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Scheme 1 Insect pheromones (color online).
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Scheme 2 Representative ester-derived compounds (color online).
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Figure 1 Response of Trichogramma brassicae parasitic wasps to
signals of its host, the large cabbage-white butterfly Pieris brassicae
[46]. (a) Time spent by wasps in two odour fields in a static
olfactometer, 50 wasps tested per combination; (b) proportion (%) of
first mounts by 7. brassicae wasps on adult butterflies. 40 wasps tested
per combination. * indicates significant differences within the choice
test; NS indicates not significant (color online).
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Scheme 3 Representative alkene-derived compounds (color online).
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K, HHECVATR T I (R 2 B8 K, ARy —Fp KR4t
e Y8 2 SR A S TS, 20104F, ShikichiZE Y 4 A T
(11Z, 192)-CH503, A& ¥L(3S,11Z,192)-CH503 & H 44
WS, T(3R,11Z,192)-CH503{E 24 B A& T RAR
M EYEYE. BEJE, A1 4201245 4 T CH503
M ReAMN LR T, FEHE T RRIICHS03 2
(3R,117,192)-CH503. 2013%F, Shikichi%!'” X i T
CHS503_E [ de LT Ry BU RN 4 ek ¥y 8 B s 1 C-11H0
C-19 | [P AN XUStR A FL AR 03 1 i 0 75 11

224 HBGHLEY

20084F, SchulzZ8 “h@id LT« 47 AL
35 UA S bric A ) i JE 2R AR S BG SRIT 8 41 Al
FIEERARG. RIS RIS A B4 AR AE
W, FERERMEAEYE 81 ((E)-B-ocimene) Fl—
A Y20 LA R LRI C- 16 R C-18 18 175 e s 2E RS ) 4%
RAERAR I HE B R O = Bl 4a). X W) i 2 18 B
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o My

Me’ Me 0 N_+.0

X
(E)-B-ocimene (o) - o

(Z)-3-dodeceny! acetate Thiamethoxam

AEE 4 (2) BRRLEY; (b) HALEY; (o) B
Scheme 4 (a) Monoterpenoid compound; (b) other compounds; (c)
insecticide.

AP R B W) LR P2 AR ), AR RS Rk #E 3%
e i, SCIREE R IR, AREYERGT O AT R REYE
B, EE 2 REGE LR ER, 2 1R,
B T # A &P (E)-B-ocimene,  HEVE H X
Y25 BRI, et & Y)(E)-B-ocimene & —
PhAmPEARER. T B AL bt b, P AN ) AN
— 3, W B3 TR 51, ToEERG, K
T 2 DA B 28 B TU(E)-P-ocimene, DA Z& 1k R 4 ]
AHIE.

20214F, Schulz% i — 15 IR NBF 76 2045 b An
HETE,  KI(E)-B-ocimene & —FhE I HIAE 7 Ik
4y, HHAE(E)-B-ocimene 71E T F W5 R b 2 R4 T
A, AL RORE HAE NI AR R . S G B B
FER RN Re o A, 4808 AN 00 i A 5 Rl
WAL, IR T LT AR A Z 1 BE 5 5 B (E)-B-oci-

mene.
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19694, Happ " fEHF 5t 5 ¥ Ht Tenebrio molitor L.
IRF, AR 12 TR H 2 R T P R S B R R A IR
=, HA b G YAR — R 51 REE R, &)
B & — Bl b 22 O J5 BV = AR B E AR, B
Al A XS I AP D O, AT 9 5553 I A X [ e e 1
(IR 5] 77. 19864, TanakaZ:'“M4#¥; th Tenebrio mo-
litor L. MWEPERIPES] 55 AR E A4 HE-1- B (4-
methyl-l-nonanol) (775 Kl4b). 19894F, Tanaka%s'*'ff
SE T RIRGI 5 4- H -1 ERE IR SRR B4R, 2005
4, ChambersZ /3 BRI 52 1 T PRSI IN(5 H 26
JLSTARR AL, ik BRSSO A 2 A A
RS ME M B FE O SR AR DR AR B, T FH e SR
PR HGC-MSHEAT /0 #r. farill B — MR G i &
W), %5 N(Z)-3- Wi Fk LRI ((2)-3-dodeceny] acetate,
DAc) (7= El4b). HEVERIMENES B R AAE RG] 1

