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Structure and Arterial Relaxing Activity of
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Relationship between structure and biological activity was performed using the five substance P-related
peptides (SPRPs) [mammalian-SP (M-SP), cod-SP (C-SP), trout-SP (T-SP), lungfish-SP (L-SP) and Ranakinin]
and four SP analogs [[His’]-SP (5H-SP), [Gly’]-SP (5G-SP), [lle]-SP (8I-SP) and [Trp']-Ranakinin
(8W-Ranakinin)]. The circular dichroism (CD) spectra showed that all of the peptides took an unordered
structure in buffer solution and artificial liposomes. However, 8W-Ranakinin undergoes conformational
changes by being transferred into neutral and acidic liposomes from an unordered structure to more ordered
structure. The arterial relaxing effect of the peptides was also studied with guinea-pig aorta (GPA). As
a result of the studies, L-SP was about 14-fold more potant than M-SP. The order of potency compared
to ECso value was L-SP>M-SP>5G-SP >8I-SP>5H-SP>T-SP, C-SP, Ranakinin, 8W-Ranakinin.
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Tachykinin peptidet= FZH2E C-THe] -Phe-Xaa-Gly-
Leu-Met-NH,9] pentapeptideE 5T 2O 2 7[A 3 9o,
substance P (SP)$} neurokinin A (NKA)E H]E3}e] NKA9)
325 e neuropeptide y (NPy)$}+ neuropeptide K %
neurokinin B (NKB)7} tl®H oz 424 UrhLiu et al,
2002). ©|5-& central nervous system, primary afferent neuron}
enteric nervous systemol| X EH|EE AAHGELZHN HE
2 5, gaolgh, BuEd 9 AAZEH 2e Ut Vs
< 48 3tH(Otsuka and Yoshioka, 1993). °o]2|gt BAHES
G-protein®] Q#H +EAE Akl Ve, spoll =
& Zhe NK-5-84, NKASE NPy ol /& 24 NK-
23 2 NKBYl Z44< 2 NK-F&47F 48 A o
(Patacchini and Maggi, 1995).

SPE Ze] Ho} Fo] AHL FHEA ofEZH 3
AAEA R BB F5FES Ae BEELEX A2
A Q151 (von Euler and Gaddum, 1931), Aol &Ex8}=
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NKA, NPy ¥ NKBS] FHFRT B o] EAskaL 3130
v} 2 ChHelke et al., 1990). SP2] £33 A2+ 1971
bovine hypothalamic tissue2F-E] T 5 A THChang et al.,
1971). A /-7 212l SP (M-SP: RPKPQQFFGLM-NH:)
9} FRHoF AFAE zZHE SP-related peptides (SPRP)7F
cod (Gadus morhua) (Jensen and Conlon, 1992), trout (Oncor-
hynchus mykiss) (Jensen and Conlon, 1992), lungfish (Neo-
ceratodus forsteri) (Liu et al., 2002) 2 frog (Rana ridibunda)
(OHarte et al, 1991) SR E|GA o o1 da+x7}
B AT 53] M-SPE S A9 B35 AT guinea-pig aorta
(GPAYY] B WA X0l A3t NK-FEA & 75+
endothelium derived relaxing factorS WEAIZ 024 d 3
Fo) ) 43 o|gEdS 7ol B3 vk 3tk(Saito
et al., 1990).

w38 circular dichroism (CD) spectra®t NMR-Z ©]-8§ M-SP
o) FzAF A7) micelle £ A SPL] FZ= hydrophobic
forcedl] 28 ZA 959, sSprF w3t A= F2 elec-
trostatic interaction®] 9J3] ARG B v} Y THKeire
and Fletcher, 1996). ©] A 2] Ao A Sp= C-HAHH ] o-
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helix TF&2& X33t glon, o|& 27} =8-A19 2gg
Aol F4H a49o] 1 5 Ath(Keire and Fletcher, 1996;
Auge et al, 2000). B+ ofgl, 80 ek HBF Q] THA
Mstz]l A FEAEC] AZEHI Jow, [Sar,
Met(0,)''|SPE rat urinary bladdersollA] A8 2 28319
o] Hau® v} ATHRouissi et al, 1993). Table 19 VEFA M-SP
o} SPRPEY] Y2 E vlws] B, sHA 279 gHA
2710 A opn|i=ike] WS F DoldS & = Ut whebA,
ol2|gh Fol ARtste Tz} ATte] FBBAE Yolr )
A3 A Cod-SP (C-SP), Trout-SP (T-SP), Lungfish-SP (L-SP),
Ranakinin ~22]31 M-SP] 59| Z7]?] Gng Hiso.Z X33k
5H-SP, M-SP2] Pheg Ile2E X &3t 81-SPE A5l th

