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Abstract [Aim] To investigate the effect of temperature on the immune system of the spotted-wing drosophila, Drosophila
suzukii, a globally significant agricultural pest, and also determine the composition, structure and evolutionary characteristics,
of the antimicrobial peptides (AMPs) of this species. [Methods] The antibacterial activity of different developmental stages
of D. suzukii reared at 14, 18 and 22 °C against Escherichia coli and Staphyoccus aureus was determined using the
turbidimetric method, and the composition, structure and evolutionary relationship of its AMPs were analyzed using
bioinformatics. Transcriptional levels of AMPs at different temperatures were measured with quantitative PCR. [Results]
The lowest antibacterial activity of eggs against E. coli (P < 0.01) and S. aureus (P < 0.001) was measured at 18 °C, and
that of larvae against E. coli (P < 0.01) and S. aureus (P < 0.05) at 22 °C. There was no significant difference in pupal
antibacterial activity against E. coli (P = 0.351) or S. aureus (P = 0.058) among the tested temperatures. D. suzukii has 21
AMPs belonging to 3 groups, including 5 Attacins, 5 Cecropins, 7 Drosomycins, 2 Diptericins, 1 Defensin and 1
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Metchnikowin. The Drosomycins and Defensin have a close phylogenetic relationship to those of D. melanogaster, whereas

the other AMPs were species-specific. Expression of Diptericin A transcripts of larvae at 22 °C was significantly higher than

at 14 and 18 °C (P < 0.05). [Conclusion] Stronger antibacterial activity in early spring may reduce the effectiveness of

biocontrol methods for D. suzukii. Most AMPs of this species are species-specific, and their response to temperature varied.

Key words temperature stress; Escherichia coli; Staphyoccus aureus; antibacterial peptides; gene family
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melanogaster V& A 21 4B IR/AT R PRSI
, H:r Drosomycin il Metchnikowin =% HA4t
H G E, Cecropin fll Defensin 2 53140 & Fl$iT

H.I#, Drosocin, Attacin A Diptericin E47{ 4l
151 ( Hanson and Lemaitre, 2020 ),

Y R R R AR K R R o R s
B9 F 2% £ ) ( Donga and Baributsa, 2023 ),
B P8 72 495 2 B HR BRI R D TR A AR 1Y) G B
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FEE 1 2H Ry A s BCHE P, PRI SR e 1 e v T
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Table 1 Primers used in this study
GIE7EA JP5 (5-3") AR (°C) PN

Primer name Sequence (5'-3")

Melt temperature (°C) Amplifed gene

q108009529F CCATTCGATTCCGCCGACAG
q108009529R GGGTGGGATTTCCAATGCTCTTA
q108019663F GGCAGTCGCAGGATCGTAAT
ql108019663R GGGAGATTCCTAGGTTGGCG
q108016454F GGATGCCACCATTCAGGTCA
q108016454R GGCAGTCTAAGAGGCGTGAA
q108006756F AGCCGGTTGGCTGAAGAAAT
q108006756R TCAAAGCTCATCCTCTGGCG
q108017893F CTTTGGTGTGCAAGGTCACG
ql108017893R GTTTCCATAAGGTCCGCCCA
q108015348F AGAAGGTGCTGGTCAAGGTG
q108015348R TAGCTCTCATTTCGCAGGGC

85.5 108009529*
85.0 108019663
85.0 108016454
86.5 108006756
85.0 108017893
84.5 RPT6

( NS K Reference genes )

*A A 3G 136116514 i1 108009723 #[H, * Co-amplify 136116514 and 108009723.
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==
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SEZ c0m
B 29 §
# FE :

YF Egg

4hH Larva 1 Pupa
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E1 ERBEEMRASHAEGHE (A) MEEEHAFHKE (B) HMHHRR

Fig. 1

Effect of the temperature and developmental stages on the antibacterial activity to

Escherichia coli (A) and Staphylococcus aureus (B) of Drosophila suzukii

HEAFRKGFAEERBE (P<0.05, Tukey ZHIE BRI ),

Different uppercase letters above bars represent significant difference (P < 0.05, Tukey’s multiple range test).
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Fig. 2 Chromosomal locus of antimicrobial peptides of Drosophila suzukii
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¥I&5 A CXC Fl CXXXC HFF
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Hr Tk 2 Attacin FIXGH AR Diptericin Y& T &
HEMRYUH IR . BEHRIEIRN Atracin FEH
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RXXRXRR BYHTAKELF . 108017332 Tofs 5 kAl
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ZHEA 19 MEFAAERK, 108009723 5§
108009529 Z [ 5 NEFREIMR; 136116514
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HIA R 8 Cecropin ( A ). Drosomycin 55 Defensin ( B ), Attacin 5 Diptericin ( C ) B Z &b 3T