St HA W EER. (B2 B AN IE, B8R 7 5 %5 5E
HOb RIS 251,

19854F, Kukuk™ @it BF 422 54 H bk 16 Lasio-
glossum zephyrum KL T —NILG: R ASECHIHEPE 20
5| 5 2 (P IEME R AL, B2 — B ACHEL IS, W 5] e i 4
TIRIRD, DR AT 0 HE I A2 O B A 1 o A 3 20 M 1
FAUN AR R AE Pk g de— R —F . B
AT ARG e — DR ST T axX ANEN, (H2 Hajik &
BEZ) B U Z MR R 045 H. King5 ™l 47
SITEWE AT T 9N A AR W WU 1 /N % Spalangia  end-
ius, FEHEHATHECE FIMETE BRG] T2 T VAR R
fiph B A B s B R T BUME (S R I HEN, (HEH AT
ARG R P IEAR R P G M #R IR R 7R

20104F, Harraca!*VZEHF 784 H IR 45 5L
Cimex lectulariust 9 /= B F P 2 B 25 7= A s 6k
FORTHLFMEEYE, HTREYER—RK—EHE. [
FE, 1ZIMPER R IC A 1 4544,

2.2.6 HMEMALEYI T

A — L HNJE A 5T b T DU 3 R R RS Y H
(). SET BB 2 BRI A 2 T E AR 52 A 7R % ER
A, B AEARIR B I A DA it B B s s . B
SRR B AT DU I PR O 82 % & ARG 1 Re i
S P R 2 () A B RE /7. 20224F, StraubZe 7RG T —
Tl BRI 2R BRI — g s (thiamethoxam), L2345
FEWENICHCAT N, L BT OR & El4c). @it
B HNSES A HN, R AR ME R R I B A B AT
EENED =y 2 —, T HIR D T e AT BOR S
B, &R T HESREIER. Aol b, DT e
AHFITZ PR, TR ZAR T R EE B ARsh )
ITEE R P FEVE FH, AfTSER 1 A 25 P4l

3 AR AR A LRI

FE IR AR B ZO0S B ER ) 5 7 R B B R R AR
L AEREN 2 TR A, —BUCRIRIE LD
R E204E K, KT BRI HLEIAG RO ik
J&, BATZEFITE, 35 R MERIVEAS B3RS o 2 K 1
2270 (orn) AL IR SRR R R, S — N Rk
& B FHUI 1 45 Hg 2R 0 2 BE R 9 R 2 T20004E0 Y,
Zr U7 (bombykol) A MEPERE T H R I PEAS B3R, AR
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Sandler® "V 5t T ZR kB AE FHBLAI(12). AT
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NS HEHES T R (E2a). PBPZR I 7 o5 45 711 Lk
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B EIR R . RAEMEM R 5 Ser56 155 K A
i, O-OfEFE5°82.8 A, % 5y 1 AL 40 XU 4 Phe 1281
Phel 18J&7EH 8], 75 ¥ -PAT T Gl o 7P, FEE L
4.8 A (E2b). HHARRIRE S E W E2c s, Aok 45
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W MR FE60~69IE 1T I E G, HLAME K BlpH 2 52
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T R I R T TS A DR DR G
BE.

BRI A L N R a7
220 AR ph 2 T AR R IE AU, A2 T S,
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FHEE TC IR I (SNMPYE A — Rl B 244, 35 B &
MOBPHURE, Ik 1 H BRRAS AR S pHAR AL Sk 175
FOBPH I G ARk, B Bl 5 1 i -25 A AR
HAERTNER). WS, 52 ARSNMP FRSE IS
HEALE B 5E 2 /K(0r/Orco) B AL i . Orcos 5
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Bl 2 (a) [5ER4AEAPBPs) I =4EME; (b) BRIGEEA
hRIEE 545G R AP RIERIAE NS S E, (o) WIREE
5PBPE [ 45 &0 5K (d) ZRERmE ) fb i (M4
R

Figure 2 (a) Three-dimensional view of pheromone binding protein
(PBPs); (b) the binding position of silkworm moth alcohol (bombykol)
to amino acid residues in the binding protein in the bat model; (c) a
close-up view of the binding of bombykol to PBP protein; (d) the
chemical structure of bombykol [71] (color online).
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Figure 3 The pheromone system of Drosophila melanogaster [79].
(a) A male who is courting a female; (b) the olfactory system is located
in the third antennal segment; (c) it is composed of three different types
of sensory organs; (d) hairy receptors are the detection site of
pheromones (color online).

