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Abstract: As a crucial group of probiotics, lactic acid bacteria (LAB) play a vital role in the gut
microbial ecosystem of insects. This article comprehensively reviewed the species composition,
ecological functions, and practical values of LAB in the guts of major insect orders, including
Hymenoptera, Diptera, Coleoptera, Hemiptera, Lepidoptera, Blattodea, and Orthoptera. To date,
multiple LAB genera including Lactobacillus, Lactococcus, Leuconostoc, Pediococcus,
Enterococcus, Bifidobacterium, and Weissella were successfully identified from insect guts. The
community composition of these bacteria was shaped by factors such as host phylogeny, dietary
traits, developmental stages, gut microenvironment, and external ecological conditions. The LAB
in insect guts not only assist the hosts in degrading recalcitrant complexes by secreting extracellular
enzymes but also inhibit pathogens through the synthesis of antimicrobial substances such as
bacteriocins. Additionally, they modulate host immune responses, promote growth and
development, regulate host behavior, and participate in the metabolic detoxification of xenobiotics,
thereby enhancing host survival and adaptability. Furthermore, insect-derived LAB held great
potential in the production of resource insects, pest management, agricultural waste utilization, and
green manufacturing. In summary, insect guts represent an important reservoir for the discovery
and isolation of novel LAB.

Keywords: insect microbiota; gut symbionts; immune modulation; antagonism against pathogens;

