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The relationship between structure and biological activity was studied on the three neuropeptides
(mammalian-, trout- and goldfish-neuropeptide y) that were syntheized by the solid-phase method. Circular
dichroism spectra showed that mammalian-, trout- and goldfish-neuropeptide y adopted an unordered structure
in buffer solution. In the-presence of neutral and acidic liposomes, mammalian- and trout-neuropeptide v also
took a random structure. However, goldfish-neuropeptide 7 took an c-helical structure in acidic liposomes. The -
intestinal motility response was investigated with carp intestines, guinea-pig ileums and rat duodenums. In case
of carp intestine, contractile activity was as follows : goldfish-neuropeptide y~ trout-neuropeptide y>
mammalian-neuropeptide y. On the other hand, the contractile activity of mammalian-neuropeptide y was more
potent than trout- and goldfish-neuropeptide 7 in the guinea-pig ileums and rat duodenums. These results
suggest that neuropeptide ys show the species-specific activity.

Key words : tachykinin, neuropeptide 7, solid-phase peptide synthesis, circular dichroism, contractile activity

A 2 chus mykiss) 2 hammerhead shark (Sphyrma lewinini) )
A #, bowfin (Amia calva)) 1256 AR 742 1
Tachykinin ¥/ EFO] =& 1931 von Euler and Gaddum £} 93727 $E A (Jensen et al, 1993; Waugh et
(19319 &) Hxe ¢AY AAA Deoj=y A D al, 1995a; Waugh et al, 1995 b). EF572) NPyst o179
0 220776 BAN A EAFY, o] @ tachykinin - NPyz+e] ofv]dt A& H|ZHBE goldfish-NPy (G-
#elo| =& substance PS HZXE 39 neurokinin A, B NPy)$} trout-NPy (T-NPy)€ mammalian-NPy (M-NPy)
7 ZHEES wRdY 27 SN 2 JF2HE % 9 % 57%, shark-NPy 2 bowfin-NPre ¢ 50% 9} #AH
AGQ0w (O'Harte et al, 1991), o]5& C-Zdof 571 4L 7[A gich o]el¥ M-NPy(mammalian-NPy)€
o] B2 BE o} (-Phe-X-Gly-Leu-Met-NH;)  NKi, NK; 447t FAlo} EA3E rat HojA% ] of
& 74At} 84 substance P (SP), neurokinin A (NKA) 8] 28 £284& YUAAT, B8F 5|4 o3
2 neurokinin B (NKB)ol #4540l 9= Al 259 & #8A A 94t} (Rahman et al, 1994). & & 43
#4 (212 NK, NKo, NK, receptors)7t g5 5lel, 42l $8o A9 32 $534 3 474 Neyel et A7
N subtyped] EAE WAHT (Maggi et al, 1993). ©) £ A9 AR Fejoln NProl AP Q724 A+
o P (PBYYS Ao gal P $5244¢  o}F Hugol AR ¥k 2HEE B IFANE circu-
vehye g8y 2 BuEA 59 g3e 444S  lar dichroisin (CD) spectra® AHEE &34, 34 B
7+t (Osakata et al, 1986; Murry et al, 1987). AQAAAN G A FF7 NPyE9 o)ATZE
E79 2% (Kage et al, 1988)7 rat] ¥ T 283  ZA3tz, okgy A Aelo|=9 843 72
7o 2R (Takeda et al, 1990) ohvx4t 2142 74 4% FAE Goluax Foh
3 C-uehe) opn)=3tE A2 tachykining neurope-
ptide y (NP7t BAH AL £ TRFE] NPyst 7 NE 9l e
z2202 {AE tachykinin®} goldfish (Carassius aura-
tus)2 ) (Conlon et al,, 1991), rainbow trout (Oncorhyn- 1. LeiAe}
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Hepol = FAo AHSE Fmoc-obrl:=d FEAQA
Fmoc-Ala-OH, Fmoc-Arg (Pmc)-OH, Fmoc-Asn (Trt)-OH,
Fmoc-Asp (OtBu)-OH, Fmoc-Gln (Trt)-OH, Fmoc-Glu
(OtBw-OH, Fmoc-Gly-OH, Fmoc-His (Boc)-OH, Fmoc-
Ne-OH, Fmoc-Leu-OH, Fmoc-Lys (Boc)-OH, Fmoc-Met-
OH, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser (OtBu)-OH,
Fmoc-Thr- (OtBu)OH, Fmoc-Val-OH% Fmoc-NHSAL-re-
sin, N, N-Dimethylforamide (DMF), Piperidine, 1-hydro-
xybenzotriazole (HOBT), DIPCI ¥ Trifluoroacetic acid
(TFA)= Watanabe Chemical Industries, LTD, Hiro-
shima®lA 743t 1,2-Ethanedithiol, m-cresol#
thioanisol& Wako Pure Chemical Industries, Osaka®l A}
T892, egg-yolk phosphatidylcholine (EYPC)$}
egg-yolk phosphatidylglycerol (EYPG)+= Sigma Chemical
-€o.,~St.-Louisel™ TA3FSiTH,