T, M-SPY GIWE Gly'E X 83} 5G-SP9} Ranakinin®] 8%
5‘}] 718 TrpL 2 X183 §-% 4 (8W-Ranakinin)E 4384
. 34 HEfo]| =9 o]ATE = CD spectraS 0] 8-3)e] 9
4, T4 2 A NA ZALSA L, ob&d guinea-pig
aorta (GPA)YY| ti3l o|g&FAd S FASIAT

=

Tabel 1. The primary structure of SP-related peptide (SPRP)
used in this study

Molecular Mass

Structural feature Sequence

Calculated Observed

Mammalian SP RPKPQQFFGLM-NH, 1,347.9 1,349.8
SPRP
T-SP KPRPHQFFGLM-NH, 1,356.9 1,357.2
C-SP KPRPQQFIGLM-NH.  1,313.7 1,314.3
L-Sp KPRPDQFYGLM-NH,  1,350.9 1,350.7
Ranakinin KPNPERFYGLM-NH,  1,350.8 1,351.0
SP analogs
5H-SP RPKPHQFFGLM-NH;  1,356.7 1,357.9
5G-SP RPKPGQFFGLM-NH,  1,276.6 1,277.0
81-SP RPKPQQFIGLM-NH:  1,313.7 1,314.3
8W-Ranakinin KPNPERFWGLM-NH; 1,373.6 1,374.0
Nz = Y
=TIV
Helol= A AFEEF Fmoc-obv At 5% A 9} Fmoc-

NH-PAL-resin, DMF, piperidine, 1-hydroxybenzotriazole, N,N-
Diisopropylcarbodiimide 2 trifluoroacetic acid= WatanabeA}
(Hiroshima, Japan)oll Al 7+ 3}$1t}. 1,2-ethandithiol, m-cresol
#} thioanisole WakoAHOsaka, Japan)oll A 3t 2.1, N-
tris[hydroxymethyl]-2-aminoethanesulfonic acid (TES), egg-
yolk phosphatidylcholine (EYPC)9} egg-yolk phosphatidylgly-
cerol (EYPG)E= Sigmark(St. Louis, USAY A 3t t).

SPRP2} SP analog=2| &Had 2 AX|
Table 19 Yl Helo] =52 o7 ] 7 FUT Fmoc-

Holl e}t A8 THPark et al, 1997). E48-S MALDI-TOF
(Voyger-DE™ PRO, Applied Biosystems, Forster City, CA,
UsA)dll oJsf ZAstglen, o159 oA AR £AF

A58t

2 7tz ohg-3) 2t): M-SP; base peak, 1349.8, CoHosO1sNisS),
13479, C-SP; base peak, 1314.3, CgHo7013N 581, 1313.7, T-SP;
base peak, 1357.2, CgHo7012N16S), 1356.9, L-SP; base peak,
1350.7, Ce2HosO15N15S1, 1350.9, Ranakinin; base peak, 1351.0,
Ce2HosO15N17S1, 1350.8, SH-SP; base peak, 1357.9, CsHo7012
NS, 1356.7, SG-SP; base peak, 1277.0, CeHp01N S, 1276.6,
8I-SP; base peak, 1314.3, CeHig0018N13S;, 1313.7, 8W-
Ranakinin; base peak, 1374.0, CesHosO14N5S;, 1373.6.

Circular Dichroism (CD) spectra
CD spectrat™ 1 mm path length®] quartz cell& A&3}=
JASCO J-600 spectropolarimeter2 ©] 2] W3 FU3HA
243} tHPark et al, 1997). Small unilamellar vesicles
(SUVS)E ol ATy FASA FA I H(Park et
., 1997). SUVse= 242 4 2 A4 A2 2 EYPC, EYPC:
EYPG (3:1)Y =A4doz &AL &Y.