probiotic potential
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Table 1 Distribution of intestinal lactic acid bacteria genera in different insect orders
Insect order  Insect family Insect species Identified lactic acid bacteria References
Hymenoptera Apidae Apis mellifera Apilactobacillus kunkeei, Lactobacillus apis, Lactobacillus [13,15,
helveticus, Limosilactobacillus reuteri, Lactiplantibacillus 24-28]
plantarum, Leuconostoc mesenteroides, Fructobacillus sp.,
Bifidobacterium sp., Pediococcus sp.
Apis cerana Limosilactobacillus reuteri, Lactobacillus helveticus, [29-32]
Lactiplantibacillus plantarum, Lactobacillus apis
Bombus spp. Bombilactobacillus bombi, Lactobacillus bombicola, Weissella [33-35]
bombi, Convivina intestini, Lactobacillus melliventris
Formicidae Solenopsis invicta Lactobacillus sp., Pediococcus sp. [36]
Eciton burchellii ~ Weissella sp. [37]
Oecophylla Lactobacillaceae [38]
smaragdina
Cephalotes varians Lactobacillales [39]
Camponotus Lactobacillales [40]
floridanus
Diptera Drosophilidae ~ Drosophila Leuconostoc mesenteroides, Paucilactobacillus vaccinostercus, — [41-45]
melanogaster Lactiplantibacillus plantarum, Weissella paramesenteroides,
Lacticaseibacillus rhamnosus
Phortica okadai  Lactiplantibacillus argentoratensis, Leuconostoc citreum, [46]
Levilactobacillus brevis
Muscidae Musca domestica  Streptococcus sanguinis, Limosilactobacillus fermentum, [47-48]
Lactiplantibacillus plantarum
Calliphoridae  Aldrichina grahami Vagococcus sp., Lactobacillus sp. [49]
Lucilia sericata Lactobacillus sp., Lactococcus sp., Vagococcus sp. [50]
Lucilia cuprina Lactobacillus sp., Lactococcus sp., Vagococcus sp. [50]
Stratiomyidae  Hermetia illucens Lactiplantibacillus plantarum, Lactobacillus sp., Weissella sp., [51-52]
Pediococcus sp.
Culicidae Culex Vagococcus fluvialis [53]
quinquefasciatus
Tephritidae Bactrocera dorsalis Lactobacillus sp., Enterococcus casseliflavus, Lactococcus lactis  [54-55]
Ceratitis capitata  Lactococcus lactis [56]
Coleoptera  Tenebrionidae  Tenebrio molitor ~ Pediococcus pentosaceus, Enterococcus sp., Lactococcus sp., [57-58]
Weissella sp.
Scarabacidae Allomyrina Lactococcus allomyrinae [59]
dichotoma
Protaetia Lactococcus protaetiae [60]
brevitarsis
seulensis
Cerambycidae  Batocera lineolata Enterococcus saccharolyticus [61]
Dytiscidae Cybister lewisianus Vagococcus coleopterorum [62]
Hydrophilidae  Hydrophilus Vagococcus hydrophili [62]
acuminatus
Curculionidae ~ Rhynchophorus Lactococcus sp. [63]
ferrugineus
(%)
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Insect order  Insect family Insect species Identified lactic acid bacteria References
Hemiptera Miridae Adelphocoris Enterococcus faecalis, Lactococcus sp. [64-65]
suturalis
Alydidae Riptortus pedestris Lactococcus lactis, Enterococcus faecalis [66]
Pyrrhocoridae  Pyrrhocoris Enterococcus faecalis, Enterococcus casseliflavus [67]
sibiricus
Lepidoptera Bombycidae Bombyx mori Enterococcus mundtii, Weissella sp., Enterococcus sp. [68-69]
Saturniidae Samia ricini Enterococcus hirae, Weissella cibaria, Enterococcus sp. [19]
Plutellidae Plutella xylostella  Enterococcus mundtii [70]
Noctuidae Spodoptera Enterococcus mundtii [20]
littoralis
Spodoptera litura  Enterococcus mundtii [71]
Spodoptera Weissella sp., Enterococcus sp. [72-73]
frugiperda
Sphingidae Manduca sexta Enterococcus sp. [74]
Oecophoridac ~ Hofmannophila Lactococcus lactis [75]
pseudospretella
Hesperiidae Aegiale hesperiaris Lactobacillus sp. [76]
Blattodea Rhinotermitidae Coptotermes Pilibacter termitis, Lactococcus sp., Weissella sp., Lactobacillus  [14,77-79]
formosanus sp.
Reticulitermes Lactococcus reticulitermitis [80]
speratus
Termitidae Nasutitermes Lactococcus lactis, Enterococcus faecalis [81]
arborum
Thoracotermes Lactococcus lactis, Enterococcus faecalis [81]
macrothorax
Anoplotermes Lactococcus lactis, Enterococcus faecalis [81]
pacificus
Nasutitermes Lactococcus termiticola [82]
takasagoensis
Archotermopsidae Hodotermopsis Lactococcus insecticola, Lactococcus hodotermopsidis [83]
sjostedti
Blaberidae Nauphoeta cinerea Bifidobacterium sp. [84]
Archimandrita Bifidobacterium sp. [84]
tessellata
Blaberus giganteus Bifidobacterium sp. [84]
Cryptocercidae  Cryptocercus Periweissella cryptocerci [85]
kyebangensis
Blattidae Periplaneta Limosilactobacillus fermentum, Enterococcus sp. [86]
americana
Orthoptera ~ Acrididae Locusta migratoria Weissella sp., Lactococcus sp. [87-88]
Tettigoniidae Gampsocleis Enterococcus sp. [89]
gratiosa
Anabrus simplex  Lactobacillus sp., Pediococcus sp. [90]