2. HESE

Carp (Cyprinus carpio)= R7USR H& %o FolA
Bopure HAAZE 600~800gY XFE AHL3Isic ¥
F5L 20T £8P £20A 15Y o)A AT &
Yo o] &3 EUE AFPME AF 250~300g
] HartlyAl &4 guinea-pig®h WistarA &4 rat& AH$-
St A2 B 124 V12 de 244209 FE
AHS Ao A 3t

3. Neuropeptide 712 &A1 %A A

M-NPy, T-NPy ¥ G-NPy= Milligen 9050 Peptide Sy-
nthesizerS A3t Fmoc-NHSAL-resin.® 2% € Fmoc-
Yo gt §Asgd BE 379 resing AAF
9]3te] 2413t 5¢F TFA/thioanisole/ethanedithiol/m-cre-
sole (20:5:3: 1) AT F, oA Helol== 10%
Z44o] &A1 A ALAA Sephadex G-25= HA T
% 01% TFAE #4#3lc water-acetonitrile®l gradient
system22 HPLC (a Waters 600 system with ODS co-

Table 1. Program for solid-phase peptide synthesis

At SUVse

lumn, 39X300 mm)& U obvx=At 4L Jasco
HPLC amino acid analysis system&2 #3301, 110C
ol A 24417 -9t 57 M HCIEA HElo| =8 Jl-Ra g
B FP-210 spectrofluorometer24 £33 %l

AL JEOL SX-102A9] Fast atom bombardment
mass spectra (FAB-MS)o 23] dAHHoH, M-NPy,
T-NPy ¥ G-NPy9] FAB-MS datac Z+Z 23 2t} !
M-NPy; base peak, 2320.7, CHiss0NuS, 2321.1, T-NPy;
base peak, 2383.8, CisHis0::NssS, 2384.1, G-NPy; base
peak, 23679, CiHis0xNssS, 23681 AL A
A Table 19 eEpt, '

4. Liposome2| =X

Small unilamellar vesicles (SUVs)+= th2-3 o] ZA]
2zt 34 2 AYAF2ZA  EYPC,
EYPCEYPG (3: D2 ZAE Az TEQ, dA4
(20mg, & 25 mmol)$ CHCly/MeOH®l *°]3, conical
tube WA A2z AxAZAD Axd JAZL Kaijo
Denki ultrasonic disrupter model T-A-4280& AM&3}4
50Co A 3083t whE3le] wukd ¥, 150mM NaClol
X" 5mM TES (N-Tris (hydroxy- methyl)methyl-2-
aminoethanesulfonic acid) €% (pH 74) 2mlE %o
88 CD FA A&t

5. Circular Dichroism (CD) spectra

1mm pathlength®l quartz cell& AM43e JASCO J-
600 spectropolarimeter2 CD spectra® 23 3%t} Spe-
drat 150mM NaClo] £8€ 5mM TES ¢354 (pH 74)
4 94 100mMe] Heol=z2 FFFAG. T4
AZ EYPCS A4AF< EYPCEYPG(3:1) lipo-
some EA)3]A HWEll=E 09mM phospholipid lipo-
someS X3 5mM TES €59 (pH 74)9 £34)
7}, g-helical &%= Pouny and Shai (1992) 9] #4 &
g3t 9] Ho 2Ry A

Reagent Operation Mix time/min

1 DMF 3XWashing 3

2 20 % piperidine/DMF 2X Deprotection -3
1XDeprotection 20

3 DMF 6XWashing 1

Fmoc—amino acid

4 HOBT (2.5 mmol equiv each)/DMF mix

5 DIPCI in DMF Coupling 90

6 DMF 3X Washing 1
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th= ( {0122 — [0](2)22) / [0]%029

[0k, A A2 HoJA H residue;[0]°2% [0
© 242t 222 nmol A EAE 0% 9 100% 9 helical
2 (2,0007 30,000 deg - cm?® - dmol D¢ Ftolt}

