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(decapod)
(endocrine  system)
neurohemal organ neurosecretory cell
(hemolymph)

X-organ (eyestalk)

(sinus gland)

(molting hormone)

/
- \“::/{‘
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(crustacean)
crayfish
neurosecretory cell

( 2.1)
neurosecretory cell
Postcommissural organ (PCO)
Pericardial organ (PO)
Y-organ

Androgenic gland

(ovary)

(Fingerman,1987)

(optic ganglia) medulla
interna medulla externa (Cooke and Sullivan,1982) neurohemal
organ

X-organ Medulla
Terminalis Ganglionic X-organ (MTGX) Sensory pore X-organ (SPX) (

2.2)

(Carlisle and Knowles,1959)
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' _ sinus gland
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brain . o

= medulla terminalis X-organ
commissural ganglion ‘ YR

L (A) cell

postcommisural organ
subesophageal ganglion

thoracic second roots
s “(N
T neural sheath surrounding
f"‘)‘/'\ ﬂ ' —i ganglia and connectives

2.1 (Beltz,1988)

pigment spot

medulla externa
ganglionic X-organ

lamina ganglionaris
medulla externa
sensory pore X-organ
sinus gland

medulla terminalis

medulla interna ganglionic X-organ

x-organ-sinus gland tract neurosecretory fibers

from brain to sinus gland
optic nerve

2.2 Palaemon (Carlisle and Knowles,1959)
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(red pigment concentrating hormone - RPCH) (Fernlund and Josefsson,1972)
(pigment dispersing hormone -
PDH) (Fernlund,1976 ; Kleinholz and others,1986)
(crustacean hyperglycemic hormone - CHH) (Fluberman and Aguilar,1986)
(molt inhibiting hormone - MIFi) (Chang, Bruce and Newcomb,1987)
(vitellogenesis inhibiting hormone - VIH or gonad
inhibiting hormone - GIH) (Soyez, Deijnen and Martin,1987)

Red pigment concentrating hormone (RPCH) crustacean neuropeptide
Pandalus borealis (Fernlund
and Josefsson,1968) octapeptide 1,000

Pigment dispersing hormone (PDH)

}  Pandalus borealis (Fernlund,1976) octadecapeptide
CHH, MIH VIH
CHH/MIHIVIH  Family
1). 6
2) . ¢ Fcd3 CA-CHeh-c?
3) . . 12-18
4) (Van Herp,1998)
CHH
' ' CHH
Carcinus maenas CHH
CHH
12 6 3
8,000-9,000

CHH



(polymorphism) Homarus americanus ~ CHH 2

' 8,578 8,655 25 (Tensen and
others,1991) olt-inhibiting hyperglycemic
activity H. americanus (Chang, Prestwich and Bruce,1990) Penaeus
japonicus (Yang and others,1996) putative MIH
ecdysteroid Y-organ Carcinus maenas
(Webster,1991) Procambarus clarkii (Nagasawa and others,1996)

VIH H. americanus (Soyez and others,1991)

Procambarus bouvieri (Aguilar and others,1992)

! FMRFamide, Small Cardioactive Peptide (SCP), substance P, Proctolin,
Cholecystokinin (CCK)
(Callaway, Masinovsky and Graubard,1987; Keller,1992; Schmidt and
Ache,1994; Turrigiano and Selverston,1989)

FMRFamide tetrapeptide
amide 4 Phe-Met-Arg-Phe-NFI2
(cardioexitatory neuropeptide)

(Price and Greenberg,1977)

FMRFamide ¢ (carboxy terminus) -Arg-
Phe-NH2 (-RFamide)
FMRFamide FMRFamide
4 C  Phe-X-Arg-Phe-NH2 X Met, Leu e
(Krajmak and Price,1990) FMRFamide
Pancreatic polypeptide (PP) PP (PP cell)

(F cell) (islets of Langerhans)