Pyrgomorphidae Zonocerus

variegatus

Streptococcus sp., Lactobacillus sp.
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Table 2 Main functional categories of intestinal lactic acid bacteria in insects and their research overview
Function Mechanism Representative species Host References
Digestion &  Promotion of Firm-5 growth via fructose and  Fructobacillus sp. Apis mellifera [17]
metabolism lignin metabolism
Degradation of hemicellulose and pectin via Bifidobacterium sp. Apis mellifera [13,24]
GH43/GH3 secretion
Synthesis of biotin and vitamin C Lactococcus sp. Coptotermes formosanus [14]
Fermentation of sugars from wood chewing in  Weissella sp., Coptotermes formosanus 78]
foregut Lactobacillus sp.
Correlation with hemicellulose digestibility Enterococcus sp. Oxya chinensis, [98]
Pararcyptera microptera
meridionalis,
Gastrimargus
marmoratus,
Calliptamus abbreviatus
Disease Suppression of pathogens (e.g., Bacillus cereus) Enterococcus hirae Samia ricini [19]
resistance &  via organic acids
immunity
Inhibition of gut bacteria via mundticin KS Enterococcus mundtii Spodoptera littoralis [20]
secretion
Regulation of immune-related gene expression Lactobacillus sp., Apis mellifera [17]
(e.g., antimicrobial peptides) to enhance Bifidobacterium sp.
pathogen resistance
Upregulation of vitellogenin and antimicrobial Leuconostoc Apis mellifera [25]
peptide genes (e.g., hymenoptaecin) mesenteroides
Synergistic inhibition of Paenibacillus larvae  Lactobacillus sp., Apis mellifera [99]
(AFB pathogen) Bifidobacterium sp.
Inhibition of Paenibacillus larvae and Lactiplantibacillus Apis mellifera [27]
Melissococcus plutonius plantarum,
Apilactobacillus kunkeei
Resistance to microsporidia via serine protease Pediococcus acidilactici  Apis mellifera [28]
and defensin regulation
(F4)
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Function Mechanism Representative species Host References
Inhibition of Escherichia coli, Salmonella Limosilactobacillus Apis cerana [29]
typhimurium, and Shigella flexneri reuteri
Inhibition of Flavobacterium sp. Lactobacillus helveticus, Apis cerana [30]

Limosilactobacillus reuteri
Interaction with host Toll immune pathway; Lactobacillus apis Apis cerana [31]
abundance significantly reduced by chronic bee
paralysis virus infection
Restoration of gut dysbiosis caused by Lactiplantibacillus Apis cerana [32,100]
antibiotics plantarum
Inhibition of pathogens Limosilactobacillus Periplaneta americana [86]
fermentum, Enterococcus
hirae
Enhancement of disease resistance via Pediococcus pentosaceus Tenebrio molitor [58]
modulation of gut microbiota structure and
broad-spectrum antimicrobial activity
Competitive exclusion of pathogens (e.g., Lactobacillus sp. Bombus terrestris [101]
Crithidia bombi)

Development Enhancement of larval body weight and Enterococcus hirae Samia ricini [19]

& behavior reduction of mortality
Attraction behavior modulation Lactiplantibacillus Phortica okadai [46]

argentoratensis
Support of larval development Streptococcus sanguinis ~ Musca domestica [47]
Enhancement of larval growth and feed Pediococcus pentosaceus Tenebrio molitor [58]
conversion efficiency
Promotion of larval growth and feed conversion Lactobacillus sp., Hermetia illucens [52]
efficiency Lactiplantibacillus

plantarum
Restoration of development under high-sugar  Limosilactobacillus Musca domestica [48]
diet fermentum,

Lactiplantibacillus

plantarum
Regulation of glucose homeostasis via InR Lactiplantibacillus Drosophila melanogaster [42]
downregulation plantarum
Acceleration of development via ecdysone and  Weissella Drosophila melanogaster [43]
insulin signaling modulation paramesenteroides
Induction of foraging and oviposition behaviors Lactiplantibacillus Drosophila melanogaster [44]
via volatile compounds plantarum
Improvement of offspring survival via Wnt/ Lactobacillus melliventris Bombus terrestris [35]
mTOR signaling regulation
Enhancement of long-term memory via Lactobacillus apis Bombus sp. [102]
dopamine and cAMP pathways

Detoxification Mitigation of pesticide stress via regulation of  Pediococcus acidilactici ~ Apis mellifera [28]
antioxidant genes (e.g., GPx-like 2, catalase)

Reduction of pesticide absorption via physical  Lacticaseibacillus Drosophila melanogaster [45]
adsorption (e.g., chlorpyrifos) rhamnosus

Detoxification of pesticides (e.g., chlorpyrifos) Lactobacillus sp. Apis mellifera [103]
via binding

Reduction of pesticide cytotoxicity via cell-free Pediococcus pentosaceus —Apis mellifera [104]
supernatant

Enhancement of insecticide resistance via CncC Enterococcus Bactrocera dorsalis [55]
pathway activation (P450s/GSTs) casseliflavus,

Lactococcus lactis
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2.1 GHILSRBE