6. Longitudinal muscle preparation

1 Carp (C. carpio) intestine

dole FFAUEE AU BRE AAY F gast-
rointestinal tract® H&3 Ak HZHL 42 15em
Lol d¥E BF, A9 A oM ANz S A
A3 longitudinal muscle strips& WA WAtk AL
Ringer solution®] ZA4& &3 #o: (mM), NaCl
1008, KCI 2.5, CaCl, 2.5, KH.PO, 1.1, MgSO, 1.2, NaHCO
3 250, Glucose 11L1. o121 &4L 95% O, + 5% CO,
EF7t2E TP -F 20C2 QA fAEG

2)  Guinea-pig ileum

Albino Hartly guinea-pige decapitationdte] 2% & 3
Me 3 B AP ileumE BHE ¥ longitudinal
muscle strips& TETH o] ZHZH o ALEF Kreb's
buffer®] £4& o33 2ot (mM), NaCl 1270, KCI 2.
5, CaCl, 18, KH.PO, 1.2, MgSO, 1.2, NaHCO; 25.0, Glu-

Aed - HUE - 3] RS

A9 - it

cose 10.0. °f €42 37C2 YAFA FAA A2
bath Wl £3& nPA A}

"3) Rat duodenum

Albino Winstar ratS decapitation3te] 32 g
T 9% ol RGO RE Yo AZS AHF,
Guinea-pig ileum™ 22 WHOZ longitudinal muscle
stripss TE0] 37CZ #A ¥ organ bathol 23L& 1.4
Al o] & 2o A3 Kreb's buffers] 4L
953 2t (mM), NaCl 1187, KCI 4.7, CaCl; 1.8, KH,
PO, 1.2, MgSO, 1.2, NaHCO; 24.8, Glucose 10.1.

organ

=

7. B FE Y

3255 48 A organ bath Wl carp, rat 2
guineapig® A#ZFHE ofHZRYL A ¥ AN
7131, $1%29L myograph force transducer (Narco F-
60, Narco Biosystems Inc, U. S. A)ol dZ3lgdh 10g
9] resting tensionS A1 1413t §4 A2 muscle
stripsdll HEfO| =8 Fojst At Me F 2087 o
ANNAL, $E98L cholinergic receptor agonist$!
carbacholol]l W& AHAHY F+&F %24 Yehglon,
EDs (-Logl31 %9 50%% uehd d9 Fx)Dy
Emax (3245 %)ZA Hwsgd.

Table 2. Amino acid compositions of synthesized M-NP, T-NPy and G-NPy in 5.7N-HCI

Amino acid Mammalian-NPy Trout-NPy Goldfish-NPy
Asx 13(2) 18(2) -
Ala 10(D) 101 28(2)
Gly 23(3) 1.0 (1) 12(1)
His 18(3) 1.0 (D 14 (D
Glx 06 (1) 06Q1) 11Q1)
Tle 06 (D 18(2) 26(2)
Ser 20(2) 24(3 23(2)
Lys 1242). 18(2) 28(2)
Arg 05 (D 1.6 (2) 25(2)
Thr 0.7 (1) 08(1) 11 (D
Phe 06 (1) 05 (D 1.2 (D
Val 0.7 (1) 09 (D 14 (1)
Leu 0.7 (1) 09 (D) 14(D
Met 00 (1) 00(1) 00 (D
Pro - 1.0 (D) 1.0 (1)

Acid hydrolysis was performed 6N-HCI at 110C for 22 hr in the presence of 2% phenol. Number in parentheses

are theoretical value.

Table 3. Amino acid sequences of neuropeptide y series

Mammalian-NPy
Goldfish-NPy
Trout-NPy

Asp-Ala-Gly-His-Gly-Gln-Ile-Ser-His-Lys-Arg-His-Lys-Thr-Asp-Ser-Phe-Val-Gly-Leu-Met-NH,
Ser-Pro-Ala-Asn-Ala-Gln-Ile-Thr-Arg-Lys-Arg-His-Lys-lle-Asn-Ser-Phe-Val-Gly-Leu-Met-NH;

Ser-Ser-Ala-Asn-Pro-Gin-Iin-Thr-Arg-Lys-Arg-His-Lys-Iin-Asn-Ser-Phe-Val-Gly-Leu-Met-NH,
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4 B

1. CD 914

A s FAE Aetel=gd ofvle iz
< Asy) & opnke i A O A9} o] E
X7h & A A2 (Table 2), opv] x4t L& Table
3o Uethich 4T Al FFY NPred oAbt xE
Qolx 7] A8 TES €39, FHAE ¥ A2

247

A CD spectrume 39 (Fig. 1).

