. PBAN
. PBAN

V. PBAN
V.

VI. PBAN
VI. PBAN

pheromone
£ biosynthesis



. ' a) Circadian rhythm

pheromone
biosynthesis

nerve system ?
or
endocrine system ?

(M9) Pheromon

3.0
eclosion
204 1 \E“’}“‘f
1.0 T’}\i“‘i
0 - . .
0 12




b}

head
extract

> >
4 hr 24 hr
Eclosion
HPLC (normal phase) W
<=
30 min
column: NO, Extraction

solvent: 7-hexane + IPA (98:2) Filtration
UV detector: 235 nm



c) PBAN

1. In Japan
Ohguchi et al., 1983.

Ohguchi et al., 1985. Japan J. Appl. Entomol. Zool, 29 265-269.
“Hormone-like substance present in the cephalic organs of the

female moth, Chilo suppressalis (Walker) (Lepidoptera: Pyralidae)
and controlling sex pheromone production”

2. In USA

Raina & Klune, 1984. Scrence, 225. 531-533.
“Brain factor control of sex pheromone production in the female
corn earworm moth”

Pheromone Biosynthesis =—> PBAN
Activating Neuropeptide



|. PBAN '

a) Preliminary experiments

Heads of ¢ & <&

Treatment Bombykol o
(na/ ¢) = homogenizing
: in acetone
Exp. 1) | |
None : 1.31 £ 0.05 Filtrate Residue
Decapitated (acetone powder)
+ Buffer 0.00 %= 0.00 .
+ ¢ heads 0.19 == 0.07 = XA O EioH
Exp. 2) ! .
None 0.87 =+ 0.20 Filtrate | Residue
Decapitated = heating (3 extraction
+ Buffer 0.00 = 0.00 | with 2% NaCl
Supernatant ppt.

|
+ & heads 0.15 %= 0.05 precipitation Supernatant ppt.

= with 50% .
acetone = heating

| |
Supernatant ppt. Supernatant ppt.
(Fr. B) (Fr. C)



b) Endocrine system of insect

Corpora cardiacum

Corpora allata
PTTH

Protoracic
gland i
JH
/ ecdysone
/ ? / /

|

EH

ecdysone

ecdysis pupation eclosion



c) Preliminary experiments

Treatment Bombykol Heads of ¢ & &
(ng/ ) ) L
omogenizin
Exp. 1) in acetone
None 1.31 £ 0.05 | |
Decapitated Filtrate Residue
+ Buffer 0.00 %= 0.00 (acetone powder)
+ 2 heads 0.19 = 0.07 .
(3 extraction
Exp. 2) | with 80% EtOH
+
None | 0.87 %= 0.20 Filtrate Residue
Decapitated S heat
+ Buffer 0.00 == 0.00 cating (3 extraction
| Wi o0 Na
+ & heads 0.15 %+ 0.05 Supernatant ppt. |
Exp. 3) pre(t;ri]pétoe})t/ion Supernatant  ppt.
None - 0.69 # 0.16 elonG 3 heating
Decapitated , ,
+ Buffer 0.00 %= 0.00 Supernatant ppt. Supernatant ppt.
+ 0.06 %= 0.04 (Fr.B) (Fr. C)
+Fr B 0.24 +0.06 <= PBAN PPTH, EH
+ Fr. C 0.03 +=0.02



of Bom-PBAN

aetone powder (75,000 s, 560 Q)

80% EtOH extraction

evaporation
aqg. solution

heating
+ acetone

supernatant
charcoal column

| | |
water 25%EtOH 80%EtOH 25%Py

\ Sephadex G-50 column
0.2 M AcNH, + 2% n-BuOH

(600 ml)

ultradiltration
Amicon YM-2 membrane

(50 ml)

QAE Sephadex column
0.02M Tris-HCI + 0-0.5M NacCl

0.3 M NacCl fraction

HPLC
1. Develosil C8
2. VP-318

v 3.Vydac C18

1.5 ug (4700 unit = 6% yield)

[

235 nm PEAN=1 CHCIs (%)