Phe64

&R E)
Figure 4 (a) LUSH banded chart; (b) the structure of LUSH-ethanol
binding bag [82] (color online).
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GEOTIMRES, M INEOr67d 52 44 s Al 953 (1415).
Xof T fih £y S5 P B2 2 2R A (SRR AN R T2 RIA
SNMP2, T 5 etk e g b, & A
Al BB A N IR R EUIR -5 (1 38k S 5 4R i i
ANBVE RSO M SNMP2 1] DL L35 LB A o5 B
FAVSIR I PE T2, WS 2% Ik B IR i PR
W17 ik N S ER 40 I BROBP 45 & <R W I K A% 36 3
SNMP2, J5/-FOBPECAAEAL A 5OBPE & it N

SNMP1 OR
[iE3

B 5 RS TRk R dUE B R S P2 U SNMP AT R
2 TESNMP2IE PR (192 R 1))

Figure 5 Models of SNMP1 and non-neuronal SNMP2 activity of
insect pheromone sensory neurons in Drosophila and moth [90] (color
online).
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Figure 6 Schematic diagram of the structure of the Or67d locus in the
wild-type (Or67d) and GAL4 insertion (Or67dGAL4) alleles [92] (color
online).
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Figure 7 cVA induces two independent behaviors, aggregation and
inhibition of courtship in male flies [31] (color online).

MR TR AR, AT S8 4 B A B SR AT 9. H
S CEERIRMAEREGER. MBEEER, &
filfs B & AR RMIMEAER R, A 3 24
AR, R EEREE R RN S ML
Y%E, Wﬁ%iﬂ%‘?i%%?&ﬁﬁ%ﬂﬁﬁﬁ
AR T KR REEE, it B s BT AN AS B s 4
TG BAHIEATRETE, A RT T A B 5 e A,
A AT FL I A R 2, IR R T
RAFAEE R Hal R EERERE . B E R
i3] H B . [FR, TR R GRAL . ARk
WE. A Thee. VEFIHLELSE )5 i i R I RS
Fe. AN, FMPEAE AE AL RN 5 T O 8BS —
SE . IX PN i S R SRS, 5 A% e i o BORIAH
b, LG, HXTHBE AL, 2 BRI R
N FE I — PP RO, — S NS B R 1)
FARNKIFAE T30 2% 0] 7 D2 3 Je,  HoAth S
TSR AL T 055 H AT R 2 ARSI = AP B, 1
RIERFENEF= R A,

IR SRR R L S5 M, R B R
N EFIE BRI, FERZEBINER, W
HARUU A ThRg. Rk, #E—Dnse 4w
PEER 2 AR RNAIE 7T, e o /N 43 - R A A AL,
BRI AR R AT LB, BRI AR R R 4]
WA AR, A B TR AT A2 22 Fh B B AT
(38 FH B R AR R, T FH TR) SI2 B B FH T AT (09 2R 0 B) ¥
Jiik, WERP A EENAESEE . MEMHE
G\ R IR IE, B ERIIPERRE R A7 5%k
SRR,



REFR: b 2023 0 53 % B3 M

e =P

1

B e Y A

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Cai WZ, Pang XF, Hua BZ, Liang GW, Song DL. General Entomology (in Chinese). Bejing: China Agricultural University Press, 2011 [EJi &,
PEME®, FEORAT, T3, ARAE. By, Jbat: s ERAL R Rk, 2011]

Chen Y, Ma CS. Acta Ecol Sin, 2010, 30: 21592172 (in Chinese) [[%:3i, & ¥ 4. 4223k, 2010, 30: 2159-2172]

Azevedo JL, Maccheroni Jr. W, Pereira JO, de Aratjo WL. Electro J Biotechn, 2000, 3: 15-16

Howarth FG. Annu Rev Entomol, 1991, 36: 485-509

Newsom LD. Bull Entomol Soc Am, 1980, 26: 369-374

Kogan M. Annu Rev Entomol, 1998, 43: 243-270

Metcalf RL. The ecology of insecticides and the chemical control of insects. In: Kogan M, Ed. Ecological Theory and Integrated Pest
Management Practices. New York: Wiley, 1986. 251-297

