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Recent advances on lepidopterous moths sex pheromones

WEI Wei ZHAO Li-Lin SUN Jiang-Hua“™ State Key Laboratory of Integrated Management of Pest Insects
and Rodents Institute of Zoology Chinese Academy of Sciences Beijing 100080 China

Abstract Among many kinds of insect semiochemicals lepidopterous sex pheromones have been studied at
the most depth and identified from females of more than 565 species in the world. However scientists continue
to be surprised at the diversity of the chemical structures of the pheromone components and their elaborate
blending to produce species-specific communication systems which play an important role in the reproductive
isolation of sympatric insects. The studies of lepidopterous sex pheromones are related with ecology
biochemistry and genetics. In this paper we briefly reviewed and discussed the advances in moths’ sex
pheromone diversity sex pheromone molecule structure identification microcomponent function application of
synthetical sex pheromones sex pheromone product enzymes sex pheromone product regulative mechanism
and sex pheromone receipt mechanism.
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Butenandt et al. 1959 565
105
1237
38 Arm et al.
2005
75% Chilo suppressalis
10~ 18 1~2
1 Type
1 1 15 22
1 A
10 12-
E10 Z12-16 OH Butenandt et al. 1959
Phthorimaea operculella 4 7-
E4 Z7-13 OAc 4 11-

E4 77 Z10-13 OAc  Yamaoka et
al. 1990 11- Z11-16
Ald 13- Z13-18 Ald  Nesbitt et
al. 1975

3
5
2 Type 2
15% 1
B 17 -23
Ascotis selenaria cretacea 3 6 O9-
Z3 726 79-19 H 3 6 9-
epo3 76 79-19 H Ando et al. 1997
Hemerophila atrilineata 9
6- Z6 epo9-18 H 9 6
3- Z3 Z6 epa9-18 H Tan et al.
1996

2 11-
trans- Wakamura et al. 2002

1 C

Scoliopteryx libatrix 76

Mel321 H Subchev and Jurenka 2001

Lymaniria dispar

Me2 epo7-18 H Bierl et al.

1970 Holomelina aurantiaca

Me2-17 H Roelofs and Cardé

GC-MS
al. 1998
10 ~ 100 ng
GC-EAD

Type 1
dimethyl disulfide DMDS

DMDS

GC-MS
1999

DMDS

Type 2

-GC
Pu et al. 1999

MS

GC-MS

1971

Huang et

GC-MS

MTAD
McElfresh and Milar

HPLC
LC-
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(A) KK Type 1
IRF} Bombycidae

oH
NS\ E10, Z12-16:0H
K& Bombyx mori /\/\/\/\/\/

bombykol

FWF} Gelechiidae
A, NAINAAANNA T AAZNAANANN
Phthorimaea operculella — — —

E4,Z7-13:0Ac E4,Z7,710-13:0Ac
HRRF Tortricidae
OAc
VAVA Y AVAVA VAN, Z11-14:0Ac
Adoxophyes honmai 0Ac
79-14:0Ac N= NN
YRR F} Pyralidae ”
—4piE /\/\_=/\/\/\/\/\T
Chilo suppressalis 711-16:A1d 0 713-18:Ald
: /\/\_/VV\/\/WH
0
(B) 34342 Type 2
RigE} Geometridae
981 FUHR - - -
Ascotis selenariia 23,76,79-19:H epo3, 26,79-19:H

LN /\/\/;\/LA\/\/\/\/ 0
Me h. trilineat
enopira atriineata 76, epo9-18:H \/-_:\/:_\/L—\/\/\/\/

73,76, epo9-18:H

(C) HAbFHY Others
ARE Noctuidae

RH R /\/\/=\/\/\*/\/\/\/ 76,Mel13-21:H
Scoliopteryx libatrix

FiZAl Lymantriidae 0

FEEIR Y\/\/‘\/\/\/\/\/ Me2, epo7-18
Lymantria dispar d

isparlure
ITERAL Arctiidae

Me2-17:H
Hobmelina aurantiaca Y\/\/\/\/\N\/

1
Fig. 1 Representative lepidopteran pheromones and their abbreviations
A 1 B 2
C A Type 1 components with a terminal functional group

B Type 2 components without a terminal functional group and C Others with a methyl-branched chain.

electroantennogram EAG

GC
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Hummel and Miller 1984

epo3 Z6 Z9-19 H

GC FID
GC-MS  GC-EAD
8
3
Inomata et al. 2000
4
Type 1
disruptant
Noguchi
1999
Adoxophyes orana
Z5-E7-12 OH
Z5-E7-12 OAc Z5-E7-12 OPr
2003
Z5-E7-12 Ald
GC-EAD Z5-E7-12 Ald
2003
Type 2

Z3 epo6 Z9-19 H 73 76

epo9-19 H

Witjaksono et al.