02 :__”____'_,_,._--""'"F E% PEAN,I -.20

0.1} )J-L,r




|l. PBAN

a) FXPRL-amide

1 5 10 15
Hez-PBAN H-Leu Ser Asp Asp Met Pro Ala Thr Pro Ala Asp GIn Glu Met Tyr Arg GIn-
Bom-PBAN | H-Leu Ser Glu Asp Met Pro Ala Thr Pro Ala Asp GIn Glu Met Tyr GIn Pro-
Bom-PBAN Il H-Arg Leu Ser Glu Asp Met Pro Ala Thr Pro Ala Asp GIn Glu Met Tyr GIn Pro-
Lyd-PBAN H-Leu Ala Asp Asp Met Pro Ala Thr Met Ala Asp GIn Glu Val Tyr Arg Pro-
Bom-DH H -Thr Asp Met Lys Asp Glu Ser Asp-
Pss-MRCH H-Lsy Leu-
20 25 30 33
Hez-PBAN -Asp Pro Glu GIn lle Asp Ser Arg Thr Lys Tyr Phe Ser Pro Arg Leu-NH,
Bom-PBAN I -Asp Pro Glu Glu MetGlu Ser Arg Thr Arg Tyr Phe Ser Pro Arg Leu-NH,
Bom-PBAN 11 -Asp Pro Glu Glu Met Glu Ser Arg Thr Arg Tyr Phe Ser Pro Arg Leu-NH,
Lyd-PBAN -Glu Pro Glu GIn lle Asp Ser Arg Asn Lys Tyr Phe Ser Pro Arg Leu-NH,
Bom-DH -Arg Gly Ala His Ser Glu Arg Gly Ala Leu Trp Phe Gly Pro Arg Leu-NH,
Pss-MRCH -Ser Tyr Asp Asp Lys Val Phe GluAsn Val Glu Phe Thr Pro Arg Leu-NH,
Lom-MT I H-Gly Ala Val Pro Ala Ala GIn Phe Ser Pro Arg Leu-NH,
Lem-PK pGlu Thr Ser Phe Thr Pro Arg Leu-NH,

Hez-PBAN (Raina et al., 1989), Bom-PBAN | and Il (Kitamura et al., 1989, 1990),
Lyd-PBAN | (Masler et al., 1994), Bom-DH (Imai et al., 1991), Pss-MRCH (Matsumoto
et al., 1992), Lom-MT | and Lem-PK (Nachman and Holman, 1991)



b) PBAN

10

20

30

_NH2
_NHZ

_NHZ

~NH,
~NH,
~NH,
~NH,
~NH2

-NH2

94

67

79

79

79
73

76

39




b) PBAN

(Helicoverpa zea) Hez-PBAN (Raina, 1989)
Bombyx mori Bomo-PBAN I, Il  (Kitamura, 1989, 1990)
(Lymantria disper) Lyd-PBAN (Masler, 1994)

(Bombyx mori) Bomo-PBAN (Kawano,1992, 1997; Sato, 1993)
(Bombyx mandarina) Boma-PBAN (Xu, 1999)
(Helicoverpa zea) Hez-PBAN (Davis, 1992)
(Helicoverpa armigera) Hear-PBAN ( Zhang, 2004)
(Heliothis virescens) Hev-PBAN (Xu & Denlinger, 2003)
(Helicoverpa assulta) Heas-PBAN (Choi, 1998)

(Mamestra brassicae) Mab-PBAN (Jacquin-Joly, 1998)
(Spodoptera littoralis)  Spl-PBAN (lglesias, 2002)
(Agrotis ipsilon) Agi-PBAN (Duportets, 1998,1999)

Manduca sexta Mas-PBAN (Xu & Denlinger, 2004)
(Adoxophyes honmal Adh-PBAN (Lee, 2001)



Amino Acid Sequences of FXPRLamides

(1) PBAN

1
Bomo-PBAN | H- Leu Ser
Bomo-PBAN Il H- Arg =* *
Boma H- * *
Lydi H- * Ala
Agip ?H- Arg *¥ Ala
Hear, Heas, Heze H- * *
Hevi H- =* Ala
Mabr H- * Ala
Spli H- = Ala
Adho H- GIn *
Bombyx mori
Bombyx mandarina
Limantria disper
Agroftis psilon
Helicoverpa armigera
Helicoverpa assulta
Helicoverpa zea
Heliothis virescens
Mamestra brassicae
Spodopftera littoralis
Adoxophyes honmai