Fig.3 Multiple alignment of Cecropin (A), Drosomycin and Defensin (B), Attacin and Diptericin (C) of Drosophila suzukii

(RSP RORE IR B s #: (RSP RORTYIDT K5 B WA SR A 38 1 OB IL MR s JRAE . (32K
VRIRHE: WK, MRla Skt @ N (R Ls ks B (RSFALFE. t1. Defensin; f: Diptericin.

*: Conserved plant defensin specific amino acid; #: Conserved base amino acids at position 38 and aromatic

5 1) 2,

amino acid of plant defense; Grey: Signal peptide; Dark grey: Propeptide; Light green and blue:
Conserved domain; Shade: Conserved motif.
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ZEKg3R, Diptericin B WA £ 45 i Ik R 24 g 3 e Metchnikowin #l D1pter101n A AL FE
RVRR. Metchnikowin J& T & IHA Mk, 78 Drosomycin Fl Defensin; 55 =41 37 fi & Cecropin.
ORI HR B 1 R (3K 2), (s BEEIREE Cecropin 108016454 F1 108006756 %4
“ZJIKF Antimicrobial 10 superfamily Z5#4/38, A, —XJa, SRERER Cecropin A —;

KR 29

AR, Metchnikowin (108017949 ) Hfli—37 . BE#A
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25 ARBETHERBETIENAREERRE
S

RI, R 2 AL T B R %) L Diptericin A
AL A ; (BXT Attacin Fl1 Cecropin J& K &
BETREZN (£3),

AT N FE IR TEEA TAYE & PCR Z0HT

x3 TEEBETHARBHMONERNERBMNRLE

Table 3 Relative expression profile of partial antimicrobial peptides of

Drosophila suzukii at different temperature

HRE (°C)

Temperature (°C)

Witz A

Attacin A
(108009529)

Wi#E C

Attacin C
(108019663)

KER B
Cecropin B
(108016454)

K#g C
Cecropin C
(108006756)

ACHK A
Diptericin A
(108017893)

14
18
22
F
P

0.214+0.083 A
0.012+0.003 A
0.603£0.213 A
Fy5=4.685
0.071

0.215+0.035 A
0.193£0.079 A
0.815+0.410 A
Fyg=1217
0.360

0.3000.030 A
0.510+0.490 A
1.180+0.680 A
Fy4=0.896
0.456

1.923+1.656 A
1.989+1.668 A
1.415+0.460 A
Fyo=0.052
0.950

0.033+0.008 B
0.006:0.003 B
0.630+0.207 A
Fys=18.664
0.017

FP R PR, RSB SR AR TR 257 B3 (P <0.05, Tukey ZH ML) .

Data in the table are presented as mean + SE, and followed by different letters within the same column indicate significant

difference (P < 0.05, Tukey’s multiple range test).

3 SRS

Wi 5 1% Ge Ak 2 A 25 76 3 B 6 v i TR R
HARTE NG B R R S A8 I AT
RUAE YA 25 DR AR TS | R i DROR A 1 5 S
P, FEFH BBHIG RO Ok B 2E ( Hezakiel
et al., 2024 ), 1 W [ K255 26 By 570 9 AR AL
A BT B[R] AR il 350 %) SRS T AR e 28 (s i L
U B 2 5 — BRI AR X B R R R
W B B Z AL (Roy et al, 2009; Pandey and
Nichols, 2011 ), 4% SR BUBEH At 259 TR 2K
A2 LS AN [A], ELBR AN 040 T OR 52 T
JEE V) e k2 5 0 SRR P D AR L 5 R R
Sebg B AR, N EARRRESE; AE
Diptericin A Xk B2 1 0 hi; S R 7E 19 D) REEAA
UM o IZBFFE AT M S St A TR PE LG A R G
PEAEFLRRE o B9 X H e e T g i IR A AL
il o PR AR 5 A AR B B A BRAIL T A
# % % Y ( Williams and Boyko, 2016 ),