B M 38 LR TR R A 3 03 R R O 4 T
B Z AL M 6, AT P Bl A
HELLRI T 4 RS (AT A 2R T )M, il &
WfE ETERE SRR, TR ORI Y
g FAERR R . TRV 7 i 1 v R LT
p s E PR RO R, MO A SithE,
AR 7= 340 ] A 1 2 0 g v R 0 TR R
Firm-5 WA, DA [R] 42 18 9 A 35 10 8 5 IR
R R i DS I Ah , Zheng 2R3V ik X 88 i
7 T TR R 2 S IR 2 B g 1 R R L 1 0 A e B
T T P9 U FT B8 2 21 41 4k 28 AR i 1 2225y
fifp B 22— o X W g T DU AT TR R B SR 4 S
TR o Wit — 2P 4 s L BAT — AN DU B A
KRG RS . — 7, AR TR PR i H AT B
7K fi# i} (glycoside hydrolases, GH) 43, GH3 LA [%
fRR Z MM, D1 — 7, AR B TR SR LA
H 30 A b i oBE 5L K i B (n GH77. GH144
85y, JLIn] X A oK AL A A B I e
RS B BE 72, X 8 3L A 7 3 TR 4 4%
MraBa, 4T H AT W 2T IC o AN ZLAT IR B
AR FEE S 5 R AR A BB & S
Ling ZFPSEXT 4 Ff st ol i) i 18 TR A E 5 T AL BE
AT AR HT B 2 8, BBk R & 0 F R 5 4
BRZMHARE R FEAMEC, HE5RF4ERM
HAR R IEAG, # oA REEEA G BT
BRZMIEE. Flan, MNEMEILAW7IE S E
FIFLERT X1 RPRBEUE 7 E W 2R (e K By)FI
R C, NEWYSR A B OCHE 57
#hael
22 IMRERE
221 HIREE

LR A Ay B HHCAE 9 B Gk A e A
BB L, FEE B B SE G HE R
G2 ML AR . 200 R B FL I fig
b 53 AT TS BT TR ) 0T o 2 0 g 1 P TR T T
AAVRANFLR . CRAPER)., S8R, &

B B R RER S NS 2 RS
XL oy He R VE R, X 4R 8 VD B [C B (Serratia
marcescens). 77 v B0 K W (Klebsiella
aerogenes) V0 '] [ B (Salmonella enterica) =5
R LR SR B I O P A BRR AR i
R4 0 0 S /N I BR TR (Enterococcus hirae)
SX2 Xt Z Fh g JEL A 4 i AR 2 96 T 18 (Bacillus
cereus) . 41O BRI (Staphylococcus aureus)
1538 AR T B (Proteus vulgaris) ELA PR AN ] 15
PRI R TR AT A Al HUA R O R T
RN [ R, o B O B R R BR
(Pediococcus pentosaceus) NMUEA | RSN E
R O 7 BT BUNAER £ 7B 1= B A e o S ek I T
R LA PR RE PN M R MR AR
U TR TR (1% F B — B I RS 1 M 1 g v
P A 3G A TR 52 I T BR A a4 o 40 T R
mundticin KS FA RN AN, 4EF51E
R, X BEORYT 718 3, Wk 17X
H B s R340, Ry sl oy B
PR [ 25 W FL AT 1 (Limosilactobacillus reuteri)
LP4 TE ARSI X K 5 35 A [ B (Escherichia coli).
a0 1] B & (Salmonella typhimurium) F1 3 FG &5
[ (Shigella flexneri) 532 80 H A 0 il /6 FH P
I YN R W 38 v e IR AR TR LA T B 22 o i K T
3SR IS 22 R I B A T TS A AR CR
v /N i P B R 0 R R O ek B 20, TR
JUAEDOVE A 5 %6 e KR B 9 v ) HEORS T 0
OB 12 BRPR, IR SETRIAH H KMD1
5 LPD2 NEFT & (Flavobacterium)EURE , 1M
PANEEE a7 WG S o R B
(Lactobacillus helveticus) F1 % HH ¢ [ G ZL AT 1#
FEARSMA T b B X 3R B0 AT 1R 1Y
THIRE T o DAVE Ty 2t iy 3 vh 43 25 () A ) LA
FF R B 3 TG % 1% FL A TR (Apilactobacillus
kunkeei) . 58 %% A7 240 ) 32 Wy B R e
(American foul-brood, AFB) 1% J5i B8 4] HU 2 25 1
¥F B (Paenibacillus larvae) #1 KK 1 4h 1 & R %
(European foul-brood, EFB) 14 Ji 7] 5 1 F2 28 1%

http://journals.im.ac.cn/actamicrocn



2082

ZENG Tairu et al. | Acta Microbiologica Sinica, 2026, 66(5)