PP ' (Norris, 1997) PP
(Kimmel Pollock and Hazelwood,1968)
PP 4,200
36 C  tyrosine amide
PP
FMRFamide Schistocerca gregaria (Swales
and Evans, 1995) C -RY
amide -RFamide (cross reactivity)
2.2
' giant tiger
prawn Penaeus monodon Penaeidae (Dore
and Frimodt,1987)
( , 2531)
( , 2534)
( 2531)
(Holthuis,1980)
Phylum Arthropoda
Class Crustacea
Subclass Malacostraca
Order Decapoda

Suborder Natania
Infraorder ~ Penaeidae
Family Penaeidae
Genus Penaeus
Species monodon



7-8 3
1 5 (
, 2531)
19 1
3 5
1 5
3
4 5 8
6-13 3 (6,7 8) axilliped
9, 10 1

Penaeidae

12 13
6
2 14, 15, 16, 17 18
19

, 2529; , 2530) ( 2.3)

18-24 30-40
50-150 1,000,000-1,200,000
35
15

( , 2529 ;

. 2530; 2531



— Adrostral Carina
-Epigastric spine
— Hepatic spine

Antennular ~ Gastro-orhital Carina
flagellum Antennal spine

l Rostrum

ABDOMEN

Third maxilliped
N\
Pleopod
\ Pereopod g immeret)
(Walking leg)
Antennal flagellum
|
2.3
(Solis,1988)

2221
2531)

D

10

Hepatic Carina  ~ Abdominal segment

Sixth abdominal
segment

‘ Telson
Taifan ‘ééiiiék

~ Denaeus monodon

2-8

( 25



1

(petasma)
(thelycum)

15
( - 2529:
1 2531)

(endopod)
2 (cuticle)

( 259 - 2534 1 2530)
24)



(Thelycum)

(Petasma)

2.4

Penaeus monodon

—_

* |

(Fartante and Kensley,1997)
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2.3

CHH/MIHIGIH family

CHH, MIH  GIH

Hyperglycemic hormone
Carcinus maenas 50 (pH 8.5)
polyacrylamide gel electrophoresis (PAGE)
Uca pugilatcr ,
Sephadex G-50 CHH
dansylation Edman degradation
CHH 57 6,726
N (Keller and Wunderer, 1978)

. .1989 Kegel CHH
C. maenas CHH : HPLC
(hyperglycemic activity) 2
CHH
manual microsequencing (DABITC-PITC double-coupling method)
Fast atom bombardment-mass spectrometry (FAB-MS) CHH C. maenas
12 8,524 6
3 7-43, 23-29 26-52 N
pyroglutamate C  amide

putative  olt-inhibiting hormone

C. maenas b ' '
Sephadex G-50 olt-inhibiting activity in vitro bioassay
RIA MIH
(heat-stable) Sephadex G-50

6-14 (Webster,1986) . .1991 Webster
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putative MIH C. maenas automated Edman degradation
FAB-MS putative MIH C. maenas 78
9,181 3 N C
Homarus americanus
IN 80°c , C-18 Sep-Pak
cartridge RP-HPLC It-inhibiting activity bioassay
RIA ecdysteroid
molt interval ?
8,700 (Chang,

Bruce and Newcomb, 1987)
. .1990 Chang, Prestwich Bruce

MIH H. americanus molt-inhibiting
activity hyperglycemic activity , RP-HPLC
MIH i
CHH
H. americanus 10% CIN
85°C 80°c RP-HPLC
10%
85°C CHH
Nucleosil C18 0.1%TFA 0.1%TFA  n-propanol
1 3 2 (1
No.1, 2 2 Nos, 4 3 Nob, o) 2
H. gammarus 1 3
' Orconectes limosus Astacus leptodactylus
activity FAB-MS 1

