HRgik @
R EVIEWS

Progress in regulation role of peptides of the central nervous
system in Aplysia

& RA A, JwEE

(1. , 361005; 2. , 361005; 3.
R 361004; 4. ,
361004)
:Q617 :A :1000 3096(2007) 08 0091- 06
(Aplysia) (Molluse),
( Gastropoda), ( Opistlr obranchia),
(Aplysiidae) s
(central nervous system, CNS)
5 M=
(‘buccal ganglion, BG) (cerebral garr
glion, CG) (pleural ganglion, PLG)
(pedal ganglion, PG) (abdominal
ganglion, AG), ,
(1 1
1~ 11
, ( Matrix
0 assisted laser deposition/ ionization time of flight, MALDF
TOF)
[2 R
’ 20 000 : 2005 09 30; 12005 12-10
, ( : (30470372) ;
1000 Hm 1), (C031006)
(1975, . , .
’ , Ermail: jhw @ xmzsh. com ;
N s s , Email: hqhuang@ x mu.
edu. cn

Marine Sciences/ Vol. 31, No. 8/ 2007 91



RE&Th
E VIEWS

1 W& % RA K5 R

NP)

( neuro peptide,
(leech osmoregulatory factor, LORF)
,LORF
(Aplysia cali-
fornia, AC) 100

[7]

’

(egg laying hormone, ELH)

’

('small cardioactive peptides,

SCP, SCPy) (‘histidine rich
basic peptide, HRBP) R15a1 R15a2 NdWFamide
(Asr D Trp Phe NH,)
[8~11] [12]
( )
NdW Famide s
s Ca*
, G L1 NdW-
Famide s s
D Trp L= Trp,
4 L5 67
(left upper quadrant, LUQ) ,
[15]
[16]
1( cerebral peptidel, CP1)
s L7 SCPs
[18 19

(Mytilus inhibitory peptide related pep

tides, M IPs) s
Fujisaw a Xul 221
M1Ps ( command neuron peptides,

CNPs)
(pedal peptide, PP)

[ 2]

92 12007

( myomodulins) ,
[ 2] s
4 ,
D CP1 (Acidic peptide, AP)!® 7
s 1
CP1,
CP1 CP1
s CP1 s
(AMRPs)
AMRPs s AMRPs
AM RPs
. AMRPs ,
. AMRPs 10" " mol/ L,
AMRPs o2
(mok
lusk derived growth factor, MDGF)
.MDGF 9231
MDGF,
MDGF MDGF

[ 26]

2 BMZETERENSL K

2 (

, visceral ganglion)

(Aplysia juliana, AJ)
( Notarcus leachiti cirrosus Stimpson, NLCS)
[27)



RE&Th
E VIEWS

LUQ
12829
( 800 ), R3~ R14 L26
RIS ,
ELH L567 NdWFamide LUQIN
(1) )
:(2)
:(3)
ELH L567 ELH 242
ELH (bag cell)
9 , @ bag cell

peptide(ac BCP) B-bag cell peptide (8 BCP) Y-bag
cell peptide (y-BCP) ELH P% ELH

’ s

( ¥BCP -7 v-BCP

1~ 8 acidic peptide ) L567 112
5 1~ 23
R 23 24 , 89
12~
13 ,
LUQIN( 1~ 12)
(proline rich mature peptide) 13 89
3 WBIEZ RIREEA
[31
R (attractin) 3233
58
(34
2 o« L=l 41
(30 min)

[36] 37
5

4 s F46 F31 129
I 24171,
(Emr
dopeptidease, EP) s
EP EP
4 Ui E(ELH) fER £ 4 AK(AP)
36
) s )
[ 3]
[ 40~ 44] |
C o R
(acidic peptide, AP)
s SSGVSLLTSNKDE
EQRELLKAISNLLD, Lewr Leu ,
2 960. 3 u, )
Leur Leu
46 471 SS
GVS LLTSNKDEEQRELLKAISNL LTSNKDE
EQRELLKAISNL
I
MALDETOF
N c ,
MALDETOF
[47)
, Rubakhin  [#! M ALDET OF

Marine Sciences/ Vol. 31, No. 8/ 2007 93



E[z LRk
E VIEWS

Li 54 Painter 3" HPLC
MALDEFTOF
( pleurat abdominal connection, PAC)
, PAC
[43]
DNA
MALDFTOF™!  ESFQ TOF
fmol s

[3]

L6]
94

[50]
B

Silva ] A, Murphy G G.
nal lesson from Drosophila and A ply sia[ J] .
Bull, 1999, 50(56):441 442.

Rayport S G, Schacher S. Synaptic plasticity in vitro:

cAMP and memory: a semr

Brain Res

cell culture of identified Aplysia neurons mediating
short term habituation and sensitization[ J]. J Newros
ci, 1986, 6(3):759763.

Kandel E R. The molecular biology of memory stor
age: a dialog between genes and synapses[J]. Biosci
Rep, 2001, 21(5):565 611.
Sweedler J] V, LiL, Flody P, et al.

tric survey of peptides in cephalopods with an empha-

Mass spectr om e

sis on the FMRFamide related peptides| J]. J Exp Bt
ol, 2000, 203(23):3 565 3 573.
LiL, Garden R W, Romanova EV, etal. In situse

quencing of peptides from biological tissues and single
cells using MALDI - PSD/CID analysis|[ J]. Anal
Chem, 1999, 71(24):5451-5458.

Li L, Garden R W, Sweedler J] V. Single cell MAL-

/2007

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

31

s

DI: a new tool for direct peptide profiling[ J]. Trends
Biotechnol, 2000, 18(4): 15F160.
Salzet M, Salzet B, Sautiere P, et al. Isolation and
characterization of a leech neuropeptide in rat brains:
coupling to nitric oxide release in leech, rat and human
tissues|[ J]. Brain Res Mol Brain Res, 1998, 55(1):
173 179.
Morris H R, Panico M, Karplus A, etal. Elucidation
by FAB—- MS of the structure of a new cardioactive
peptide from A plysia[ J]. Nature, 1982, 300(5893):
643 645.
Cummins S F, Nichols A, Rajarathnam K N, et al.
A conserved heptapeptide sequence in the waterborne
attractin pheromone stimulates mate attraction in
Aplysia[ J]. Peptides, 2004, 25(2):185 189.
Susswein A J, Nagle G T. Peptide and protein pher
omones in mollusks[ J]. Peptides, 2004, 25(9):
1 5231 530.
Morishita F, Nakanishi Y, Kaku S, et al.
D-aminoacid containing peptide isolated from A plysia
heart[ J]. Biochem Biophys Res Commun, 1997, 240
(2):354 358.
Morishita F, Minakata H, Sasaki K, et al. Distribu

tion and function of an A plysia cardioexcitatory pep

A novel

tide, NdWFamide, in pulmonate snails[ J]. Peptides.
2003,24(10): 1 5331 544.

Kanemaru K, Morishita F, Matsushima O, et al.
Aplysia cardioactive peptide (NdW Famide) enhances
the L-type Ca® current of A plysia ventricular myo-
cytes[J]. Peptides, 2002, 23(11):1991-1998.
Morishita F, Matsushima O, Furukawa Y, et al.
Deamidase

inactivates a D-amino acid containing

Aplysia neuropeptide[J]. Peptides, 2003, 24(1):
45 51.

Giardino N D, Aloyz R S, Zollinger M, et al. L5 67
and LUQ-1 peptide precursors of Aplysia calif orni-
ca: distribution and localization of imm unoreactivity
in the central nervous system and in the pericardial

1996, 374(2): 30-245.

Innervation of the kidney of

tissues [ J]. J Comp Neurol,
Koester J, Alevizos A.
Aplysiaby L10, the LUQ cells,

J Neurosci,

and an identified pe-
ripheral motoneuron| J]. 1989, 9(11):
4 0784 088.

Phares G A, Lloyd P
ture, and neuronal localization of cerebral peptide 1
Peptides, 1996, 17(5): 753 761.
Lloyd P E, Kupfermann I, Weiss K R. Evidence for

the parallel actions of a molluscan neuropeptide and

E. Purification, primary struc

from AplysialJ].

serotonin in mediating arousal in Aplysia[ J]. Proc

Natl Acad Sci USA, 1984, 81(9):2 9342 937.

/8



[19]

[ 20]

[21]

[ 22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

E[S LRk
E VIEWS

Abrams T W, Castellucci V F, Camardo J S, et al.
Two endogenous neuropeptides modulate the gill and
siphon withdrawal reflex in Aplysia by presynaptic
facilitation involving ¢cAMP dependent closure of a
serotonirr sensitive potassium channel[ J]. Proc Natl
Acad Sci USA, 1984, 81(24):7 9567 960.

Fujisawa Y, Furukawa Y, Ohta S, et al. The Aply-
sia My tilus inhibitory peptide related peptides: iderr
tification, cloning, processing, distribution, and ac
tion[ J]. J Neurosci, 1999, 19(21):9 6189 634.

Xu Y, Cleary L J, Byrne J H.

characterization of pleural neurons that inhibit tail

Identification and

sensory neurons and motor neurons in Aplysia: cor
relation with FM RFamide immunoreactivity [ J]. J
Neurosci, 1994, 14(6): 3 5653 577.

Hall ] D, Lloyd P E. Involvement of pedal peptide in
locomotion in Aplysia: modulation of foot muscle
contractions| J]. J Newrosci, 1990, 21(6): 858 868.
Wang Y, Price A D, Sahley L C.
characterization of a myomodulimr like peptide in the
leech[ J]. Peptides, 1998, 19(3):487F 493.

Painter D S, Chong G M, Wong A M, et al. Rela

tive contributions of the egglayer and egg cordon to

Identification and

pheromonal attraction and the induction of mating

and egg-laying behavior in Aplysia[ J]. Biol Bull,
1991, 181(1):9F94.
Akalal D B, Nagle G T. M ollusk derived growth fac
tor: cloning and developmental expression in the cerr
tral nervous system and reproductive tract of A p ly sia
[ J]. Brain Res Mol Brain Res, 2001, 91( F2): 163
168.
Akala D B, Bottenstein] E, LeeSH, etal. Aplysia
mollusk derived growth factor is a mitogen with a
denosine deaminase activity and is expressed in the
developing central nervous system|[ J]. Brain Res Mol
Brain Res 2003, 117(2):228 236.
, Kim W S, . MALDFTOF

[J1. ,
2004, 28(5): 53-57.
Aloyz R S, DesGroseillers L. Processing of the L5
67 precursor peptide and characterization of LUQIN
inthe LU Q neurons[J]. Peptides, 1995,16(2): 33+
338.
Skelton M E, Koester J.
tion and neural control of the anterior arterial system

J Comp Physiol [ A ],

T he morphology, innerva-

of Aplysia californica|]].
1992, 171(2): 141 155.

Newcomb R, Fisher ] M, Scheller R H. Processing
of the egg laying hormone ( ELH) precursor in the

bag cell neurons of Aplysia[J]. J Bid Chem, 1988,

[31]

[32]

[33]

[34]

[35]

[ 36]

[37]

[38]

[39]

[40]

[41]

[42]

s

263(25): 12 51412 521.
Painter S D, Cummins S F, Nichols A E, et al.
Structural and functional analysis of Aplysia attrac
tins, a family of waterborne protein pheromones
with interspecific attractiveness|[ J|. Proc Natl Acad
Sci USA, 2004, 101( 18): 6 9296 933.

Painter SD, Clough B, Garden R W, etal.

terization of Aplysia attractin,

Charac

the first water borne

peptide pheromone in invertebrates[ J]. Biol Bull,
1998, 194(2): 120 131.
Garimella R, XuY, Schein C H, etal. NMR solur

tion structure of attractin, a water borne protein
pheromone from the mollusk Aplysia calif ornica
[J]. Biochemistry, 2003, 42(33):9970-9 979.

Fan X, Wu B, Nagle GT, et al.

of a ¢cDNA encoding a potential water borne phero-

Molecular cloning

monal attractant released during Aplysia egg
[J]. Brain Res Md Brain Res,
170.

Schein H C, Nagle T G, Page S I, et al.
Attractin:

laying
1997, 48( 1): 167

Aplysia
biophysical characterization and modeling
of a water borne pheromone[ J]. Biophys J, 2001, 81
(1):463 472.

Painter S D, Clough B, Black S, et al.

characterization of attractin,

Behavioral
a water borne peptide
pheromone in the genus Aplysia [ J]. Biol Bull,
2003, 205(1):1625.

Blankenship J E, Rock M K, Rohbins L. C, et al.
Aspects of copulatory behavior and peptide control of
egg laying in Aplysia[J]. Fed Proc, 1983, 42( 1):
96-100.

Bernheim S M, M ayeri E. Complex behavior induced

by egg-laying hormone in A p lysia[ J]. J Comp Physi
ol [A], 1995, 176(1): 13F136.
Chun JY, Korner]J, Kreiner T, etal. T he function

and differential sorting of a family of A p lysia prohor
mone is important because it has been shown to ir
crease the processing enzymes[ J]. Neuron, 1994, 12
(4):83F 844.

Nagle G T, Garcia AT, Gorham E L, etal. Molec
ular cloning and cellular localization of a furimrlike
prohormone convertase from the atrial gland of Ap lysia
[J]. DNA Cell Biol, 1995, 14(5):43F 443.

Gorham E L, Nagle G T, Smith J S
lar cloning of prohormone convertase 1 from theatrr
al gland of Aplysia[J], DNA Cell Biol, 1996, 15(4):
339-345.

Nagle G T, Garcia AT, Knock S L, et al.

lar cloning, ¢cDNA sequence, and localization of a pro-

, et al. Molecur

Molecur

hormone convertase (PC2) from the Aplysia atrial

Marine Sciences/ Vol. 31, No. 8/ 2007 95



[43]

[44]

[45]

[ 46]

E[z LRk
E VIEWS

DNA Cell Biol, 1995, 14(2): 145 154.
Ouimet T, Mammarbachi A, Cloutier T, et al.

gland[ J],
cD
NA structure and in situ localization of the Aplysia
calif ornica prohormone convertase PC2[ J]. FEBS
Lett, 1994, 337(1): 119 121.

Juvvadi S, Fan X, Nagle G T, et al.
tion of Aplysia carboxypeptidase E[ J].
1997, 408(2): 195 200.

Fan X, Spijker S, Akalal D B, et al.

amidation:

Characteriza-
FEBS Lett,

Neuropeptide
cloning of a bifunctional a amidating err
zyme from Aplysia| J|. Brain Res Mol Brain Res,
2000, 82( F2):2534.

Hummon A B, Huang H Q, Kelley W P, et al. A
novel prohormone processing
the Lewr Leu rule[ J].

1 398 1405.

site in A p lysiacalifor-
nica: J Newochem, 2002, 82

(6):

/2007

/

[47]

[48]

[49]

[50]

31

s

. MALDFTOF

n , 2003, 22(5): 1-3
Rubakhin S S, Page J S, Monroe B R, etal.

sis of cellular release using capillary electrophoresis

Analy-

and matrix assisted laser desorption/ionizatiorr time
of flight mass spectrometry [ J].
2001,22(17):3 7523 758.

Huang HQ, XiaoZQ, LinQ M, etal. Characteris

tics of structure, com position,

Electrophor esis,

mass spectra, and t
ron release from the ferritin of shark liver (Sp hyrna
zygaena) [ J]. Biophys Chem, 2004, 111( 3) : 213 222.
. MALDFTOF
Leu Leu [J]. ,
2004, 2: 23 27.

(A K Ltk 3R 35 47)