BR i (Melissococcus plutonius)?", Forsgren 2%
SR 5 T 11 FhFLIR T (FLAT T ASUB AT T
J&), BRI FH A S L R TR 0] &) HUS 2 AT TR Y
T BCORAFAE 22 5, (EIR A (0 FH I ] S0 58 4=
P, 4y UG Gl — 2 UE S AR R R
Pz FLIR T 20 5 RE 0 35 [ 1K 55 U &) H )i B0 &
WG, LA, Blasco-Lavilla 25101 % 3 A i Rk e
P A 3 BB W U I SR (Crithidia bombi) )5, Mo fiH
FUAT T8 B B, B R A R ST T RS A
PEFE PR R A B A8 . X — G 3
SeHERRBRUL, BIVELIR e AT REaE ok o 4 A 2 AN
T S TR TR AT s e A R B
222 PFTREBENE

LR T B3 400 o SRR A, o AT 3 ok
T R HRARURE I 2 s i Pt . Martinson S
I 18 2 A U i T TRTRE R FLAT R (2 242 Firm-
4 1 Firm-5) FOBUSAT 18 8 BE 9% V8142 i S ie At
CHE D AN IR G A B PR R e 3k, AT 1S s 1
FXFHG EARAYFEIT J1 . Peghaire 2528 w3,
12 i BR 1 (Pediococcus acidilactici) W] i 13 ¥ #2522
% IR 5 1 B 40 (serine protease 40). [jj fHl &
(defensin) AHOCHE R R I8, FEAS el AR 17 18 T Hf
SEA AR DT e [R5 5 P %8 B X 2R S M T
il ¥ B (Nosema ceranae) J&& e F1 4 24 Q11 1€ H 12
(thiamethoxam) . W i B i (boscalid) Mr 38 1) &2 &
itk . Huang 252338 iz JEOIR W 52 BR B TBE-8
PR BE 5 b A PG e 0 PR T R BE PR 3Rk
(hymenoptaecin F1 apidaecin 73 5l b 5 17 £% F
7 A%, TR HEE FRAE SR R I Rak, M ER
I 1 (jelly protein 1)F15[ & £ [ )5 (vitellogenin)
SRR 1400 F5 1 20 %, HLIX R BETE B iE
WREEMED S5d, BB RGN RT.
o i SRR Y T R A e g 1 LR TR Y R AT
5. ZRJ7E RS VRN TS, Toll il
BEOE , BUE IKIE A defensin I hymenoptaecin
KEREFELM, BZOWHEEATF
(Lactobacillus apis) = J& B35 A%, R T 5E-
i - Y = H M E AR EAE L RPY,
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ULl , W L R B 7 4 T T B R RS AR
ANFUE T A S EEAE o R 2D R
TE 7Ry W 2 DU B 38 Ak L2 IR T i 1 LR
BV, SEChREZS G . LR
FIVER 1) 6 14 5 S g S R ek i af], fe X
GG T A ey 2.4-3.1 d; T AN FE Al W FLAE AT
PR AT 5 I PR R 2 A L AR THUE Ry Tl TR AT Toll
RN, KAL) 2.4-2.8 d.
23 KESRH
23.1 EHERHRLXE