8,633 Isoelectric focusing (IEF)
pi 8.7 3 8,577 pi 5



1 2 5 6
(Soyez and others, 1990)
Tensen (1991) CHH 2
H. americanus 0.IN 80°
RP-HPLC 2 CHH 2
CHH 2
Edman degradation
FAB-MS 1 ' ' 2 12 pyroglutamate
(pGlu) N
8,578 8,655 125
VIH H. americanus
Soyez, Deijnen Martin .. 1987 , 0.LN
RP-HPLC gradient 6
1+2, 3+4 5+6 vitellogenesis inhibiting activity
Palaemonetes varians hyperglycemic activity ~ O. limosus 3+4
3 4
isocratic  SDS-urea-PAGE 3
CHH bioassay VIH activity 4
CHH VIH bioassay 1,25 6 hyperglycemic activity
SDS-urea-PAGE 3 1.5
. .1991 Soyez " VIH2
H. americanus gas-phase
microsequencing FAB-MS Hoa-VIH
17 ' 9,135 N
CHPI 0.

limosus RP-FIPLC
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manual Edman microsequencing

72 pyroglutamate N c' Vval
NH2 6 3
8,400 CHH C. aenas
61% MIH  H. americanus  81% (Kegel
and others,1991)
CHH Mexican crayfish, Procambarus
bouvieri RP-HPLC 2
Nova-pak C-18 column
2 p-Bondapak phenyl
column 3 A B C B C
A
SDS-PAGE B
6,000-6,500
N B
C Isoleucine (lle) 52
6,042 4 Tryptophane (Trp),
Histidine (His) Methionine (Met) (Huberman and Aguilar,1986) .. 1988
Huberman Aguilar CHH 2 CHH-B
CHH-C RP-HPLC
CHH SDS-PAGE
CHH
6,000-6,500
dansylation
CHH-B CHH-C
6,000-6,200 ( ), pi 4.79
. 52-53 4 Met, His  Trp N
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Hubenman Aguilar (1989)
m A P. bouvieri * RP-HPLC 1
CHH activity * Y-organs culture (.
limosus molt-inhibiting activity ‘ SDS-PAGE
6,000
MIH 53-55
6,243-6,402 Trp, His Met N C lle
. .1993 Hubemnan CHH-I
p. bouvieri 72 8,388
6 3 7-43, 23-29
26-52 N C CHH
' '/ CHH 0. limosus (Orl-CHH), ¢. maenas
(Cam-CHH) H. americanus (Hoa-CHH A Hoa-CHH B) 98.6%, 61.1%,
83.3% 79.2%
MIH P. bouvieri
(Aguilar and others,1996)
manual Edman degradation MALDI-TOF MS
MIH 12 0 3
1-43,23-29  26-52 8,322 N
C His, Trp, Met CHH P. bouvieri
90% MIH
MIH  H. americanus lp. vannamei C. maenas /9%, 46%  28%
.. 1992 Aguilar
ViH P. bouvieri *!
RP-HPLC * in vitro bioassay
vitellogenin  ovaries culture ~ Peneaus vannamei
' electrospray ionization (EI) 8,388 2
VIH 72-74
Trp, His Met dansyl-Cl method N
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. 1995 Huberman, Aguilar Quackenbush

Procambarus bouvieri

4 GIH, MIH, CHH-I CHH-II
1) . pi
2) . hydrophobicity
3) . 8,300-8,400
4) . 12
5) . N C
6) . 6
7 .
CHH-I ! N
pyroglutamate C Val amide ' , 8373 "
. .1994 Yasuda CHH
Procambarus clarkii 0.1 N 80°c
Sephadex G-75 column 4 hyperglycemic
activity RP-HPLC 2 Prc-CHH |
Prc-CHH I
12 3
7-43, 23-29 26-52 DIL epimerization phenylalanine
3 Prc-CHH Il D-amino acid
ecdysteroid Y-organ culture stereoinversion
CHH
molt-inhibiting activity
p. clarkii 80% acetonitrile  0.9% NaCl MIH activity
in vitro bioassay  Y-organ culture  P. clarki RIA
RP-HPLC MIH P. clarkii