TES ¢354 A Al F79 Aetol=c EF 200
nmo) A negative maximumg AU AYHQ random
wil FEE FAd (Fig. 14). FHAAFHYA T MNPy
2 T-NPy= 943 random +%& FF 28 G-
NPy2l 3% M-NPy 2 T-NPys} €2 222 nmell A <7t
W3 E HAN, GNPy o-helical F7F2 o 7% oI

4 (Fig. 1B). 4, 2414 s M-NPy 2 T-NPy&

1 7 1
B
o <.l <
5 © 0 © 0
~ g E
E s o
g £ g
s < T
2 : 2
» »
3 — 3 T T o -3 -
200 220 240 260 200 220 240 260 200 220 240 260
Wavelength{nm) Wavelength(nm) Wavelength(nm)
Fig. 1. CD spectra of M-NPy, T-NPy, G-NPy in TES buifer (A) in the presence of EYPC liposomes (B) and

EYPC-EYPG (3 : 1) liposomes (C). M-NPy (@), T-NPy(A), and G-NPy (O). Peptide and lipid concent-

rations are 0.1 and 1 mM, respectively.

w 1_min
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Fig. 2. Typical tracings |IIIustratmg the contractile
response of the carp intestine (A), guinea-pig
ileum (B) and rat duodenum (C) to neurope-
ptide 7.

120
100 |
80 -
60 -

40

Relative contraction(%)

20 +

r T T T 1
10 9 8 7 6
-Log [peptide] (M)

Fig. 3. Concentrationresponse curves to neuropeptlde
ys (NPys) induced contraction (n=6) in carp
intestine: M-NPy (@), T-NPy(A), G-NPy(O).
Contractile effects expressed as% the maximal
response to carbachol, 5X1077 M
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Fig. 4.

Relative contraction(%)

Fig. 5.
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Concentration-response curves to neuropep-
tide ys (NPys) induced contraction (n=3) in
guinea-pig ileum: M-NPy (@), T-NPy(A),
GNP (O). Contractile effects expressed as%
the maximal response to carbachol, 5X107°
M.
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o

Concentration-response curves to neuropep-
tide ys (NPys) induced contraction (n=6) in
rat duodenum: M-NPy(@®), T-NPy(A), G-
NPy (O). Contractile effects expressed as%
the maximal response to carbachol, 5X1077
M.

RAE7) - g - BAL vt

Sza3 FAAANNYG A F2 randomP FE
2 Ao, GNPy a-helixd 233 5421 205 m}
222 nm F29) A double minimumeS eI (Fig. 1
). 283, AA )¢ G-NPyel g-helical T+ F&
o 12% 2 FAAARY ghelical o] ZHHAU,

2. T gy A7

Carp, guinea-pig % rat¥] &) & M-NPye] &
A #2442 Fig 201 JEMATE M-NPy= carp
2 guinea-pig?] Z3 o tidtd 107° Mol A GAFEE Y
ERf2le ), rat duodenumol A= 107 Mol A g 3k&
et 2E NPye 10° M7HA Fo89 3 354
$& FEYEH o FUEUY. oA WS AIE ca-
rbachol®] FHJuHS& 100% 22 3o AhHQ £ %
o2 YA ed carp A3 A3 NPyEY F&9
&34 Fig 39 JepiATh

Carp Z % thal M-NPy 10° Mol A 412%, T-NPy
2 GNPye 107° MoARE 247 116%, 244% 9]
2% Jehly] AFse X7t F7Hgel weEl NPyd
F&u$2 Z71890 &, EDs, &€ GNPy > T-NPy
> M-NPyel A2 oF4 NPyt THFS M-NPyRoh
H A% £5E84& Yt

Guinea-pig ileum®l 9104 NPyoll &3] fE=He F%
&2 ML Fig 49 Yepddch MNPy € T-NPy9] &
2242 107° MoA #47t 28.1%, 204%°192H, G-
NPy 1078 MA 77.1% 9 $5& Jehl7] Al #so
Fx7t F71stel wel NPy 52 7S
Guinea-pig ileum®ll th3 NPyS9 EDw@t2 carpd 3%
9= g2 M-NPy> T-NPy ~ G-NPy®) &AM gtk