Rao L, Qian MH, Xia B, Qin CS, Xu JZ. Chin J Entomol, 2011, 48: 1843—1849 (in Chinese) [/, B B, Bk, KA, 14t M R
%, 2011, 48: 1843-1849]

Krebs JR, Davies NB. Aust J Ecol, 1979, 4: 441-444

Everaerts C, Cazalé-Debat L, Louis A, Pereira E, Farine JP, Cobb M, Ferveur JF. PeerJ, 2018, 6: €5585

Deisig N, Dupuy F, Anton S, Renou M. Insects, 2014, 5: 399-422

Ando T, Yamamoto M. J Pestic Sci, 2020, 45: 191-205

Bethe A. Naturwissenschaften, 1932, 20: 177-181

Butenandt A. Z Naturforschg, 1959, 14: 283

Karlson P, Liischer M. Nature, 1959, 183: 55-56

Schlyter F, Jaku$ R, Han FZ, Ma JH, Kalinova B, Mezei P, Sun JH, Ujhelyiova L, Zhang QH. J Chem Ecol, 2015, 41: 678-688

Yew JY, Chung H. Prog Lipid Res, 2015, 59: 88—105

Wyatt TD. Curr Biol, 2017, 27: R739-R743

Zhu YX, Wu YW, Guo GZ, Tan ZX, Lin GQ, Zhou WS. Sci Bull, 1981, 26: 1073-1077 (in Chinese) [4< T 5, S 70, 30/, 4, MR E 55,
43t B2k, 1981, 26: 1073-1077]

Zhong TS, Wang XQ, Lin GQ. Acta Chim Sinica, 1982, 9: 856-860 (in Chinese) [f [F]4:, FJRiR, MRE . 1b22244], 1982, 9: 856-860]
Zhou WS, Cheng JF, Lin GQ. Acta Chim Sinica, 1988, 46: 274-280 (in Chinese) [ 4k, F27s &, MEE. {22917, 1988, 46: 274-280]
Happ GM. Nature, 1969, 222: 180-181

Gilbert LE. Science, 1976, 193: 419—420

Kukuk P. Science, 1985, 227: 656-657

Jallon JM, Antony C, Benamar O. C R Acad Sci Paris, 1981, 292: 1147-1149

Krueger S, Moritz G, Lindemann P, Radisch D, Tschuch G. J Chem Ecol, 2016, 42: 294-299

Zawistowski S, Richmond RC. J Insect Physiol, 1986, 32: 189-192

Malouines C. Biol Rev, 2016, 92: 1570-1581

Butterworth FM. Science, 1969, 163: 1356-1357

Brieger G, Butterworth FM. Science, 1970, 167: 1262

Mehren JE. Curr Biol, 2007, 17: R240-R242

Andersson J, Borg-Karlson AK, Wiklund C. Proc R Soc Lond B, 2000, 267: 1271-1275

Andersson J, Borg-Karlson AK, Wiklund C. J Chem Ecol, 2003, 29: 1489-1499

Chao TH, Gheta A, Ehrman L. Inf Serv, 2001, 84: 50-54

Chao TH, Ehrman L, Permaul A, Vincent R, Sattaur L, Brandt D. J Chem Ecol, 2010, 36: 933-942

Brent CS, Byers JA. Anim Behav, 2011, 82: 937-943

Brent CS. Ann Entomol Soc Am, 2010, 103: 300-306

Brent CS, Byers JA, Levi-Zada A. eLife, 2017, 6: ¢24063

513


https://doi.org/10.1146/annurev.en.36.010191.002413
https://doi.org/10.1093/besa/26.3.369
https://doi.org/10.1146/annurev.ento.43.1.243
https://doi.org/10.7717/peerj.5585
https://doi.org/10.3390/insects5020399
https://doi.org/10.1584/jpestics.D20-046
https://doi.org/10.1007/BF01504737
https://doi.org/10.1038/183055a0
https://doi.org/10.1007/s10886-015-0594-6
https://doi.org/10.1016/j.plipres.2015.06.001
https://doi.org/10.1016/j.cub.2017.06.039
https://doi.org/10.1038/222180a0
https://doi.org/10.1126/science.935877
https://doi.org/10.1126/science.3969557
https://doi.org/10.1007/s10886-016-0685-z
https://doi.org/10.1016/0022-1910(86)90057-0
https://doi.org/10.1111/brv.12296
https://doi.org/10.1126/science.163.3873.1356
https://doi.org/10.1126/science.167.3922.1262
https://doi.org/10.1016/j.cub.2007.02.014
https://doi.org/10.1098/rspb.2000.1138
https://doi.org/10.1023/A:1024277823101
https://doi.org/10.1007/s10886-010-9838-7
https://doi.org/10.1016/j.anbehav.2011.08.010
https://doi.org/10.1603/AN09135
https://doi.org/10.7554/eLife.24063