(Terauchi and others,1996) Nagasawa (Nagasawa and others,1996)
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MIH 75
C amide Prc-Mlr Cam-MIH
Hoa-MIH
. .1995 Yang, Aida  Nagasawa CHH
CHH Penaeus japonicus 1,500
0.9% NaCl  30% acetonitrile RP-HPLC
0-50% acetonitrile  0.05% TFA 5
34, 40, 42, 45 50 15,06, 2.8, 1.8 0.9
8,368, 8,487, 8,353, 8,328 8,314
(bioassay) No.42
12
4 CHH CHH
, 6 C amide
N Cam-
CHH 42%, Orl-CHH 50%, Hoa-CHH A 50%, Hoa-CHH B 42%, Prb-
CHH  40% Prc-CHH 50% Cam-MIH 29% Hoa-GIH
26%
. 1996 Yang
MIH p. japonicus olt-inhibiting activity invitro
bioassay Y-organ P. clarkii Pej-SGP-IV
ecdysteroid 77
N C Pej-SGP-1V Cam-MIH
. .1999 Sithigomgqul ,
CHH Macrobrachium rosenbrergii CHH
90:1:9
RP-HPLC CHH biological activity test CHH 1

i

MALDI-TOF MS
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C sr..xd
phase peptide synthesis YANAVQV-NH2 (T-) YANAVQTV-NH,
(T+) BSA

indirect immunoperoxidase
ELISA  Dot-ELISA

RP-HPLC Dot-ELISA
T- T+ N 3B
v 37-39 ?
30
CHH immunocytochemistry T+
medulla terminalis ganglionic X-organ (MTGXO)
T+
CHH 12
11 ( , 2541)
2.1 CHH/MIH/GIH ' I
Name-Year  Animals Extraction Purification ~ Detection Result
Keller and  C. maenas  sinus gland PAGE Bioassay  -hyperglycemic
Wonderer 50mM NH#Ac el filtration ~ Dansylaiion  activity
1978 Sephadex Edman - 57 residues

G-50 degradation  -MW 6,726 Da
Kegel and  C. maenas  sinus gland RP-HPLC DABITC-  -Cam-CHH

others PITC -72 residues

1989 -MW 8,524 Da
Webster ~ C. maenas  sinus gland Gl filtration inviro  -putative MIH

1986 bioassay  -heat-stable

RIA -MW 6-14 kDa



Name-Year
Webhster
1991

Chang,
Bruce and
Newcomb

1987

Chang,
Prestwich
and Bruce

1990
Soyez and
others 1990

Tensen and
others 1991

Soyez
Deijnen and
Martin
1978
Kegel and
others
1991

21 (1)

Animals
C. maenas

Homarus
americanus

Homarus
americanus

Homarus
americanus

Homarus

americanus

Homarus

americanus

0. limosus

Extraction
sinus gland

sinus gland
0.1 N HCI

80°C

sinus gland
0.1 N HCI 80°
C

sinus gland
1Phacetic acid 1

NHJ 85°
acetic acid 80°C

sinus gland

Sinus gland
0.1 N HCI
80° ¢

sinus gland

Purification
RP-HPLC

Sep-Pak C18
cartridge
RP-HPLC

PAGE
RP-HPLC

RP-HPLC

RP-HPLC

RP-HPLC
SDS-urea-
PAGE

RP-HPLC Gel
filtration

Detection
Automated
Edman
degradation
Bioassav
RIA

Bioassay
Edman
degradation

Bioassay
FAB-MS
|EF

Edman
degradation
FAB-MS

Bioassay
Micro
sequencing
FAB-MS
Edman
degradation
DABITC-
PITC

8§ 5
41 »

Result
- Cam-MIH
- 78 residues
- MW 9,181 Da
- MIH activity
- amino acid
composition
- MW -8,700 Da
- Hoa-MIH
- 71 residues
- CHH activity

- CHH 2 groups
- 68 residues
-MW 8,633 Da
-MW 8,578 Da
- CHH 2 groups
- 72 residues
-MW 8,578 Da
-MW 8,655 £25 Da
- Hoa-VIH

- 7 residues

- MW 9,135 Da

- Orl-CHH

- 72 residues
-MW 8,400 Da

~ Cam-CHH 61%
- Hoa-MIH 81%

« trmiSJjTiHujnu

8



Name-Year
Huberman
and Aguilar
1986
Huberman
and others
1988
Huberman
and Aguilar
1989

