 4] 2]
ofe] {4 A5 T3l 52 ILP 8A AT A 77} 2
Fo=9 &t WIGF-1 84 A5 HdgA e} # 9] 53t
th= A o] 98 HthFig. 1) (Garofalo, 2002). O] 24 o] & &
Al oG A 7E ol HekgS B ok et Mshr oz &
HAE ] Qleh= Aol #lE itk

Insulin-like peptide?l 2= Al 42| A

3

&9 JH7F AR, FolA= AW Fd/dE o whet
O] ILP 4|7} 2L 11 of| 2 o] & B] 323t of 2] 3L5-0]| A
S5 Aloll= ILP O] 1] 77k, Wit & A4] Alofl= ILP 2] &
H] 27171 WA= 91 (Masumura et al., 2000), Z3}2]o|A] &
=Z(hemolymph) W] ofu| Al &%= HEE7F 2 HA|(fat body)
O] TOR AT HAGAE B/Y3IA|A 2F2 =2 ¥ O] ILP(Dilp)
Hu)E 243sto] EEQri(Fig. 2) (Geminard et al., 2009).
w5k Algo) Qlgel Huloh $ASHA WA Vol EAlske
lucose?} -2 E51Eo] of] ILP 21]7} f50] o]}
Zzutg] 59 L& A4 B 1% QItKFig. 2) (Masumura et al.,
2000; Oh et al., 2019).
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Glucose

(Carbohydrate and lipid metabolism)
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Reproduction, Lifespan

Fig. 2. Physiological regulation by insulin-like peptides (ILPs) based on the research on Drosophila melanogaster. Detained information

can be found in the main text. (Left - larval stage, right — adult stage).
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Y] o] SR ILPE: £59] 9ok Aol whet a4 9 v
7h 278 B ohjel, 20 thAt el S 28] Yol F

83 95k it =ofl 2] ILP QI Bombyxind A 5ol A= &3}
2 W0l %] gkoLt, §50I A ¥elio] ZA5H glucosest
trehalose & 7HAA)7 1= 75 X ¥ 31(Satake et al., 1997; 1999),
Z}] 8] ol ILPES Il she SdAERuA27 4
AES o §53 45 Hzo] EAsks g@dlE
(glucose, trehalose) 2] 9Fo] Z7}5}%th (Broughton et al., 2005;
Rulifson et al., 2002). E3} Zu}a] o] ILP 484 A5 HLA 7}
zuje] o] Aol ZAeks Ao Z1e 2xstn
(DiAngelo and Birnbaum, 2009), Chico (Z3+2]9] IRS 54
A7} AR 2012 9] 79, AFEEoll 4 IRS12] AAo] 2]
thARe] EAIE oF718iA] a2 - ES(hyperlipidemia) & A
7le AAE, 2] 459 AW AR ol S7kskic
(Bohni etal., 1999). o]Z-2 Ai=2 A2 et H 4
SA A ZAGA 7 tjAE e 2-of Fa51A Hofsh= AA]
H LA ILP U o] 52 =-8A4] A=A 7} thA A2
Z24-o| Fa3t AT S Kol

Insulin-like peptide? 2= 4% X 3 X3

AP |28} ke, AZ( BRI, Caenorhabditis
elegans) 5ol A IGF-10] /g%t =g of] 23k a5 jhrf=
Zo] ofg] A= Tl A=A th(Kenyon, 2005). 1hp-2
A%2] A9, IGF-1 = IGF-1 484 AT AEA 2] ZAAlo]
S AR SAlol e QA= o] HaEloh
(Kenyon, 2005; Yakar and Adamo, 2012). T}2F71 2] 2 21}2]
o= ILPE Wdsk= FUABRHIANEZE AN A,
Dilp2, ILP 2283, PI3K (Dp110, p60), Chico 5] ILP 2
Aodd 2HESAA B HgAsshe EdHolE =Rl
= o) 23}2] o] o] A A g o] A7 (ltk(Bohni et
al., 1999; Broughton et al., 2005; Clancy et al., 2001; Gronke et
al., 2010; Tatar et al., 2001; Weinkove et al., 1999). ©]&{3t 5
= B 359 4% Yol e T 8he Eie(ommatidium)
1Al A e] A7) ILP 84 Al dgA ol o =4
o} ILP 4~8-4, PI3K (Dp110, p60), Akt, Chico 52| ILP 3
A Al a7 o) S-S AASHIE W B e Ao 2
717H i asklan Wit = 84S Sz ol B 1Al 4
ol 27171 =715 TSIt Bohni et al., 1999; Brogiolo et
al., 2001; Verdu et al., 1999; Weinkove et al., 1999). ©] Lo}7}
F7H o2 p3E sk AedgA de2 Y 2H 7

£ FOXO ZA}elA} 9 8ok% 2 E(juvenile hormone)S £3|
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o] F Attt AH|okstcHwangbo et al., 2004; Tatar et al., 2001).

250) 4] 9lo] F27 e = )(molting)1d] Bz
] 0] 215 A7 EH| Af| 3Z(lateral neurosecretory cell/LNC)o]|A]
oA A ZH o (Y = LA S S8l 2HlE= o
71EAA= 5 2E(PTTH) o] &715Al(prothoracic gland) o] 4]
=1 & 2 X (ecdysteroids — ecdysone, 20-hydroxyecdysone) &+
4 9 B2 Z30s}RA) o] FTcKBoo, 2001). A
ZEE Qo= ILP =84 A5 HYA E g a2 JH|
£ AT I o2 20ie] 9] PI3K &/d3h= e7ksAlel 4
A A Eu s e BHlE SXA]7]4L Hig = PI3K 2
oAl QrieAle] 44 D E B HulE ol jlgkk(Fig.
2) (Caldwell et al., 2005; Walkiewicz and Stern, 2009). 1}:2E7}
A2 ILP 4=8H4|9] 519] AT A IAR] TOR ] &S A
SHH 74 497 H B S 2 S A8, o] 2 2l
Hd]7] g Ado] n|F Rtk Layalle et al., 2008). =7} 2 ILP =&
Ae] kel AT QIR IR} TLPo| o8l do] A=
FOXO HARIAL] TAS Z7bal7| el it el 5 22 o
A/ E )71 AR FltiKoyama et al., 2014).
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Ll 2550 FYsAS o gu s 22 Aol &
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et al., 2006). ] 1153} v]|<=8}A] 27|(Culex pipiens)2] ILP
879 BS SlAEkS ) A4 Flo] SEET o &
OF% 2B 2=9lof 2]3f 3|4 =] K Sim and Denlinger, 2008).
ILP 584 A5 HEA} Sulsan 9 gofsan 24
of Tosr] wiFol ol T2 o A== Y Al(rep-
roduction) ESHILP =84 AlsdGA o] o)) 2dE Aoz

A= A=, AR ILPE Bshe STAEEHAEE

AL HIZHY B vo| S §ESlS ), o5 kel o] Al
dicto] o)A 2] It Bohni et al., 1999; Broughton et al., 2005;
Clancy et al., 2001; Ikeya et al., 2002).



Insulin-like peptide?| 05 HHIE H°t &MA sy

A HE S F oS WA 9] 7s g2 D] alEof
ATt 53], 2| CRISPR-Cas9 Al AT 1%?1 Ay
el

54 B39 B0l 9 Bol 4o 2 olol . 304
& Wl 0 22 Z2EHhy Qlti(Anzalone et al., 2020; Bier, 2022).
A0 L= 2 wrje} Zute] S| wjel, 1 9]
chopal a—%ow CRISPR-Cas9-<: o] g3t 47407} ¥ia 1717}
ﬁ;gﬂ ?)+=d|(Bier, 2022; Taning et al., 2017), o]} -2 &
A2 HE WS o] 8REILP -84 Al &7 9] A|of=ILP
o] 3 EH*P A 24| TS A o g% 7 H o]
8] 7317} 2651 5 4= QIek STk A2 et 71 i
of A]4:21 7k} e ol A SFHALe] ciat 21} o
of sh=t]|, | uj=o| A SHR} WE N Plutella xylostella,
Pectinophora gossypiella) % E7](Aedes aegypti) @) A} A3
o] 113 %ol 9lo] FF ILP -84 A5 AL U T2 25 5
R i *X} 1 RS 0]-8-3t 85 A
7} H} 33 9)51A) o] 8E 4= 9)-& A © & 7| tjgtK Shelton et
al., 2020).
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