5 10 15 20

Glu Asp Met Pro Ala Thr Pro Ala Asp GIn Glu Met Tyr GIn Pro Asp Pro Glu

* % % x x x *x % % % % % % % % x x x

* % % % %k x %k % k% e * * *x * % %

Asp * % % x % Metx % % x Val ¥ Arg * Glu ¥ %

Asp* Thr * * % % % % % % % % Arg * * % %

Asp * % % % % x % % % % x *x Arg Gln * % %

Asp* * * * % % * * % *x % % Arg Gn * * %

Asp* * * % % % % % % % % % Arg * * % %

Asp * * * * * * * * * * Leu * Arg * * * Asp

* ~ ~ Ala Val * Ser Ser * Glu GIn Val * Arg GIn * Met Ser

21 25 25 30 33

Glu Met Glu Ser Arg ~ Thr Arg Tyr Phe Ser Pro Arg Leu NH2 Bomo-PBAI
¥ % % % % ~ x x x x * % % % NH2 Bomo-PBAI
Val ¥ % % % ~ % x x % % %k % % Boma
GIn lle Asp * * ~ Asn Lys ¥ x %k % %k % NH2 Lydi
GIn lle Asp * * ~ ok Lys =* * * % * * Agip
Gln lle Asp * * ~ % Lys * * * * * * Hear, Heas
Gln lle Asp * * Arg * Lys * * * * * * Hevi
GIn lle Asp * % ~ % Llys x %k ok ok ok Gk Mabr
GIn lle Asp * % ~ % Lys x kx  k ok ok Gk Spli
Pro Val Asp Gly * ~ Leu Lys * x %k % %k % Adho

A4 Bomo-PBAN  Kitamura et al., 1989, 1990

23 Boma-cDNA  Xu et al., 1999

RARAH Lidi-PBAN Masler et al., 1994

2IFNH Agip-cDNA Duportets et al., 1998; 1999

AN\ HDiERE Hear-cDNA  Zhang et al., 2002 (GenBank #AAM43840)

AAZRNaH Heas-cDNA  Choi et al., 1998

2\ H0EEE Heze-PBAN Raina et al., 1989

A2\ 0iEEE Hevi-cDNA  Xu et al., 2003

ERNyY;) Mabr-cDNA  Jacquin-Joly et al., 1998

NAEDT MODEETE Spli-cDNA Iglesias et al., 2002

F/ABhVEVNIX Adho-cDNA  Choi et al., 2004 (GenBank #AAK72980)



(2) Amino Acid Sequences of SGNPs Determined from PBAN/DH-cDNA

2a) SGNP |

1 5 10 15 20 25
Bomo-DH Thr Asp Met Lys Asp ~ Glu Ser Asp Arg Gly Ala His Ser Glu Arg Gly Ala Leu Trp Phe Gly Pro Arg Leu NH2
Boma * % * * * ~ * * * % * * * % * * * % * * * * k * * NH2
Agip Asn * Val * * Gly Gly Ala * * * * * * Asp * * Gly Met * * * * * lle
Hear Asn * Val * * Gly Gly Ala Ala Ser * * * * Asp * Leu Gly * * * * * * *
Heas, Heze Asn * Val * * ~ Gly Ala Ala Ser * * * * Asp * Leu Gly * * * * * * *
Hevi Asn * Asp * * ~ Gly Ala Ala Ser * * * * Asp * Leu Gly * * * * * * *
Mabr Gly =* * * * * * lle
Spli Asn Glu lle * * Gly Gly * * * * * * * Asp * Ala Gly * * * * * * *
Adho Asn Phe #* Glu Glu Asn Phe # * Asn lle Arg * Gly * Ala Asn Val Val #* Lys * lle *
2b) SGNP Il (a)

1 5 7
Bomo lle lle Phe Thr Pro Lys Leu
Boma * * * * * * *
Agip Val * * * * * *
Hear, Heas, Heze Val * * * * * *
Hevi Val * * *x % x  *
Mabr Val * * * * * *
Spli Val =* * * * * *
Adho Val * * * % % %
2c) SGNP Il (B)