TEVESE: B HUIPERER B2 G5 M A AL et e

39 LiB, Zhang S, Wang CR, Wang GR, Liu Y. Chin J Biol Control, 2020, 5: 637-645 (in Chinese) [Z54, ik 3%, F/R&, FH:E, X8, o EAEYY
VAR, 2020, 5: 637-645]

40 Miyakado M, Meinwald J, Gilbert LE. Experientia, 1989, 45: 1006—1008

41 Melo DJ, Borges EO, Szczerbowski D, Vidal DM, Schulz S, Zarbin PHG. Org Lett, 2022, 24: 3772-3775

42 Ferenz HJ, Seidelmann K. Physiol Entomol, 2003, 28: 11-18

43 Seidelmann K, Ferenz HJ. J Insect Physiol, 2002, 48: 991-996

44  Torto B, Obeng-Ofori D, Njagi PGN, Hassanali A, Amiani H. J Chem Ecol, 1994, 20: 1749-1762

45 Seidelmann K, Luber K, Ferenz HJ. J Chem Ecol, 2000, 26: 1897-1910

46 Fatouros NE, Huigens ME, van Loon JJA, Dicke M, Hilker M. Nature, 2005, 433: 704

47 Huigens ME, Pashalidou FG, Qian MH, Bukovinszky T, Smid HM, van Loon JJA, Dicke M, Fatouros NE. Proc Natl Acad Sci USA, 2009, 106:
820-825

48 Huigens ME, de Swart E, Mumm R. J Chem Ecol, 2011, 37: 364-367

49  Scott D. Proc Natl Acad Sci USA, 1986, 83: 8429-8433

50 Bartelt RJ, Schaner AM, Jackson LL. J Chem Ecol, 1985, 11: 1747-1756

51 Manning A. Anim Behav, 1962, 10: 384-385

52 Scott D, Jackson LL. J Insect Physiol, 1988, 34: 863-871

53 Scott D, Richmond RC, Carlson DA. Anim Behav, 1988, 36: 1164-1173

54 Antony C, Jallon JM. J Insect Physiol, 1982, 28: 873-880

55 Scott D, Jackson LL. Anim Behav, 1990, 40: 891-900

56 Siwicki KK, Riccio P, Ladewski L, Marcillac F, Dartevelle L, Cross SA, Ferveur JE. Learn Mem, 2005, 12: 636-645

57 Gibb AR, Suckling DM, Morris BD, Dawson TE, Bunn B, Comeskey D, Dymock JJ. J Chem Ecol, 2006, 32: 221-237

58 Peschke K, Metzler M. J Chem Ecol, 1982, 8: 773-783

59  Yew JY, Dreisewerd K, Luftmann H, Miithing J, Pohlentz G, Kravitz EA. Curr Biol, 2009, 19: 1245-1254

60 Mori K, Shikichi Y, Shankar S, Yew JY. Tetrahedron, 2010, 66: 7161-7168

61 Shikichi Y, Akasaka K, Tamogami S, Shankar S, Yew JY, Mori K. Tetrahedron, 2012, 68: 3750-3760

62  Shikichi Y, Shankar S, Yew JY, Mori K. Biosci Biotechnol Biochem, 2013, 77: 1931-1938

63 Schulz S, Estrada C, Yildizhan S, Boppré M, Gilbert LE. J Chem Ecol, 2007, 34: 82-93

64 Darragh K, Orteu A, Black D, Byers KJRP, Szczerbowski D, Warren 1A, Rastas P, Pinharanda A, Davey JW, Garza SF, Almeida DA, Merrill RM,
Mcmillan WO, Schulz S, Jiggins CD. PLos Biol, 2021, 19: ¢3001022