Fig. 55 rat duodenum®] W& NPye F=EF40|
o}, Ratol A& M-NPy > G-NPy ~ T-NPy9) &0
vhg-o] VEltth MNPye 107° Mol A 93]gks e
ey G-NPye 107° MM ¢ 5%, T-NPre 107°
Mol < 16% 9 IRz JErAT 4 FE 23
& EDs 2 Emax #& Table 491 UeRl 1t} EDs &
2 Bz e o carpilME GNPy}t 36X107° MEA
714 BAo] Holygon, guineapig ¥ ratlAE M-
NPy7} 21X107° M, 3.0X107° MZ 73 &E3A gtk
98, Emax? 3%, olF A doNe 28R &
A Fole gloy oFy Féd dFMeE oFA
NPy7l, 4% A#d doMe EHFA NPy7b 22
TAE YehRA
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nl &

#HZ hormone H{Eto|=e iy F2-8ATY] 4ad
Ao g A7t gwd AP 1ok (Williams and
Weaver, 1990; Rolka et al, 1986; Wu and Yang, 1983;
Woolley and Deber, 1987; Schwyzer et al, 1990; Young
et al, 1994). CD ¥ Raman spectrum¢] 2J3}%8 Sp= ¢
9 2A3oA random FEE HIAAT trifluoroetha-
nol (TFE) Ev AR EAgdAe FEFOE ghelix
FZE F@d, oy@ F2IWde £4A9 SPHY
B354 wetel Ao FaF 48 B9
I Jdi AR,

TZHo2 {As M-NPy, T-NPy 3 G-NPy7+9] o}y
A A A5A4L ZAE A, o8 A F9 tach-
ykinin& %} 57% FAHES B Table 39014 vebd
e} o] C-2ddolAe ofmkit X o] & HEFHo]
ot N-oretel A ¢k7he) stE JhAT. o] @ sk
AZEAEH SdANA nsE 9 FAsto] 7dd A
29, geA ol Al T/ oATRE ZAE] 9
CD spectra® AH&-3td &3, 4 2 AR A3 A
359 F2ESE 384 (Fig. 1A~C). M-NPy ¥
TNPye A9 2& #7438 94 random +2& A
aEh} GNPre 44334 M-NPys} T-NPysh=
g2/ 222nm F2AA 4o WstE JehfAon
o] 2 & random¥ TREFE ZEAH a-helix2 W3
g v g 38, J8AASNA GNPye a-helixd
AY 9 £ 205nm, 222 nmlA double minimum$
YeEh L, & 12% 9 helix §7F S JeRd. o3 %
A% g vlFo] Hol MNPy 2 T-NPy= ZE X7
A random¥ TZ2E Fstn, A2} FA7H R 254
B34 g% T2Hde dojuA g A 2o
3 GNPy= FAAANARTG AR AANA g-helix T
2% gA3e vYo| FUHAY Qi ojdd 7=

A W3l A4 XA negative charges} G-NPyoll &4
3% positive charge?td BA7E F3Fgo] 2A %
&3 Qltte A& ¢AsE lg. Chou-Fasman'd
(Chou & Fasman, 1978) & A14-3l9 G-NPyY o|A+42 &
A A3} GNPy 5~1499 PP} E0] ghelix®
HE 7FsAol 9 verth (Conlon et al, 1991). &
A FAAAs A G-NPyel FZA M3 Chou-Fas-
man®} &l 4% A} REHoE X PG A
& Yl

Helol=4,,  Ac- (L-Leu-L-Ala-L-Arg-L-Leu)s-NHCH,
& FAA a-helical TZE FH3W, FHEHE AR
4714 29 fetol=o|tt (Lee et al, 1986). o-helix
breaker2 3 %2} prolines 4,9 2% $X), 2913 61
A2 R 2, 6 1084 X A/F F=AE T3t
oja} el ¥3l ¥ FFEAHEL #FT AH, Pro4d
o729} BAL 4,9 IAEH FASALH, proline
8 £7} Z7ESFE ghelix T3 G780 FaH
At (Park et al, 1989). ol2|@ A#A=E wlFo] Ho} *
Pro-4;9) 3% A8 ¥ prolined o-helix F49 9o helix
breaker2 &43A e AL ¢ 5+ U £ 47
oA AL Al 79 NPyel SlolA, G-NPystol AHA4
AAso) A BEAHQ NPyel N-Z@9 ool NE&
Hlas By ogd g $4 M-NPye N-29 394
2 sHA Ao glycineol, T-NPye 5 A9 pro-
lineol, G-NPy= 2HA A9 prolineo] EAgel oA
B84 G-NPye] uls] M-NPy= N-Zete] helix breaker
9 &7t gon, £ T-NPye N-UQe FYHE
proline®] E£A3}7] W&o M-NPy 2 T-NPy= G-NPy:
o ahelix B FHo £ A Al gehA 4442
oA F23 wsle NI9Y 990 23y 98¢
32 e A 2 ol Zo] GNPyt & F NPyl
U3 g-helix T2E #3}7] &oldtthe AL Park et al
(1989)9] A72Fg 4 Ag & Aok