Huberman
and others
1993

Aguilar and
others 1996

Aguilar and
others 1992

21 ()

Animals
p. bouvieri

p. bouvieri

p. bouvieri

p. bouvieri

p. bouvieri

p. bouvieri

Extraction
sinus gland

sinus gland

sinus gland

sinus gland

sinus gland

sinus gland

Purification
RP-HPLC

SDS-PAGE

SDS-PAGE

RP-HPLC
SDS-PAGE

RP-HPLC

RP-HPLC

RP-HPLC

Detection
Bioassay
Dansylation

Bioassay
Dansylation

in vitro assay
Dansylation

Edman
degradation
EI-MS

Manual
Edman
degradation
MALDI-
TOFMS
in vitro
bioassay
Dansyl
method

22

Result

- CHH

- 52 residues

- MW 6,042 Da

- CHH-B, CHH-C

- 52-53 residues
-MW 6-6.2 kDa

- MIH activity

- 53-55 residues

- MW 6,243-6,402 Da
- N0 Trp, His, Met

- CHH-I

- 72 residues

-MW 8,388 Da
~Orl-CHH 98.6%
-Cam-CHH 61.1%
~Hoa-CHH A 83.3%
-Hoa-CHH B 79.2%
-Prb-MIH

-T2 residues

-MW 8,322 Da

- Prb-MIH 90%
~Hoa-MIH 79%
-Prb-VIH

-12-74 residues
-MW 8,388 +2 Da



Name-Year
Yasuda and
others 1994

Terauchi
and others
1996
Nagasawa
and others
1996

Yang and
others 1995

Yang and
others 1996

Sithigorngul
and others
1999

21 (1)

Animals
p. clarkii

p. clarkii

p. clarkii

p. japonicus

p. japonicus

Macrobrachium
rosenbergii

Extraction
sinus gland

sinus gland
0.9% NaCl

80% ACN
sinus gland

sinus gland
0.9% NaCl
in 30% ACN

sinus gland

Eyestalk

Purification
Gel filtration
Sephadex
G-75
RP-HPLC
RP-HPLC

RP-HPLC

RP-HPLC

RP-HPLC

RP-HPLC

Detection
Bioassay

in vitro
bioassay
RIA
Edman
degradation

Bioassay

in vitro
bioassay
RIA

Bioassay
Dot-ELISA

MALDI-TOF

Result
-CHH activity
-Prc-CHH |
Prc-CHH-Il
-T2 residues
- MIH activity

- Prc-MIH
-75 residues

-Pej-CHH

-T2 residues

-MW 8,353 Da
~Orl-CHH 50%
~Cam-CHH 42%
~Hoa-CHH A 50%
~Hoa-CHH B 42%
-Prb-CHH 40%
~Prc-CHH 50%
-Pej-MIH

-T7 residues

- Cam-MIH
-Mar-CHH

-71 residues
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FMRFamide

FMRFamide
FMRFamide Price Greenberg (1977)
Macrocallista nimbosa ! thin
layer chromatography, ion-exchange chromatography gel filtration
Edman degradation

b ' tetrapeptide amide Phe-Met-
Arg-Phe-NFI2 (FMRF-NFI,) "
FMRFamide 1073 "
FMRFamide
(Grimmelikhuijzen and  Graff,1986) (Sithigomgul,  Stretton  and
Cowden,1991) (Krajniak and Greenberg,1992) (Lundquist and
Nassel,1990) (Dockray and others,1983)

(Majane Panula and Yang, 1989)

FMRFamide ( 2.2)
. 1987 Trimmer, Kobierski Kravitz [-I. americanus
pericardial organ "

(90:1:9) RP-FIPLC
3 RIA Edman
degradation octapeptide amide 2 Ser-Asp-Arg-

Asn-Phe-Leu-Arg-Phe-NFI2 (SDRNFLLRF-NFI2) Thr-Asn-Arg-Asn-Phe-Leu-Arg-Phe-
NH2(TNRNFLRF-NH2