T 2 A

oletery &X

Guinea-pig(54] Albino Hartly, 260-300 g)°] X2 A7) st
F dFAGPA)S A3 Ah e A =22 Az
S @n A ool A AAAZ F, 2mm ZHol9 ringS 2
A5t} 7} ringS force displacement transducer (NEC-Sanei,
Tokyo, Japan)$} L-shaped wire (US-5, Kyoto, Japan)®2 Q2
o] J= smL ¥-&Ed Ao, 2412t T AHEF A7 F,
resting tension®] 1.0 g¢] F =& ¥} oju), 108 7tFo =2
FAS wAE F3, AHA 339 50mM high K* &0
Z HYs e E ﬁ_}ﬂ%}ﬁiﬂ. o] & prostaglandin Fz. (PGFa,
1x10° M)Z FZAIA peptide S FEJEZ 07 Fo3tQr).
25 8L Krebs g5 atollA Petdn, =48
2t} (mM) NaCl 1187, KCl 4.7, CaCly 1.8, KH:PO, 1.2, MgSO;
1.2, NaHCO; 24.8, glucose 10.1. ¥F2-Z+= 37CE HA Q1L
95% 0.9+ 5% C0,9] &3 gasE FF3IAT ¥H3-< 37]“
PGFy, (1x10° M)l 9]t F3&uk3-2 100%= 39 peptide
Fod g ojghgS FuFoezs Jeid)

SHXE

o] AL PGF, (1x10° M)e] H)5Zo] B 43
ol¢t pEA Vet §HH, W9 A= ECs (PGFae (1%
10°M)9] T $ZL 50% O)FAINE FE) D Epy (PGFa4
(1x10° M)e] H3 FFol] chsf Al o]¢hS ehlle FE)E
A B w3tR BAA AT student's ttestE PP on, FE

HhS Zh& meansts.e.E FEA] ST

= el
al =
o

a o
HELO| 22| &M

SP=9] B4 9 CD spectra® S435}7] &l Table 19 v}e}
A 9FFY SPES IAFTAAEES ol&3ly FAIA
MALDI-TOF massE ©o|-&3}o] A} 2347 2 E Helo]
ol gt B2 SAHX = ol2ak LXEHT (Table 1).
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CD spectra

33 9% F SPEQ] oJATEE Uotry] Yel TES 9=
A, F424d 2 2GR A Sho) A CD spectra® =4 8+Q k.
A 2735}l A 200 nmoll A negative maximum-g AU &
]l random TEE FHSFATHFig. 1A} 24). =3, A4
2 A 22 Z2AS AT B BEE SPRP 2 SP FEAEL
random¥ TZE A tiFig. 1B, C L 2B, C). &},
8W-Ranakinine TESOl A1 &l= 2] 4 x] 23} A 202 nm
oA negative maximum FE2 2= WEE spectrumS RYT
(Fig. 2B), AH A A5k A= 195 nmet 210 nm¥L-Zell A =4
e 2= Fel9 spectrume R ATHFig. 2C). o] gw-
Ranakinin®| spectrum®] ¥ 3}= TESAA B33 227}
AFgstl M  FAH) 22 AFEHISS o3t

GPAO| CHEH o|2t&d =4

A HEfolmso F o)A S Yol r] s
GPAE ©]-83}1Th. Table 2= GPAS thet &4 Helo|=E <)
3 o|gh Ao AEQ] ECso ¥ Emath S UEFATE Fig. 3A%
GPA®| W3t M-SP2} SPRPE(C-SP, T-SP, L-SP ¥ Ranakinin)
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o] TE &EIJAS ellon o]E9 AHL EC S E
= B WSIHTE GPASA] L-SPE M-SPHT} 141 o] &£
A48 veldx v T-SP, C-SP ¥ Ranakinin® M-SPET} &
A3 2 FAL YeP. o]E9] 39 M7= L-SP>
M-SP>C-SP, T-SP, Ranakinin &°]%lt}.

%3}, Fig. 3B& M-SP$} SP fr =4 & (5H-SP, 5G-SP, 8I-SP
9 8W-Ranakinin)®| ¥%=2& 4-& eldt), M-SPE 5G-
SPe} 8I-SPH T} oF 1419} 16v]9) ¥ S RAAW,
5H-SP9} 8W-Ranakinine # A 3] @2 o|4&4-& Vel
t} o]59 a¥¢ A|7]= M-SP>5G-SP>81-SP>5H-SP, 8W-

Ranakinin <=°]¢it}.