L o 1 3 LR B 1T o R v e AR R
BN ER | R AR DGR PN A WA 3l AR 2 iR
B, XiE ENAEREE A EENREHEER .
B4, W5 DB JRR A0 B /N B BR T SX2 3% T
TN EiRLR b AR A% I 2 4R v &)y e AR R
TR R, SR EDRGE, TR
YL SRR p S IR g FLIR A T I S 4R T
A rebERE, IRk 3 PR AR AT IE L4
FUAF B L7 A LA LS, Hh iRty
FURIFF I L8 U4 A it i | fRlkHE (b R FHL R
F 7 B0 B2 29 1 4 v 9.43%. 13.60% 11
17.63%. [FIFEHE, B B0k Ha Py 5 R B0 2K pE
W EERGE , AR ST 7 4l U iE 2
S B O T 9 TR 5 A (i FLAT TR H B DL 35 T
B, (R0 20 4 Hk BT T A% Aot [ 35 %o
WRLH GG 2 1.5 ], H MR s dOPE R i 24%
T2 56%, SLELBAAEH RPN, BLAl, Zurek
SR T S W A MR IE H R OB TR 2
BRE, Hodok A koo il R A KRR B
FT EREWAIR, LU AEBR w1 F
R TR R B e & B S RiRe ). (HABEER
&, FLRRH L BE LA RAR A A 1Y T T R
O IRE T B W 4l U T RS (LA R
FHEETRE. BITCHE L R IFE R A TR
2%, I 7O 8 4 B A TR A & B R R AT IR
VR ) UABL AT TR P A R 1 A O I 3 s
KABW, 752 HE S b LR B AR 4
WA B R 1 B R T, EREEY
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A A W FLAEAT I FY 1 0] f AR i e i 9
(prothoracicotropic hormone, PTTH)3& A 32 1A 5 14
AT I T 1 B % 2 32 /K (insulin receptor, InR)
PR, DA S e BB AR A, IR DA B 22 il L Y
KA BRI 30 d 4% 2 10.7 d, I HIZ R bk iE
e s AL . 2R AR E— A5 & i R
w18 b R B B CR B B IS T (Weissella
paramesenteroides)il it W EEHLTI 2 2E 15 F4E
KAE: — 7 LR 3 (ecdysone) 5 i
AR FE F (dib. E74B R PTTH)Yi5, B —J5
TR PR A1 188 5 2R A5 S5l i (98 DILP2/DILP3 .
N InR), TR 46 A kB WOE R R A K
232 IFERHITA

EL 1 i 18 LR e o P - M - i %) I J]
E, ATREEmMERWEE . REET A, A
HARN 5 P R e e S IR AR . R
AU TR ) LR T R S TR 1 TR
UIAT ¥ EA WS AEAERT, JF Hoh 2-3 Fhis
A=Y LR A TRE LB — T ) R A
197571385 71, 2 B TR SR s 7 B 2 A B sk 4 v
A RE S ] TR Y AR RO AR B, e
iy 18 % 1 AT R AT LA o 52 2 Y s R A R G
B, X ER WotWHFL S Y AR R E G
(mammalian target of rapamycin, mTOR){%%ﬁ%
HEATRCE PR, FH ARG R T & 2.5 4%,
JEHR R TR VT AERCE 10%, EIEIES T a4
PR B S AT IR AR Y, B
— 0 R IR R e Jlgy 1 A TR e LAY T a7 -
13- 0> SN I DI RE 5 12 T30 3 e 1 g 1 4 e
JE K-, TGS i 2 L Sz AR Gk | ek
2 B A O 2 L cAMP {5 Sl i, W
R HICIZRE Sy, W UEY T ORI AR
M TR o IEAl, X SRR SR b g Y B AR
PRI L AR T A A (0, 1] R R ) 52 i L 8%
ATy, A BT AR R SR AT R 1 R
EHTE L Glbi s