65 Tanaka Y, Honda H, Ohsawa K, Yamamoto 1. J Pestic Sci, 1986, 11: 49-55

66 Tanaka Y, Honda H, Ohsawa K, Yamamoto 1. J Pestic Sci, 1989, 14: 197-202

67 Bryning GP, Chambers J, Wakefield ME. J Chem Ecol, 2005, 31: 2721-2730

68 King BH, Dickenson RM. Ann Entomol Soc Am, 2008, 101: 229-234

69 Harraca V, Ryne C, Ignell R. BMC Biol, 2010, 8: 1-7

70 Straub L, Minnameyer A, Camenzind D, Kalbermatten I, Tosi S, Van Oystaeyen A, Wickers F, Neumann P, Strobl V. Toxicol Rep, 2022, 9: 36—
45

71 Sandler BH, Nikonova L, Leal WS, Clardy J. Chem Biol, 2000, 7: 143-151

72 Agosta WC. Chemical Communication: The Language of Pheromones. New York: Scientific American Library, 1992

73 Krieger J, Breer H. Science, 1999, 286: 720723

74 Pelosi P, Maida R. Comp Biochem Physiol Part B-Biochem Mol Biol, 1995, 111: 503-514

75 Wojtasek H, Leal WS. J Biol Chem, 1999, 274: 30950-30956

76  Steinbrecht RA. CIBA Found Symp, 1996, 200: 158—174

77 Vogt RG, Riddiford LM. Nature, 1981, 293: 161-163

78 Brito NF, Moreira MF, Melo ACA. J Insect Physiol, 2016, 95: 51-65

79 Billeter, JC, Levine JD. Front Ecol Evol, 2015, 3: 75

80 Xu PX, Atkinson R, Jones DNM, Smith DP. Neuron, 2005, 45: 193-200

514


https://doi.org/10.1007/BF01953063
https://doi.org/10.1021/acs.orglett.2c01160
https://doi.org/10.1046/j.1365-3032.2003.00318.x
https://doi.org/10.1016/S0022-1910(02)00178-6
https://doi.org/10.1007/BF02059896
https://doi.org/10.1023/A:1005500908499
https://doi.org/10.1038/433704a
https://doi.org/10.1073/pnas.0812277106
https://doi.org/10.1007/s10886-011-9935-2
https://doi.org/10.1073/pnas.83.21.8429
https://doi.org/10.1007/BF01012124
https://doi.org/10.1016/0003-3472(62)90066-0
https://doi.org/10.1016/0022-1910(88)90120-5
https://doi.org/10.1016/S0003-3472(88)80075-7
https://doi.org/10.1016/0022-1910(82)90101-9
https://doi.org/10.1016/S0003-3472(05)80991-1
https://doi.org/10.1101/lm.85605
https://doi.org/10.1007/s10886-006-9361-z
https://doi.org/10.1007/BF00988318
https://doi.org/10.1016/j.cub.2009.06.037
https://doi.org/10.1016/j.tet.2010.06.080
https://doi.org/10.1016/j.tet.2012.03.002
https://doi.org/10.1271/bbb.130383
https://doi.org/10.1007/s10886-007-9393-z
https://doi.org/10.1584/jpestics.11.49
https://doi.org/10.1584/jpestics.14.197
https://doi.org/10.1007/s10886-005-7622-x
https://doi.org/10.1603/0013-8746(2008)101[229:ABSOPM]2.0.CO;2
https://doi.org/10.1186/1741-7007-8-121
https://doi.org/10.1016/j.toxrep.2021.12.003
https://doi.org/10.1016/S1074-5521(00)00078-8
https://doi.org/10.1126/science.286.5440.720
https://doi.org/10.1016/0305-0491(95)00019-5
https://doi.org/10.1074/jbc.274.43.30950
https://doi.org/10.1038/293161a0
https://doi.org/10.1016/j.jinsphys.2016.09.008
https://doi.org/10.1016/j.neuron.2004.12.031