Table 4. ED50 (95% confidence limits in brackets) and Emax (expressed as % of the maximal response to ca-
rbachol, 5 7} 10-7 M) of M-NPy, T-NPy and G-NPy induced contraction in the carp intestine (n=6),
guinea-pig ileum (n=3) and rat duodenum (n=3)

Carp intestine Guinea-pig ileum Rat duodenum
EDs, Emax EDs Emax EDs Emax
Mammalian N 1021 B 1094 B 1212
NPy 23%10 (371) 21X10 (189) 80%10 (153)
Trout-NPy 65X107° (111'(7)61) 30X107° (179250) 26X1078 (g%i)
Goldfish-NPy 36X10~° (130;'11) 44X10°° (1812;) 30X10° (?95’(15)

Number in parentheses are standard ermor.
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3 o)A FRATYE A BT AAAAE 1
Zsp7] o AP ES AHEste B £58EE 24
39t Guinea-pig ileum? longitudinal muscle®l = NK.,
F4AHT NK, #8437 Bo] &A= (Petitet et
al, 1992), o] 3] tlatad M-NPy7} EDsoo %10} 7H3
$ARo, Emaxd 4% GNPyt 743 & @& o
BRIt =3 rat duodenume NK, +847F NK,
&4 Bd @ol A3 (Burcher et al, 1984), gui-
nea-pig ileumo A1 ¢+ vFA7 A &, M-NPy7} T-NPy 2 G-
NPy2t} EDy ¥ Emaxgte] %3tth M-NPy7} guinea-pig
ileum ¥ rat duodenumol A ¥& £5EA L Vel iR L
NK; @ NK, 5859 5A]o ALt ojde dF
(Rahman et al, 1994)$} At ZAE BAF3 9},

¥ carp intestined] ©id o] A4 NK, &4
o] #AE AAN}H (Kitazawa et al, 1988a; Kitazawa
et al, 1988b). Carpol I3l EDy2 G-NPy7}, Emaxe T-
NPyt dAld oz 528498 Y3, MNPy @
2844 Je At (Table 4). Table 4914 Yebd 3
S EUE 33 HojA n@d £ o TH7FY F
Bo] EAJ3te FEAE THFY NPyt 2RI R
Abstt s A2 EY, carpd] A #o] dF M= trouto] A
34 carpdll 7HTHZ A4 A,

CD spectra Z7o]A M-NPy¢t T-NPye B&E #7343}
oAl AN F2E AL QAT ELF A °
HME M-NPy7}, olF9 Z&dE GNPyt /M &2
F5849& Yt 28y CD spectrum HoEE
o] £ oJATRE BHI AYY 7t YAt webA
M-NPy8} T-NPyZtel 45847 F299 JAAAE
o] AAEA Lol 7] 43 FT-IR (Fourier transform-in-
frared) & AHE-3l] M-NPys} T-NPy9 o|a+%E &
&9t} (data not shown). CD spectrum®lA random T
ZE #3l= MNPy 9 T-NPyE FT-IRS AH8-3tef 34
2 34 A4 23 oA 3 A3, M-NPy7} T-
NPyEY a-7% ¥ loop 99 o ®ol $#3ta AN
t}, o] 8§ 2}o] A o] guinea-pig ileum Z rat duodenum®ll
U8 M-NPye} T-NPy7} €49 Aolg Yeplie Ao
MEd. o2 ARES vtB o2 NPyEH carp, gui-
nea-pig ¥ rat® Ffo| EAe FEAE 1Y M3
A 24 vFHUEE F58 BY, carpd FEAE 4
AA oA helix T2E F3T GNPyl 73 F2
£ s M-NPy £ T-NPyit ¢ Sojdoz #g
ste A #h 28y guinea-pig ileum ¥ rat duodenum
o] FgAole REHOZ helixS #3lE GNPyt &
3]#] random 729 g FZ2 E¢H M-NPy7H o 28

CHRE - AEN) - 0YS-

229 - o

#7 ¢ 4 2
2

A 84S Ad AZB el 729 479 &
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