1 5 10 15 20
Bomo Ser Val Ala Lys Pro ~ ~ ~ GIn Thr His Glu Ser Leu Glu Phe lle Pro Arg Leu
Boma Ed * * * Ed ~ ~ ~ ~ ~ ~ * Ed % * * Ed * * *
Agip * Lue Ser Tyr Glu Asp ~ ~ Lys Met Phe Asp Asn Val * * Thr * * *
Hear, Heas, Heze * Lue * Tyr Asp Asp ~ ~ Lys Ser Phe * Asn Val * * Thr =* * *
Hevi * Lue Ser Tyr Asp Asp ~ ~ Lys Ser Phe #* Asn Val * * Thr * * *
Mabr * Lue * Tyr Asp Asp ~ ~ Lys Val Phe ¥ Asn Val * % Thr * * %
Psse-PT Lys Lue Ser Tyr Asp Asp ~ ~ Lys Val Phe* Asn Val * * Thr * % = NH2
Spli * Lue * Tyr Asp Asp ~ ~ Lys Val Phe * Asn Val =* * Thr * * *
Adho * Met Glu Asp * Tyr Glu Glu Lys Arg Ser Tyr Asp Val Asp * Thr * %  *



2d) SGNP IV (y)
1

Bomo Thr Met Ser Phe Ser Pro Arg Leu
Boma * * * * * *k * *
Hear, Heas, Heze * * Asn * * * * *
Hevi * £ Asn * * ES k *
Mabr * * Asn * * * * *
Spli * * Asn # * % * %
Agip * * Asn #* * * * *
Adho * Val Lys Leu Thr * * *
Bombyx mori 2 R |

Bombyx mandarina o3

Agrotis ipsilon 2IFNH

Helicoverpa armigera S H0ERE
Helicoverpa assulta A5 aH

Helicoverpa zea AN HOEEE
Heliothis virescens AN\ HDuERE
Mamestra brassicae ERNSY;]

Spodoptera littoralis NREY T bYDEFE
Pseudaletia separata 723k

Adoxophyes honmai F/aARVEINIF

5

Bomo-DH
Bomo-cDNA
Boma-cDNA

Agip-cDNA
Hear-cDNA
Heas-cDNA
Heze-cDNA
Hevi-cDNA
Mabr-cDNA
Spli-cDNA
Psse-PT

Adho-cDNA

Imai et al., 1991
Kawano et al., 1992; Sato et al.,1993
Xu et al., 1999

Duportets et al., 1998; 1999

Zhang et al., 2002 (GenBank #AAM43840)
Choi et al., 1998

Davis et al, 1992; Ma et al., 1994

Xu et al., 2003

Jacquin-Joly et al., 1998

Iglesias et al., 2002

Matsumoto et al., 1992

Choi et al., 2004 (GenBank #AAK72980)
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V. PBAN l

a) PBAN
20
Trichoplusia ni
Tang et al, 1989. PNAS, 86: 1806.
b)
SG (SOG, suboesophageal ganglion )
SG
Immunostain

Kingan et al, 1992. Cell Tissue Res., 270: 229.
Ma & Roelofs, 1995. J. /nsect Physiol, 41: 339.






(pheromone gland)

Arima et al, 1991. Appl Entomol. Zool, 26: 137.
H. armigera Rafaeli et a/,1990. J. /nsect Physiol, 36. 641.

S. Iittoralls. Fabrias et a/,1994.
Arch. Insect Biochem. Physiol, 27. 77

Helicoverpa zea
VNC (ventral nerve cord)
— TAG (terminal abdominal ganglion)

- secondary messenger - pheromone gland
Teal et al, 1989. PNAS, 86 2488.



d)

C- FXPRL -

Kuniyoshi et al, 1991. Peptide Chem., 1990: 251..
Kuniyoshi et al,, 1992. /nsect Biochem. Molec. Biol, 22: 399.

Raina & Kempe, 1990. /nsect Biochem., 20: 849.
Raina & Kempe, 1992. /nsect Biochem. Molec. Biol, 22. 221.