T2 15 | RS AR 1 A T ) PO e T
JON, w2 B B A Eme y, (Liu et al., 2017; Guz
etal, 2021 ), AW Tenebrio molitor 4l RAF5%
T & B 18 1 22 °CA T #6557 2 3K

FETEVERA BT 26 A1 30 °C, HEMRKIES
P B BRI B 5 s B AR A B, B9
TINREME (BEERSE, 2014 ), BRI IR L) di 28
AR FE (Acute cold ) I ARG AN 14
bR BE 77, 0B BT RS A T TE S P BE
(' Salehipour-Shirazi et al., 2017 ), BN EIKEE RE
TEFRIRVRAN T BB (Realised immunity ).
AMIFFE A K IR IR T BRES S e 2y B X K B 4 o
11 4 0 4] 28 BR AT 1 AR S M TR BB T B AR
AT RE 5 WL EE T B AR WAk B2 A AR 7 &
WA K; A, 22 °Clg THE AR r A KIEH
TR, WGBS B0 SR i ) HURT R B 2 hg i T
K AE (Mackay et al., 2023 ); {HEARHLH| L
i e it — AT

Hanson %% (2023 ) Hfifiid 4T B IR AY 2 A
Myae 518 FAESHHEDMEEREREZA
Koo BREAH L 5 RE N S A SR B A S AR
L0 320 S g = A B A, LA b P o
JRAE P IR R R Pseudomonas . TR 16 &
Candida W FJE%4 5 (Leach et al., 2016 ), TMjHL
T i R T B A K IR R I A A AR 1 e
BT EIIE KRS S (Kim et al., 2022 ), HHE
320 SRR T B SR G SRS, A 3K AT e
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B YU KA BCALME A 22 5 0 JE PR B0 SR 0
55 PRNE ST T KRR N2 B ], (L 2R
MERMEPTEIKZ 1 > Attacing /> 1 4~ Cecropin
{RIEEF1 Drosocin #&H ., H:H, Drosocin ( FE
51 1080097245 HEE S : XP_016929796.3)
BAREE A EP AT LIRS, {H7E SMART #i
Conserved Domain search 82K K& AR 45
¥, SARWF R AES LLXS RIS Drosocin 3 [H 3]
HPTHE R, BRI Cecropin fHFE—FARFIEH
F 2 A IR P 58 4 —FU Cecropin H .

Z O R L B S Cecropin fA7E 11 D&
PR S5, Hoh 5 AN S AEE TR S IR,
XL S HREM R A Cecropin ZH A FIZE MG A
AR, BRI Attacins . Cecropin C .

Drosomycins il Defensin 25471 b Ik 2% P41 E SR i

BT 22 165 BRAE B &R0 , 12 5 S Z 4k Wang et al.,

2020 ), MR BRI Attacins . Drosomycin
Defensin )5 BRI B A BT RRE LR,
MEAZERIT6E
Attacin fl Defensin [N EAG T {ERERETT,
o) iz, WREA TP ARFIZE . anZ)
v B W & ik Hyalophora cecropia W Attacin R
Z 5 2R 1T A4 RT3 o A S g2 41 o 9 D TR
P14 (Carlsson et al., 1998 ), 224k ME Lucilia
sericata "P Attacin FJfEFE AEHEL O @A,
K0T Hermetia illucens B9 Attacin 1] fiJi il 4t H 42
KEHRSEOMEIKE KCCM 40881 Z5H
( Wollina et al., 2002; Shin and Park, 2019 ),
Attacin PURTE R S X4Hh, 8525
PO SN 91 ¥ L far L K BR R A R
( Buonocore et al., 2021 ), Hi@# i ai k2L )5 3k
15 A 0T TG 0 IR AR T o B SR )
Attacin JR I B B 5 6T 22 S % i R0 R K i 1Y)
Attacin KJE, {U%A 169-190 NaHERR, Hrh
Attacin A 108017332 5 B JERMEH Attacin D 1)
SEFRRTR], 0 R M ST R R B TS D g Y A5
{ii %A ( Hedengren et al., 2000 ), Zaidman-Rémy
% (2018 ) #EM Diptericin A1 Attacin PH & /7 7E W
Ak L% ; Diptericin 73 iof 2 FE R B e it
KB PR T4 Wk S 5 B s v it

1k (Hanson et al., 2019, 2023 ) , #EN Attacin J©
) ) 28 FE 1R 98 A8t B 2 T .