. 1991 Krajniak FMRFamice Callinectes
sapidus pericardial organ thoracic ganglia ,
' RP-FIPLC ?
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RIA microsequencing analysis
FAB-MS ' : 1,159 Gly-Tyr-Asn-Arg-
Ser-Phe-Leu-Arg-Phe-Arg-NH2 (GYNRSFLRF-NH2)

. .1993 Yasuda, Naya Nakanishi

FMRFamide Callinectes sapidus
1 Sephadex G-75 HPLC 2
FMRFamide carboxy terminal analysis
FMRFamide 2 CP1
pGlu-Gly-Arg-Phe-NF12 (pEGRF-NH2) CP2 pGlu-Leu-Gly-

Arg-Phe-NH2 (pELGRF-NFI2)

. .1991 Mercier Procambarus clarki
pericardial organ - - (90:1:9)
C18 Sep-Pak cartridge HPLC 2
. 1993 Mercier
FMRFamide pericardial organ

2 NF1 Asn-Arg-Asn-Phe-Leu-Arg-Phe-NFI2
(NRNFLRF-NH2) DF2 Asp-Arg-Asn-Phe-Leu-Arg-Phe-NH,
(DRNFLRF-NH2

Macrobrachium rosenbergii

FMRFamide
RP-FIPLC Dot-ELISA
HPLC FMRFamide

24-41 ( 13 )

38 FMRF amide
( , 2537) . .1998 Sithigomgul
FMRFamide 5,000
FMRFamide 5 Mar-FLP1

DRNFLRF-NH2 965.7 120 Mar-FLP2
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' ADKNFLRF-NH2 1,009.4
100 Mar-FLP3 NYDKNFLRF-NH2 ",
1,215.4 130 Mar-FLP4
APALRLRF-NFI2 943.0 180 Mar-FLP5
DRTPALRLRF-NH2 1243.0
280
. .2541 , FMRFamide
9000
C18 Sep-Pak cartridge 50%acetonitrile / 0.1%TFA
1 RP-HPLC 5-7 : Dot-EUSA
FMRFamide mouse anti-FMRFamide monoclonal
antibody (FM-23), mouse anti-KNEFIRFamide monoclonal antibody (AF1-62) mouse
anti-KFtEYLRFamide (AF2-32) 10 ' RP-FIPLC 1
FMRFamide 18 )
990-2,679 FMRFamide
FMRFamide
FMRFamide
2.2 FMRFamide
Name-Year Animals Extraction ~ Purification  Detection Result
Trimmer ~ H. americanus  Pericardial ~ Gel filtration RIA -2 octapeptides
and others organ Sephadex -SDRNFLRFamide
1987 G-25 MW 1,053.20 Da
RP-HPLC -TNRNFLRFamide

MW 1,066.24 Da
Krajniak Callinectes ~ Pericardial ~ RP-HPLC RIA - GYNRSFLRFamide
1991 sapidus organ and MW 1,158.34 Da
thoracic
ganglia



Name-Year
Mercier and
others 1993

Yasuda and
others 1993

Sithigorngul
and others
1999

2541

22 ()

Animals
Procambarus
clarkii

Callinectes
sapidus

Macrobrachium
rosenbergi

Peneaus
monodon

Extraction
Pericardial
organ

Eyestalk

Eyestalk

Eyestalk

Purification
RP-HPLC

Gel filtration
Sephadex
G-75
RP-HPLC
RP-HPLC

RP-HPLC

Detection
RIA

Carboxy
terminal
analysis

Dot-ELISA

Dot-ELISA

21

Result

-NRNFLRFamide

MW 506.57 Da

-DRNFLRFamide

MW 619.73 Da

-DEGRFamide

MW 955.13 Da

-pELGRFamide

MW 966.12 Da

-DRNFLRFamide

MW 966.12 Da

-ADKNFLRFamide

MW 1,009.19 Da

-NYDKNFLRFamide

MW 1,215.39 Da

-APALRLRFamide

MW 942.19 Da

-DRTPALRLRFamide

MW 1,243.40 Da

-PFM 1-18
-MW 990-2679 Da
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