FXPRL
C- /

Nachman et al., 1993. Biochem. Biophys. Res. Comm., 193. 661.



e)

Chol et al, 2003. PNAS, 100: 9721-9726.
“I[dentification of a G protein-coupled receptor for pheromone

biosynthesis activating neuropeptide from pheromone glands of the
moth Helicoverpa zea”

Drosophila GPCRs neuromedin U receptor
PBAN Ca
neuromedin U YFLFRPRNamide

Hull et al, 2004. J. Biol Chem., in press.
“Cloning and characterization of the pheromone biosynthesis

activating neuropeptide receptor from the silkmoth, Bombyx mor..
significance of the carboxyl terminus in receptor internalization.”

HezPBAN-R ~-



f) PBAN

Acetyl CoA

ﬂ@ PBAN

Saturated Acid

Unsaturat
Q: PBAN

Chain elongation
or shortening

Unsaturated Acid

Reductio@i PBAN

Unsaturated Alcohol

Acetate, Aldehyde
Emission| &— PBAN

A. velutinana
H. armigera
H. zea

M. brassicae

C. chalcites
M. brassicae

S. littoralis
B. mori

M. sexta
T. pityocampa

T.ni

Tang et al., Proc. Natl. Acad. Sci. USA, 86: 1806 (1989)
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Zhao & Haynes, J. Insect Physiol., 43: 695 (1997)



(o

PBANCDNA

)

Kawano et al, 1992. Biochem. Biophys. Res. Comm., 189. 221.

-40 ATCACTTCGCCCTCCAACCACTGAAGGGACAACAACAAAA ATG TAT AAA ACC AAC ATT GTT TTC AAC GTT TTA GCT TTG
Met Tyr Lys Thr Asn Ile Yal Phe Asn VYal Leu Ala Leu

40 GCA TTG TTC AGT ATT TTC TTC GCG AGT TGC ACG GAT ATG AAG GAT GAA AGC GAC AGA GGA GCT CAC AGT
Ala Leu Phe Ser I1le Phe Phe Ala Ser Cys Thr Asp Met Lys Asp Glu Ser Asp Arg Glv Ala His Ser

109 GAG CGG GGC GCT CTC TGG C GGC CCC AGA CTC |GGG AAG CGA TCA ATG AAG CCA TCC ACT GAA GAT AAC
Glu Arg Gly Ala Leu Trp Phe Gly Pro Arg Leu |[Gly Lys Arg Ser Met Lys Pro Ser Thr Glu Asp Asn

178 AGG CAA ACC TTC CTG AGG CTG CTC GAG GCG GCT GAT GCC CTC AAA TTT TAT TAC GAC CAG CTA CCT TAC
Arg Gln Thr Phe Leu Arg Leu Leu Glu Ala Ala Asp Ala Leu Lys Phe Tyr Tyr Asp Gln Leu Pro Tyr

247 GAG AGG CAA GCC GAT GAA CCG GAA ACC AAA GTA ACA AAG AAG ATC hTClTTC ACC CCC AAA CTC] GGG AGG
Glu Arg Gln Ala Asp Glu Pro Glu Thr Lys Val Thr Lys Lys Ile Ile|Phe Thr Pro Lys Leu| Gly Arg

316 AGC GTC GCC AAA CCC CAG ACG CAT GAA AGC CTC GAA
Ser Yal Ala Lys Pro Gln Thr His Glu Ser Leu Glu

TTC ATC CCC CGG CTC| GGA AGG CGG CTC TCT GAG
Phe Ile Pro Arg Leu| Gly Arg Arg Leu Ser Glu

385 GAC ATG CCT GCT ACG CCA GCT GAC CAG GAA ATG TAC CAA CCT GAC CCC GAA GAA ATG GAG TCA AGA ACA
Asp Met Pro Ala Thr Pro Ala Asp Gln Glu Met Tyr Gln Pro Asp Pro Glu Glu Met Glu Ser Arg Thr