24 fRE
24.1 KRPHLEEHEHEUEY

5 B HOR XS A2 3l i 3% LA o,
FLIR I & ¥ CHE R A FE DI RE , nlad g 2 AL
il B3 By i R AR ) A A R A 2 1) B
G QA O O N S L N |
(Lacticaseibacillus rhamnosus) GG 18 i H: 21 Jifg ¥
B 22 W% [ 7 5E B (chlorpyrifos), 1 AR AR 8 i 4k
2y, IR IR AR AR T R R AR RN
FR A= ] A PR, T B SR RS R T IR 52
FEFAIZ A W] P PR AR, I
MR, Leska S5 iRGE , 7 7 4 e R
LR TR 1) 175 T 20 0 ) v R4 A R AL . T
(coumaphos) FI it HL Wk (imidacloprid), i & 45 &
IR 64%, UK e A 240 B R K L B
Y an e i An i B PE A AL FEE . AL, FLRR A
A Wy (R 20 i 3 80 IR A B AT DR Eh e
WS HE 7 BRTA 1471 TRIPR 09 TS AN B 1 M RE A5
MERERE XS Caco-2 ZHMIAYFEVERENR 19.32%, X%
WL BT 11 RE T A 20 06 L A1) Joi ok o A il 22 i
A HU i fe 1Y
242 PEEEESHNBSEREML

LR T A W P e R A A T A R R R A 2R
ik, kA s L HO R HOR BB, X —HL
FE 22 L B P AR B BRI . A /NS ) i 1 L R
PR QH AT B K T RN LR LR TR 8 1B CneC {5
Sl (R AU 5 IELE Y Nef2 [ IR O PR
fiE %), 4N (2 P450 (cytochrome P450,
CYP) fil 5 Mt H Ak -S- ¥ # B (glutathione S-
transferase, GST) %5 JC £ fiff 5 W 75 PE, AT i 3%
WS B-5 34 16 (B-cypermethrin) A HTHER
JEADhHL, R TR A T B T 2 fifk e E I INE P 1
JR B TR, AT AR HAE TR, i hE
PR B H I ALY IR 2 (GPx-like 2) Mot
SEU A S S A G B L DR Y R AR K O, RADsER
RAG R E AL
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3 R IR BN

3.1 HREHR

FEGEUR B Al Ak FH L o L R R e R
2 Em N A, RERTAE A £ A TR PR R 5 R R
RN/ = Y i (2 95 N i i s /(1B (L) L2 £ SN
o REAE Ay B TRk 0 2 RG] 422 ek 3 1 e
B AR RO o fE R AR R IT A T, Rl
I 1 2 TR AP REUR A o B A0 B R A RN
BREA SX2 fig i & e 15 AR KOF 4R M 275 2
TF R X a5 AL T TGS B R AR & ek, F
e 22 Pl SR BT AR R Z A AR A A R A
FEW, ZRMTER SR R R Kk
)RR S A B E A Y G, AR MEL
iz i1, Garofalo %! I7E T 85 £ 1 RS Hep= i (i
ZR ORI EE gy HO) PRSI 2 AT e AT 7 A 2
WHAE R T T R I R SR A . TR
LU, B AR B U G ok 2 O T
PN, WTE S KW (Sparus aurata) 7 A5 &
B, Y R O Aok e, fa A
K re5 Ml N IR VE BRI [ (Weissella confusa)
SR R ARG R R S AR O X R I R
TREAGREE T A B, A LR e
WATREAE A <t AW A IE , P8 H
R, MmsE—2 ek Tk mAERKmER .
X S IR B R IR B 25 T A A B AR T
B R
3.2 FdHpria

E M 17 1 LR TR T T s B b R B
Z N R T o — 22U s A ™= 4 ml
T 18G5 AOR WK I BR R (Oenococcus
oeni) 1% i Droskidrink® )5, H &4
M4 R Y T E R TR B R
(Drosophila suzukii) {75 50C% T FLER A
FEE B R HEN "), Daisley 25 I8 Fl 7
T IFAE Y FUAEAT B2 BRSNS A A BT
3 42 BEE M (chlorpyrifos-oxon, CPO), TMARKHE
7Y = M ER (3, 5,6-trichloro-2-pyridinol, TCP),
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FFAETO R R R0 ST, S 2 R
ICfE RAEFILM RIS WA R, fEAFRE
Hi R(sterile insect technique, SIT)H %075 & FLERFL
BRA A 25 A TR OB AT I 3 O SE Hb o T S A
(Ceratitis capitata) /N6 HEH P AEBURE, REH
HOPIfR . RATRE ) B SE S 1, B
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X 7N R i P A1 o) A5CR A TR — Ab [
sy B il 2L R R P AR BB I 5 | I A R R
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3.3 RIEFMSEZUSEIHEIE
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