-

i &

SP= 11719 opr|iite 2 o] oA glow, N-gg /A
oA s 7R 9] o] 5= AFE-2 address segment, 6H A o)} A
1A 7LA 9] o} =25 message segment® LA ATt
g s7le] RER oju)ieit MG ol YA G ofn|mte]

charge® 2= 739 EA| 9k A5 AEo] Al B2 o3t

s B C

E o

>

N

>

()]

()

T 2f

hJ

Q

X 3 - - - . . .
2 200 220 240 260 200 220 240 260 200 220 240 260

Wavelength (nm)

Fig. 1. The CD spectra of SPRPs in TES (A), in the presence of EYPC liposomes (B) and EYPC:EYPG (3:1) liposomes
(C). M-SP (@), T-SP (O), C-SP (&), L-SP (£) and Ranakinin (H).
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Fig. 2. The CD spectra of SP analogs in TES (A), in the presence of EYPC liposomes (B) and EYPC:EYPG (3:1) liposomes
(C). M-SP (@), SH-SP (O), 5G-SP (A), 8I-SP (A) and 8W-Ranakinin ().
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Table 2. ECso, RP and Epax of SP-related peptides (SPRP) and SP analogs induced relaxation in GPA

SPRP SP analogs
M-SP T-SP C-SP L-SP Ranakinin 5H-SP 5G-SP 8l-SP 8W-Ranakinin
ECso (nM) 10 » - 0.7 - - 14 16 -
RP? 100 - - 1429 - - 71 63 -
Ever (M) 10° 10° 10° 10° 10° 10° 10°® 10°® 10°®
(61+8) (3713%)  (38+3%)  (86+4%)  (48+2%) (38£3%)  (67+4%) (64+6%) (47410%)

°Ratio of potency relative to M-SP.

No factor because they didn't represent significant relaxation.
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Fig. 3. Concentration response curves of tachykinins and analogs in guinca-pig aorta. Data were expressed as a percentage
of the maximal response to the PGF,, (5x107 M). Each point represented the mean+s.e., of determination in 4 animals.
(A) M-SP (@), T-SP (O), C-SP (4), L-SP (A) and Ranakinin (H). (B) M-SP (@), 5H-SP (O), 5G-SP (&), 8I-SP (D)

and 8W-Ranakinin ().

Al velbd #at ol gl side chain® Zol%E wj$ Q34
ZH8-gho] B3]zl vl ek (Comis and Burcher, 1999). &3],
M-SP, C-SP, T-SP ¥ L-SP9] U1+ 60% ©]732] homo-
logyE 7FAI AR, N-2he] 3 wio)| A s 7R ] olu)
b 240 glof zbo]E HRITH(Table 1). T-SP} L-SPE= 59
Aol 2zt His® (1)} Asp’ (OE T3 Yon, M-SPe]
Arg'?} Lys’2 SPRPEIA Lys'# Arg’ 0 2 X|3HE]o] it}
=g 8HA 7] SPRPECIAM T2 WEE ofn| it (Phedt
Tyr 5)°] A3, C-SPE HIFA AHE olu]ak9) [led
233 9t ¢D A7+ AH, SPRPY) SP A=A S YT
Zo| A N-ZehR9 o] 2o)E B B pain, ¢z o
AF A Aust A ALl FASF spectrum S VEFATHFig. 13
2). 212y}, SP % $W-Ranakinin® AHd L FA A2 =78}
NA gFAo et b2 Fel9] spectrume YEM T o]
g Ave AFAAEA Bk o] 733 FRE0] W}
5 9|3, ol Tp'e] X3l 213 Aotz AL " NMR
7 CDE o]&3F o] AToA, M-SPY] C-&et 97)9] ofn)
dbo] At x| Futel] thel) 202 a-helixE A5t o

A= A7 Bard vl 2lok(Keire and Fletcher, 1996;
Schwyzer, 1987). 124}, B dAFoA] ZE SPEY T2 E
random¥t He) 2 UrElsdT) o]2idt Fe] 2ol AP A
£3 AFYOE EYPC ¥ EYPGE 0|83 EAT79} 2
o]H 9] AFo A= SDS & DPC micellesS A3} 7] w)
ol olabrtze] sy 2R Aoz A

g, GPAE ©] &3 o4& AolA L-Spe] Aol
M-SPE T oF (48] o] A YEl A, 5G-SP, 8I-SPE M-
SPe} FA13E &A9) 712 B} whA, C-SP9} T-SP, SH-SP
© M-SPET} 108 A= & TS vyl §443% SPE)
#8432 71E L-SP>M-SP>5G-SP > 81-SP>5H-SP>T-SP, C-SP,
Ranakinin, 8W-Ranakinin <=°]%1t}.