454 AGA TAC |ITTC TCG CCC AGG CTG]|GGG CGC ACC ATG AGC ITT TCG CCC AGA CTG |GGA AGG GAG CTT TCG TAC
Arg Tvr |[Phe Ser Pro Arg Leu|Gly Arg Thr Met Ser IPhe Ser Pro Arg Leu|Gly Arg Glu Leu Ser Tyr

523 GAT TAC CCT ACA AAA TAT AGG GTT GCC AGA AGC GTT AAC AAG ACA ATG GAC AAC TAAACGAATTATGGTCCG
Asp Tyr Pro Thr Lys Tyr Arg Val Ala Arg Ser VYal Asn Lys Thr Met Asp Asn #**=

595 CTTGAGGTACCTCATTTGAGGTCTCGATCGACTCCGACGAACGGTTACGGGTAAACGGCGACAATGTTAATGTTTTGGACGAAACAATTG
685 TTAATTRATAAATTCATGTGATTTTGTAATTGTAATTTATAAGTGRATAAARARATARACTATTTAAAAT (polyA)

Het KK Stop
10 aa Ol IIFTPKLG ’Y TMSFSPRLG
TDMKDESDRGAHSERGALWFGPRLG LSEDMPATPADQEMYQPDPEEMESRTRYFSPRLG

DH SVAKPQTHESLEFIPRLG -



0) PBANCDNA

PBAN DH CDNA
FXPRL a, B,y

Kawano et a/, 1992. BBRC, 189: 221.
Davis et al, 1992. PNAS, 89: 142.

~N
DH ( ) a-
> - PBAN (
1 Y
Mamestra brassicae ( ) Jacquin-Joly et al., 1998. /n. Bi. Mol Bi,, 28: 251.
Helicoverpa assulta ( ) Choi et al, 1998. /n. Bi. Mol Bi, 28: 759.
Agrotis lpsilon  ( ) Duportets et a/, 1999. Peptide, 20: 8909.

Bombyx mandarina ( )  Xu et al, 1999. J. Seric. Sci. Jpn., 68:; 373.
Spodoptera littoralis |glesias et al, 2002. /n. Bi. Mol Br, 32 901.
Heliothis virescens Xu & Denlinger, 2003. /nsect Molec. Biol, 12. 509.
Manaduca sexta ( ) Xu & Denlinger, 2004. Peptide, 25 1099.
Adoxophyes honmai  Choi et al, 2004. In. Bi. Mol Bi, 34. 927.
Helicoverpa armigera  Zhang et al, 2004. J. Insect Physiol, 50: 25.



h) DH

Bombyx mori  =——=>  embryonic diapause

SG DH .
N, DH .

Heliothis virescens
Xu & Denlinger, 2003. /nsect Mol. Biol, 12: 509.

12L:112D,20 -
oL:15D, 18 - % termination (1 week 25 )

+ water injection 5 (n=20)
+ Hv/i~-DH injection 93 (7= 30)

=—>  Hyi-DH



PBAN
pheromonotropic MW 4000

> SG PBAN
pheromonostatic peptite (PSP)
57
Kingan et al, 1995. PNAS, 92: 5082.




injection

A+ IIléi rTITé;T;smy—

+ buffer |
B: + = _

+ buffer [ | -

0 100 200 (ng)
pheromone titer Y Y
1 ? phrononotropic Ando et al, 1996.
2. pheromonostatic Arch. Insect Biochem.

Physiol, 31. 207.
3. VNC Q



VI. PBAN

C- FXPRL

—>
opioid morphine enkephalin

HO I@
CH3

NH2
O N\)L OH
Nﬁr ﬁr

HO
Tyr—GIy—GIy—Phe—

Teal & Nachman, 2002. Peptide, 23: 801
. pheromonotropic

@)
O NH
Phe-Thr-Pro-Arg-Lue-NH,
Br O



VI. PBAN

Raina, 1993. Ann. Rev. Entomol, 38: 329.
“Neuroendocrine control of sex pheromone biosynthesis in
Lepidoptera.”

Rafaeli, 2002. /nt. Rev. Cytol, 213: 49.
“Role of neuropeptides in sex pheromone production in moths.”

Altstein, 2004. Peptide, 25. 1491.
“Role of neuropeptides in sex pheromone production in moths.”
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