1999 Ohtani et al.

2001
5
Type 1 2 A
Thysanoplusia intermixta 1
2 3 B-
4
Ono
et al. 2002 3
Z- A1
A1l
Trichoplusia ni Knippl
et al. 1998 Moto et al. 2004
E - Z -
2006
9 6- 76 epo9-
18 H 9 6 3- Z3 76
epo9-18 H 1:10 Tan et al .

1996

Wei et al. 2004
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(A) {A11-unsaturation { reduction|

16:Acyl — > Z11-16Acyl — ~ — Z11-16:0Ac
| acetylation

f Z9-14:Acyl —> —

Acety-CoA  (p-oxidation]

L J
Z7-12:Acyl — > —*

(B) Z29,212,215-18:Acid
Linolenic acid

.............. N

\elongation l | decarboxylation {epoxidation |

Z11,.218.217-20:Acy  —> |2326.28-19:H| ——> | epoxydiene

i_"r‘é-d‘ﬁ‘(;{i‘c;h‘ 73,26,29-20:H| ——
L 3

713,216,219-22:Acyl —> |£3,£6,29-21H| ——

Z23,26,79-22H| —-

2 1A 2B

Fig. 2 Biosynthetic pathways for components of the type 1 sex pheromone produced in Macdunnoughia confusa  Noctuidae

Plusiinae A and for trienes and epoxydienes of the type 2 sex pheormones B

“ o “ o
< Agyl” “ OAC “ o
The pheromone components and biosynthetic intermediates are abbreviated as follows Z = Z -configuration of double bond

number before hyphen = double bond position number after hyphen = carbon number of a straight chain Acyl = acyl derivative probably with

CoA  OAc = acetate and H = hydrocarbon.

2 B Type2 Wei et al.
Type 2 2003
linolenic acid 1
2 Miyamoto et al. 1999
3 2 B Type 2
7376 79-19 H
Lymanrtia disper epo3 76 79-19 H

— Miyamoto et al. 1999
Jurenka and Subchev 2000

Jurenka et al. 2003
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SG pheromone
biosynthesis activation neuropeptide PBAN
PBAN 33 1
11 PBAN
34 PBAN
5 Phe Ser Pro
Arg Teu-NH, Davis et al.
1992 RT-PCR
c¢DNA PBAN
SG PBAN
SG PBAN
Ando et al. 1996
pheromonstatic
peptide Kingan et al. 1995
PBAN
Mamestra
brassicae
Jacquin et al. 1994
Ozawa et al. 1993
PBAN
Zhao and Haynes 1997
PBAN
Wei et al. 2004
PBAN
PBAN
PBAN
Teal et al. 1989
Jurenka 1991 PBAN
PBAN
PBAN Rafaeli and Jurenka
2003  PBAN
Matsumoto and Yoshiga 2001
PBAN G protein-coupled receptor
PBAN
Choi et al.
2003 Type 2

PBAN

Wei et al. 2004

Type 2 PBAN
1 PBAN
11 10 Type 1
Type 1
PBAN Type 2
Wei et al. 2004 PBAN Phe Ser

Pro Arg Leu-NH,

PBAN Phe Ser Pro Arg Leu-NH,

PBAN

PBAN

7

Antherea polyphemus
55000
Vogt and Riddiford 1981
sensillum lymph
Vogt et al. 1989

sensory hairs

dendrites

Lymantria dispar
Vogt et al . 1988

pheromone binding protein PBP

RT-PCR
11 20 PBP  c¢DNA
PBP PBP
142 PBP
Prestwich
1996 20 PBP 50%
6 6
3 S-S
3 Sandler et al. 2000
PBP S-S 19 - 59 50 - 108
97 - 117 7 a.
ala 2-13 alb 17-22 o2 29-34

o3 47-58 o4 71 -179

124 Sandler et al. 2000
a3 Ser56

ala Phel2 a6

o5 8 -100 o6 108 -

Phel18
PBP Sandler et al. 2000
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pH PBP
PBP
pH 7 PBP pH 4 Horst
et al. 2001

8

www-pherolist. slu. se 565
2005
24

558 715
343

44 http //www.
jppn. ne. jp/shuppan/yosokuzai . html

Type 1

Type 2
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