BT R W Diptericin A 5 B E S 1Y
Diptericin A 12545 —34( Hedengren et al., 2000 ),
FRGRRB, T D REAHIT o AR SR
75 S RIPT# BK Diptericin A J& Diptericin B & il j5
AR, S5 8 A0 NS S A 0 ] 2L

(Zhao et al., 2011 ), IR T HiFE LA (El-Saadi
et al, 2023 ) FIARA T I PR E WA
Providencia rettgeri 124 ( Hanson et al., 2023 )
FE R P S %) Diptericin A 7] i ARG ViR
i, eI AR ] 2 SR A S B . BE
W0 Drosomycin 108007122 1 108007120 5
A IR E BAERRALS, SHEYPIHE D2 5488
S5 RS 8 B T S Y s R R A A — B

( Landon er al., 2000 ); T1fij H. Drosomycin {£5F [
PR RS B e, n] SRR B AN pH
A A G MR E ( Zhang and Zhu, 2009 );
T B8 R 0 Defensin BKZ5 4 H (1 6 N PRSF 0 24 i
RBIRFEH S B E AY Defensin ( 0% 1 B BT
K ) BKE5HAATH ( Shafee et al., 2016 ); FAJE FLif
H , Metchnikowin 38 i 27175 41 11 40 g /E FH T 4 it
N H bR HAE K ( Mangano et al., 2023 ),
Z: 5T REIR FICAZ S 2 RGO, HF5IHY
25 fLEAFETE P/R MR BEERR, MR TR
G BE N AN A 3% S AL ( Perlmutter et al.,
2024 ), i BE#A SR 5 1240 Metchnikowin HTEA K
BUAARES 25 ik P, RABA R DS,
MR 48 Metchnikowin EAARVE LI A E5
SR R AN ]

PO Cecropin J& R R A7 AE S5 7E SR IK
1> Hermetia illucens —%{ ( Peng et al., 2024 ),
Cecropin FIXFf i Fe ik | JE K & &2 Mo ek
A BT B AR TEOR E AR, B BRI )
F# Kk (Lindsay et al., 2018 ), REK B T
H R Cecropin FEPRI RN b 2 () Wy Fh e S
BUAH R AR Cecropin B 5 58— HEM 2
HFEHR Cecropin FEHTEE . JCINREMIH /13
R S 7 ik i AY (Carboni et al., 2022;
Guo et al., 2023 ), BERIEH Cecropin 354
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& S0 %) Cecropin C ( Hinge 158 G ) E&% K
AT, EMIIGE T fiES Cecropin C AR .
ME R ME Cecropin 7 7E DLG/SLG % £ F
Hinge 1 /5 ( Forfar et al, 2025), ¥ 5
Cecropin H HAF7E GLV/VIG Hinge i /5., S8 IR
B Cecropin Hinge {7 i 1) 28 B8 5 A48 15 4225 M) H:
WA KP4 B E D ( Providencia
burhodogranariea D ) W) &c/NMIE K E ( Forfar
etal., 2025 ),

PR S AR A B e e i A A, HAZ IR
FE VR (R 5T SR AR5/ | 5% e () R HL
PR B R AN 22 L o AR5 A AN [ kXt Bt 32
SN A RS BT E T 22 5%, BBkl
BN # 5 R SR i A AN [m] A S A Y A=
A2 5 O o B0 DA FROGT I 2 BR3P e 1 A 25
R EHGE, EiE 37 °CHECRAK MR GR
PRI Pf-5 ( Pseudomonas protegens Pf-5)
J& Cecropin [WAMEATEMIE, HAAE R LT
R IE M 38 S B S W Lasioderma  serricorne
Defensin #45¢ /KT, 1B Attacin F Cecropin
FER ik g 028k ( Zhang et al., 2024 ) %, {H
F T B3 SR i 1% e 20 < i A e L [R) SS 40 RT K ]
AL R R, s PCR 5191kl ik X Jakds
B TR T — e /R Y, BRI
J& 4 ERT TR PR 2 S5 7K V%o R mie) 1oz AL o] A
BRI BRSO & T R GetE i, AR I o B
FEMia AfZET, AT Ao IR R o
etk —20 38 35 Taqman FREF TR S B 5 1 5 |
W, PR AHL TR K IR R e 1 22 Sl A B IR A
TG I I J P AR AT B H A 28 A 1 FBTL A o
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