REFR: b 2023 0 53 % B3 M

81 Zhou JJ, Zhang GA, Huang W, Birkett MA, Field LM, Pickett JA, Pelosi P. FEBS Lett, 2004, 558: 23-26

82 Kruse SW, Zhao R, Smith DP, Jones DNM. Nat Struct Mol Biol, 2003, 10: 694-700

83 Benton R, Vannice KS, Vosshall LB. Nature, 2007, 450: 289-293

84 Jin X, Ha TS, Smith DP. Proc Natl Acad Sci USA, 2008, 105: 10996-11001

85 Li Z, Ni JD, Huang J, Montell C. PLoS Genet, 2014, 10: 1004600

86 Blankenburg S, Cassau S, Krieger J. Cell Tissue Res, 2019, 378: 485-497

87 Forstner M, Gohl T, Gondesen I, Raming K, Breer H, Krieger J. Chem Senses, 2008, 33: 291-299

88 Gu SH, Yang RN, Guo MB, Wang GR, Wu KM, Guo YY, Zhou JJ, Zhang YJ. J Insect Physiol, 2013, 59: 430443
89 Leal WS. Annu Rev Entomol, 2013, 58: 373-391

90 Cassau S, Krieger J. Cell Tissue Res, 2020, 383: 21-33

91 van der Goes van Naters W, Carlson JR. Curr Biol, 2007, 17: 606-612

92 Kurtovic A, Widmer A, Dickson BJ. Nature, 2007, 446: 542546

93 Ejima A, Smith BPC, Lucas C, van der Goes van Naters W, Miller CJ, Carlson JR, Levine JD, Griffith LC. Curr Biol, 2007, 17: 599-605
94 Tachibana SI, Touhara K, Ejima A. PLoS ONE, 2015, 10: e0135186

95 Ejima A. J Comp Physiol 4, 2015, 201: 927-932

96 Liu W, Liang X, Gong J, Yang Z, Zhang YH, Zhang JX, Rao Y. Nat Neurosci, 2011, 14: 896-902

Research advances on identification and mechanism of insect
antiaphrodisiac pheromones

Yang Wangl, Shunan Tao', Ran Hongz*, Sha-Hua Huangl*

' School of Environmental and Chemical Engineering, Shanghai Institute of Technology, Shanghai 201418, China

2 cAS Key Laboratory of Synthetic Chemistry of Natural Substances, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
Shanghai 200032, China

*Corresponding authors (email: rhong@sioc.ac.cn; shahua@sit.edu.cn)

Abstract: Chemical communication in sexual phenomenon of insects through the diverse chemical structures has a high

degree of specificity and attractive induction. As an important messenger for insect reproduction, sex pheromones can be

divided into sex pheromone to attract mating and antiaphrodisiac pheromone to inhibit mating. Antiaphrodisiac

pheromone is a class of volatile substance transferred to the female insects from the male during the mating. The

attractiveness of sexual desire by reducing mating females to other male is an important approach to naturally control

reproduction and species propagation. This article summarized several types of chemicals for the insect sexual behavior

and briefly discussed the recent advances on the mechanism of action. The mechanism of chemical communication is an

essential step of understanding the life cycle of insects, providing the scientific foundation of building a better ecological

environment through biological control.
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doi: 10.1360/SSC-2022-0216

515


https://doi.org/10.1016/S0014-5793(03)01521-7
https://doi.org/10.1038/nsb960
https://doi.org/10.1038/nature06328
https://doi.org/10.1073/pnas.0803309105
https://doi.org/10.1007/s00441-019-03066-y
https://doi.org/10.1093/chemse/bjm087
https://doi.org/10.1016/j.jinsphys.2013.02.003
https://doi.org/10.1146/annurev-ento-120811-153635
https://doi.org/10.1007/s00441-020-03336-0
https://doi.org/10.1016/j.cub.2007.02.043
https://doi.org/10.1038/nature05672
https://doi.org/10.1016/j.cub.2007.01.053
https://doi.org/10.1371/journal.pone.0135186
https://doi.org/10.1007/s00359-015-1020-9
https://doi.org/10.1038/nn.2836
https://doi.org/10.1360/SSC-2022-0216

	昆虫抑性欲素的化学结构和作用机制研究进展
	引言�
 引言�

	抑性欲素的定义 素的定义、类型�

	抑性欲素的定义�
 素的定义�

	抑性欲素的类型�
 素的类型�

	酯类化合物�
  酯类化合物�

	腈类化合物�
  腈类化合物�

	烯烃类化合物�
 烯烃类化合物�

	单萜化合物�
  单萜化合物�

	未知化合物�
  未知化合物�

	外源性化学物质�
 源性化学物质�



	抑性欲素受体的作用机制研究�
 研究�

	总结与展望 �
 望 �



