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The relationship between structure and contractile activity was studied on the three neuropeptide y (mammalian-, bowfin-, shark-
NPy) that were synthesized by the solid-phase method. Circular dichroism spectra showed that mammalian-, bowfin- and shark-
neuropeptide y took an unordered structure in buffer solution and artificial liposome. The intestinal motility response was investigated
with guinea-pig ileum, rat duodenum and carp intestine. In case of carp intestine, contractile activity was as follows; bowfin-NPy>
shark-NPy>mammalian-NPy. On the other hand, the contractile activity of mammalian-neuropeptide y was more potent than those
of bowfin-, shark-neuropeptide y in the guinea-pig ileum and rat duodenum. These results suggest that NPy show the species-specific

activity,

Key words: fish neuropeptide 7, circular dichroism, contractile activity

A =

Tachykinin peptide® FZ322 C-%d9 -Phe-Xaa-Gly-Leu-
Met-NH, 9] pentapeptide® FFHSZ 7kA 3 912 (Kagstrom
et al, 1996), }FFEH T HFEEZEH substance P (SP),
neurokinin A (NKA) 2 neurokinin B (NKB) & ] &3] c}pst
tachykinin peptideZt ] = 21tk (Holmgren and Jensen, 1994;
Waugh et al, 1993; Tkeda et al, 1993; Conlon et al, 1991;
Schoofs et al., 1990). o152 AA WollM & o]g HAZFZ
FRANAANAY ¢87] 237 2HEFAG5Y A2 84S /1A
o (Zang et al, 1994; Takano et al, 1990; Takano et al., 1985),
olg|g BAHEL 593 FEAE AR Yepddn g3 F
o (Patacchini and Maggi, 1995). 7 SP, NKA9} NKBo| #4
39 Qe AFFY 784 (44 NKi, NKy, NKi)7F £75ol
Ztztof ti et subtyped] EAE ¥ H T (Burcher et al,1991). 9]
& FEAT guinea-pig HFT FE NK, #8471 &4 2,
rat A0 X Fell = NK, 28 2|3 rat mesenteric artery®] NK,
A7 24382 Ut d¥ XFFEY 4% (Kage et al, 19
88) 3 rate] ¥} A3} AW (Takeda et al, 1990) L 2HE Q2 ¢
tachykinin¢! neuropeptide y (M-NPy)7} ZA =31t} ) M-NPy
T 209 opukito g FAHo] Jlom, CcRdo] ojn=ztd
Helolz2 dF 72 d&# 2tk H-Ser-Gly-Ala-Pro-Gln-
Thr-Val-Pro-Leu-Gly-Arg-Lys-Arg-His-Lys-Gly-Glu-Met-Phe-Val-
Gly-Leu-Met-NH,. £8 goldfish (Carassius auratus)®} 3 (Conlon
et al, 1991), rainbow trout (Oncorhynchus mykiss)®) 3% (ensen
et al, 1993)227E ERFE #Fd9 MNPy} 23z 4

F4°l 2 NPy 88 £do] FAFH 289 4727 ¥
R}, A2 Ku et al (1997)& M-NPy, trout-NPy (T-NPy) %
goldfish-NPy (G-NPy) 9] 72 BE2 5 Z4o 88 a7
e Rsdch CD A7 93 H M-NPy$% T-NPre 43943
AFAAY FHNAM randomTZE HF3Fh 28U G-NPye
FFI4NA randomTZE 7HAY, 4 B AYAAE EA3
AN 2zt 7% 2 12% 9 a-helix® randomP &7} £} F2E
AU, £ guinea-pigd I FH ratd} Ho|A ] & +5
g4e MNPyl oF #e#lle T-NPy¢ G-NPyRT Egou,
carp intestined] W& % AL olF F#le GNPy} T-NPy
7} M-NPyEth E%th Goldfish$} rainbow troutdll A %5t ofy
2} bowfin (Amia calva, B-NPy)2 % (Waugh et al, 1995b)$}
hammerhead shark (Sphyrma lewinini. S-NPy)9l F# (Waugh
et al, 19952) S EXE X NPyt AAHK T 2Lt o]E B-NPy
o S-NPye] T2 49 F@dAd g A+ o3 Bud
v gl wetA E dFAME CD spectrag AHS-3te] @39,
4 2 AR AFAAM ©)E NPyES o|ATF2E A, o
¢ §4 Helolrg AREEd) U3 HEZ % EJE FA
oW AT T2 ARBAE Yolr 1A gt

ERTET

1. gdtajet
Hetol= gAol AHEE Fmoc-obolxAt XA ¢ Fmoc-NH-
SAL-resin, DMF, Piperidine, HOBT, DIPCI ¥ TFAT Watanabe
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Chemical Industries, LTD., Hiroshima®] A F% 393}, 1,2-Etha-
nedithiol, m-cresol® thioanisole® Wako Pure Chemical Indust-
ries, OsakadlA TFY#HH2H, eggyolk phosphatidylcholine
(EYPC) 9 egg-yolk phosphatidylglycerol (EYPG)< Sigma Che-
mical Co., St. LouisslA F<d 38ttt

2. HEEE

Carp (Cyprinus campio)® F73UGL 34 fojFon B¢
e B AF 600~800g) F-E AHESFAT WTF F& 20T
EFARY F2M 104 o €X & F 4¥) AT &

& 4¥89M= AF 250~300 g2l male Albino HartlyAl guinea-
pig™ male Sprague Dawleyl rat& Ar&3Igch A1&¢ B 12
A F712 4L 241209 FF AR AN PP

3. Neuropeptide y2 &4 % HF

M-NPy, B-NPy ¥ S-NPy< Milligen 9050 Peptide Synthesi-
zer® AHEEHA o] Ae Wy FUSHA Fmoc-Hdl wel gAst
Rom (Ku et al, 1997), o]E9 9% F2E Table 191 e
At

£A%2 JEOL SX-102A9) Fast atom bombardment mass spe-
ctra (FAB-MS)9l ¢}3] 24321, M-NPy, B-NPy 2 S-NPy9)
¥AFL 44 g3 2o M-NPy; base peak, 23207, CooHis002
NS, 232L1, B-NPy; base peak, 2495.6, CiosHis:N3s05S;, 2496.5,
S-NPy; base peak, 2517.6, CiooHis3sN3502S,, 2518.5.

4, Liposome2| =X|
Small unilamellar vesicles (SUVs)& o] ¢] dxuhis} 93}
A ZAFA (Park et al, 1992). SUVsE 44 4 2 44 A

o X

A2 EYPC, EYPC-EYPG 3:DE A4 ¢ Ad2 BEQd.

5. Circular dichroism (CD) spectra

CD spectra® 1 mm path length® quartz cell& AH-3l& JA-
SCO J-600 spectropolarimeter® ©] A9 Wil# FU3A A5
At (Park et al, 1992).

6. a2 M=

1) Carp (C. carpio) intestine

4yl FFUHE FUdle BRE HF F gastrointesti-
nal tract® HEIAHh 2F FHL 4% 15cm Lo)2 GHE
e}, ZAYHE L adipose & A AT ¥, longitudinal muscle
stripgs A8l AHg-3gch AHE# Ringer solution?d] EAL o}
<% 2tk (mM), NaCl 1008, KCl 2.5, CaCl, 2.5, KH,PO, 1.1,

Table 1. The primary structure of neuropeptide y

MgSO, 1.2, NaHCO; 250, Glucose 11.1.

o] &£H2 95% O,+5% CO, EF7/FLE EZHAY F T2

A A FAHAD
2) Guinea-pig9] 3%

Male Albino Hartly guinea-pig? decapitationdte] &5%5 3
A F B3 QFT ¥FE A3 longitudinal muscle st-
ripsS THEAT of Ao A48 Kreb's bufferd] 24L& &%
2t (mM), NaCl 1270, KCI 2.5, CaCl; 1.8, KH:PO, 12, MgSO,
12, NaHCO; 250, Glucose 100. o] $4& 37C2 AA A §A
AR g2 Y 23L& 2PN

3) Rat9] 4lo)AA

Male Sprague Dawley ratZ decapitationdte] 858 H7% ¥
A okl & FgZo2REH AoAFS AASFHT. Guinea-
pigd 33 FYF PYO 2 longitudinal muscle stripsS THE
ol 37CE FAHE WeFd 23& IAANHTL o Bz
AHS-8 Kreb's buffers) 24 933 2t (mM), NaCl 1187,
KCl 47, CaCl; 18, KH.PO, 12, MgSO, 1.2, NaHCO; 2438, Glu-
cose 10.1.

7. USLREY BE

Longitudinal muscle strip& ¥Hg-2 A F, 90% 5¢ A
Al A, resting tension©] 1.0 go] HEF 3}gich ol 15% HFo2
gzdg A FAL, $EE F437] B carbachot (5X
107 ME Z8E AT o) F FAE peptided 4EE
FTE-EH 02 TSR, carbachol (X107 M)l & 35
H3E 100% 2 o Ay £)2 Jeldor, ED, (A1 5
9 50%28 Jetd W9 $%) D Euu (FIL 5 %)2H 479

WS B

2 ot

1. CD oi7Z@n

8% 3T NPys9 oJATZE YotR7) 98 TES €%
9, F4A44 2 H4AA A CD spectra® 333 (Fig.
1). $3927894 MNPy, BNPy 2 S-NPye 200 nmolA
negative maximum$ AYE A FHQ random® 72 H3A
o (Fig. 1A). 54 2 244X4 2439 E 4d3 2E NPy
€9 random¥ T2 & A} (Fig. 1B and 10). °1E 3% 5
o BEAEL A e 2UHGN EFAAHA F2E U
A% CD spectradoll A F2te) Aol& BEch Iy ol g W
3% CD ARUo2E Yol BFEHAUL

M-NPy Ser-Gly-Ala-Pro-Gln-Thr-Val-Pro-Leu-Gly-Arg-Lys-Arg-His-Lys-Gly-Glu-Met-Phe-Val-Gly-Leu-Met-NH,
B-NPy Ser-Gly-Ala-Pro-Gln-Thr-Val-Pro-Leu-Gly-Arg-Lys-Arg-His-Lys-Gly-Glu-Met-Phe-Val-Gly-Leu-Met-NH.
S-NPy Ala-Ser-Gly-Pro-Thr-Gln-Ala-Gly-lle-Val-Gly-Arg-Lys-Arg-Gln-Lys-Gly-Glu-Met-Phe-Val-Gly-Leu-Met-NH,

The common sequences were expressed as bold-face.
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Fig. 1. CD spectra of M-NPy, B-NPy and S-NPy in TES buffer (A), in the presence of EYPC liposome (B) and EYPC:EYPG (3:
1) liposome (C) : M-NPy (O), B-NPy(A) and S-NPy(W).

2. HEASZREH

M-NPy, B-NPy 2 S-NPydl ¢t #a5508E dolrr] 9
34 guinea-pig®] A rat®] HolAY R carpd FEE A
dto] 4 2L At 15y F#o) g B-NPye AFAHY
24L& Fig. 290 YERAT B-NPye 1072 MolA 107° M
A BAHAR £& w2 FE JEHo2 FUAY. =3
M-NPy$t S-NPy¢] 734l sloiX s B-NPyst fAMSHA 5% 9
Z3 928 B9 (data not shown). o] &g ¥ A= carba-
chol® Ho ¥gL 100 %2 3t FNHA £2 % ZA UE
WodEd, guinea-pig® 313l 3 NPyEY 7z & JAL
Fig. 3o} Yehiich

Guinea-pigd 3314 B-NPy9 S-NPy7t 107 MAIA 125%,
18.1%9 % 4% Yo, M-NPy= 107° MolA 28.14%

W 2 min

1.0 g{ Mﬁam M‘ . r\

—

lo—mT 1'10-9 . 10°® 1107 T10°
(8) -

lo—mT T10-9 TlO's i 107 1 107
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' 1
el ho? T Ty 10°

Fig. 2. Typical tracings illustrating the contractile response of
the carp inestine (A), guinea-pig ileum (B) and rat
duodenum (C) to B-NPy. Each arrow represents the
B-NPy applied to the smooth muscles. The unit is mo-
larity.

% 84S Jer] AFste Tt $7H3e) wel NPyol
& Frhetdoh

Guinea-pig® 373 tld NPyE<9 EDs#9 Hlud &% &
Y& M-NPy>B-NPy>S-NPy9 #olfout, A Aoje Ho|
A & (Fig. 3).

Fig. 4% rat 403 t# NPyEY T & FHoT M-
NPye 1071 MM oF 44% ¢} HX e Jed o, B-NPys} S-
NPyE 107 MAlX Z7 474% 9 713% 9 94Age Jeyd.
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Fig. 3. Concentration response curves to NPy series induced
contraction in the guinea-pig ileum : M-NPy (O), B-
NPy(A) and S-NPy (lg. Contractile effects were
expressed as % the maximal response to carbachol, 5
X107'M. Each point represents the mean ts. e. for
4 experiments,
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Fig. 4. Concentration response curves to NPy series induced
contraction in the rat duodenum : M-NPy (O), B-
NPy(A) and S-NPy(M). Contractile effects were
expressed as % the maximal response to carbachol, 5
X107’M. Each point represents the mean * s. e. for
4 experiments.

EDso#k9] Hlao] 9§ #32 M-NPy>S-NPy>B-NPyo| 2L,
M-NPy, B-NPy ¥ S-NPy¥ E... &< 27} 121 £ 1.5%, 142 £33
% 2 1351 146% S VERT,

Carp intestine®] 1o} NPyEd 93 fxd& 7 & F
& Fig. 59 JER At M-NPy, B-NPy$} S-NPy 107° Mol A
A gE e, EDs#td] Hlel 9§ £¥ B-NPy>M-NPy
>S-NPyd] &olth. Z+ Zd 239 thd EDso#t ¥ Emen®t 2 Ta-
ble 29 YEPHT EDso# 22 HZ & ™, guinea-pig B ratol
e MNPyt 22 2.1X107° MF 39X107° MZ 714 &35
o)t #¥ E,d A$E & ZFo) g3lH A xlojE B
olA &Ftrt.

]

i

SP, NKA9} NKB ¥ NPyE T &3 tachykinin peptides=
A Wl EA3Y BF o), HEZ 57 dF-AYGuS Fe
#4< AYz ldx 28 A A9 (Uchida et al,, 1987; Minamino
et al,1984). HZ o] g Ay &4 Helo|=9] T2 G A
BBAE golB7] 98 o] Helol=g} I FEAYY FT
A&l g 947t g23] APHo 23 Yot (Siligardi et al,
1994; Woolley and Deber, 1987; Erne et al, 1986). SP= &34
Z738 A random¥ T2E FIAT, trifluoroethanol (TFE)
ZE AFAZE EAFAN FEHLZ ghelixT2RE AT B
1A (Williams and Weaver, 1990; Woolley and Deber,
1987). =& Ku et al. (1997)9] CD A olstd, G-NPy= &
ZH 4N A randomT2E HIAAT 47 44 AFA AL
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NMe 47 7% 9 12% 9] g-helix® T3} Qv 72E IS
g Badd o e 435 A &4 Heol=d EAs
€ FAseG AZA Ao EAde SAHTY FAAHI 4%
Zgo o X0 Z FRo Yol dodle Ag AN
2 dFAA AHEE oF F#: e NPyY B-NPy$t S-NPyY o3}
TZE GotR7] 93 CD spectrag AH3t] ALY (Fig.
1), #F 424 M-NPyE AH&3t4ch €39 208N M-
NPy, B-NPy ¥ S-NPy= randomT™ZE QX (Fig. 1A), 34
2 AAAe 2A%NAE o]E NPyEE randomTEE 94
&} (Fig. 1B and 1C).

o8¢ ojatzIt &5y 2 ATAAYL EAsA FHE
FZ9 o7t YA e ALoE ujFo| Hol o 3FHY
NPyoll 2350} gle Fdste} AAA9) A3zt HA7HA
A5Fgo] T2 Wl 9FE 3 gevde A& 3% #
A%t E AFANA AHSF 3579 NPye CD spectra ol A
oF7te) AolE HYAW CD Aozt ogF 72 wHile
o] BrbFEHh

ojdel el &3, M-NPy%t T-NPye €59 % 9342
9t 22389 randomT2E UeddE Ao WIFo FT-
RS 0|88 FFAM F4AE 2 A4AA 213 M M-NPy
7t T-NPyEY 72 2 loopEde o Bo] #43tx gidx
B2 (Ku et al, 1997). B4 M-NPy, BNPy 2 S-NPy9)
CD spectra® 43te] #Wde BTZ F loopd g i3
Aol o3 7]Ad R #oh

T3, NPyES T2 HEZ 3% G40 F3BAE Lo}
7] 98 oJf dYEES o83 FB £35 AL A}
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Fig. 5. Concentration response curves to NPy series induced
contraction in the carp intestine : H-NPy (O), B-NPy
(A) and S-NPy (W). Contractile effects were expres-
sed as % the maximal response to carbachol, 5X1077
M. Each point represents the mean £ s. e. for 4 expe-
riments.
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Table 2. EDs and Emax of M-NPy, B-NPy and S-NPy indu-
ced contraction in the guinea-pig ileum, rat duode-
num and carp intestine. Each value is from 4 experi-
ments.

Guinea-pig ileum  Rat duodenum  Carp intestine

EDSO Emax ED50 Emax EDSD Emax
MNPy 21x107 (19 s9x10 (JB sexi0 [
BNPy 24X107° (133 22x1070 8 70x10m Q)
_ - 130 s 135 s 137
SNPy 28x10° (3% sox107 ([3% sixiom 3T

Number in parentheses are standard error.

At (Table. 2). NK, F4A7F SAM8A &A3 guinea-pigs
3%l M-NPy?} B-NPy$} S-NPyRE T} $-413 EDs @S 2%
O}, Bt A% B-NPy7} 24 Ueldth NK, 5847} 93
EASE rat AolA B¢E M-NPy7t olf fr#9 B-NPyst
S-NPyR ™ EDso#t ¥ En.@tol ®A Yeistch #8H M-NPydl
)3 #5842 guineapigd IFH rat YolAW 2 7
XTI e FEA7 dgdE E7sn A 207k 9
. o8 ZF#ES M-NPy7F NKF44 9 NKFEHE A+
o] 84E JeEdtE Raman et al (1994)9] 2319} T{HF
Zgel t3 M-NPy7} T-NPy ¥ G-NPyEth 4°] #A Jehd
Ku et al. (1997) 9] 97 Az dXgg vehdet, =3, ol
HAHEL M-NPy7F off fee NPyEEY rat®h guinea-pigd
ZBGA NK, ¥ NK, #8444 dis] 2 A4S Yepd e
A A gk,

Carp intestine® NK, agonistd] SPol & 3% €4& Je
oty B399 (Kitazawa et al, 1988). Z1&v, E&F F3
oA NK; #&AM7t &gt Y ¢eld guinea-pigd A7
Hla g W EDsot ¥ 3719} EnandkS) ZAZ 849 A7I7F 9
gkt}, o]RoZ W Fo] Ho} olntE carp intestines] EA e
NK, #&A€ ERF EA3te FEA%E TE subtypel2
EAste R 2o

Carp intestined] W& NPyE9 #ZEA49 24 Zd 9
39, °oF ##9 NPy} M-NPyol ujs gi3oz g
#4% 24t Carp intestined] e o7 23 NPy 84S
A% Ku et al. (199709 274 9&H G-NPy%} T- prsl %‘
do] M-NPyET £ vdelgch &, BEFOZ helixT2
§ate carpot 7HE s 7i7HE goldfishr 28 2| G—NPyQ} ‘4
S02 At 7MAE Aol A= T-NPy7t carp intestine®]
el 5 £5EAHE el o)Az nFo] Bop carpt
A3 Mg 7445 A degs ¢ + AR (Table.
2). G4 old g AAEL F-5olF BHE UEES AT
. £ A7 Z#S Ku et al. (19979 AHAEEZ r]Fo] Ho} o
Fo ZAse F4AE F2H LR helixT2E #3= G-NPy
EolFQ w&E YU AY Te LR FA EA3E NK,
F&AGE dE FH 9 subtypedl EHEH £ 93 Dozt
A 24,

i)

e K Rk 3 R A B

LR LR S

e ¢

Tachykinin peptide®] Tz A& GA7te] 4BAAE A}
7] A8 LAHeE G ofF freal9l neuropeptide y (Ma-
mmalian-, Bowfin- 123 Shark-neuropeptide 7) & AH&-3}%
o o5 )& F2E Lolr 7] Y3 circular dichroism (CD)
£ o434t CD 47 29 BEW, mammalian-neuropep-
tide y, bowfin-neuropeptide y$ shark-neuropeptide y& %3
A7 AFAEY 2AFAA randomTFE YA =
°l€ neuropeptide Y9 A& i £ A& A7 93
guinea-pig® 3%, rat®] AolAZ7 carp intestined AHE-3H%
t}. Carp intestine® %] bowfin-neuropeptide y>shark- neurope-
ptide y>mammalian-neuropeptide Y& 22 &4 o) Yelgth 1
Hu, guinea-pig HAF rat Yo|AFo] sl A4 mammalian-
NPy¢] 849] o|% ##¢l neuropeptide yE 2T A vhehit
o}, o] &3 AH}EL neuropeptide 7t F-501F U 48 e
HE A

7I-A].

[=]

]

|:1l—
=

il}s

B dF7E 19969 % ZHE _}g T2 (A8 G35} of

oetel drHMFHG. ool FA=HYrh
1 & ¢
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