L-SP9} 5H-SPS] Aol oJstw, s¥ix| X3 Asp7} o
5 FEAY FEAEE Fo Yo Fad IS s,
ojel= IX2A 02 His 84919 45288 wafdith=
AL AAg) 53], L-SPY o|¢&do] th SpERT} A
3] 2 2 sUA 7)ol 1A Aspell 23] 791" Aes
AZFE R, o) Asp7t Lys' B Arg’T} salt bridgeS 8433}
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o FgA 9} FERAEo] golg T F2E AP AHY
72 2t} 3, SPRPEF SP A EAE9 &84S vug 24,
o B2 o] SPRPS] &Ado] SP FEAMES R A Yeldch
ol#3 B A9 Ay} SPRPS} SP FF=AE0] 80% 7S]
A3 FHRClE BT Arg'oLys', Lys—Arg 2 A&
goz &Aoo Aol Ao Yeues A3z
AztgEt), B3], Lys? Arge (+) chargeS ZHe ofv|x=4to|A|
ot Lys#he T2 A Arge o T 7l(guanidine group)S 7HA
T lem, Argo] YATER FRhe XSk ARG FRHL
2 ko] 9 x3tE o] GPANA o|¢t&4d S el =d)
ol frEdths A& 2 A7 e MA@ Avrt €D
ATl A th2 el 9] spectrumS 32.¢) $W-Ranakinin®] /3
& Ranakinin® FrASACE whebA, Trpe] X8 o|AF-39]
Wbl FFS wX AT o|dFA M e 2FHY
&g A ZeAH

A8H o g N-Uee] opulidl 249 Mshe 234720
AL B)XA Eag o), C-RH Tpe 72 Wil 24
ARl J&S 3tgch 2, GPAOIA o)EAS ek
glo] 23} 9] WaE 98ke n)Xx PUOH, chargeE
742 Asp™7F GPASIA o184 vehdel glo] & 3¢S
0 AtE RS B AFE A

AE AL
= 20043 % KSGP (Korea Sea Grant Program)X}A) o]

d
o3 FHHAAFHT

M
ki
o
o

Auge, S., B. Bersch, M. Tropis and A. Milon. 2000.
Characterization of substance P-membrane interaction
by transferred nuclear overhauser effect. Biopoly-
mers, 54, 297-306.

Chang, MM., S.E. Leeman and H.D. Niall. 1971. Amino-
acid sequence of substance P. Nat. New Biol., 232,
86-87.

Comis, A. and E. Burcher. 1999. Structure activity studies
at the rat tachykinin NK2 receptor: effect of sub-
stitution at position 5 of neurokinin A. J. Pepet. Res.,
53, 337-342.

Helke, C.J., J.E. Kraause, P.W. Mantyh, R. Couture and
M.J. Bannon. 1990. Diversity in mammalian tachy-
kinin peptidergic neurons: multiple peptides, receptor
and regulatory mechanisms. FASEB J., 4, 1606-1615.

T EE=S-E-EOF 147

Jensen, J. and J. M. Conlon. 1992. Substance P-related
and neurokinin-A-related peptides from the brain of
the cod and trout. Eur. J. Biochem., 206, 659-664.

Keire, D.A. and T.G. Fletcher. 1996. The conformation
of substance P in lipid environments. Biophys. J.,
70, 1716-1727.

Liu, L., J.M. Conlon, JM.P. Joss and E. Burcher. 2002.
Purification, characterization, and biological activity
of a substance P-related peptide from the gut of the
Australian lungfish, Neoceratodus forsteri. Gen. Comp.
Endocrinol., 125, 104-112.

O'Harte, F., E. Burcher, S. Lovas, D.D. Smith, H. Vaudry
and JM. Conlon. 1991. Ranakinin: a novel NKI
tachykinin receptor agonist isolated with neurokinin
B from the brain of the frog Rana ridibunda. J.
Neurochem., 57, 2086-2091.

Otsuka, M. and K. Yoshioka. 1993. Neurotransmitter
functions of mammalian tachykinins. Physiol. Rev.,
73, 229-308.

Patacchini, R. and C.A. Maggi. 1995. Tachykinin receptors
and receptor subtypes. Arch. Int. Pharmacodyn., 329,
161-184.

Park, N.G,, JK. Seo, H.J. Ku, S. Lee, G. Sugihara, K.H.
Kim, J.S. Park and S.W. Kang. 1997. Conformation
and biological activity of mastoparan B and its analogs
I. Bull. Kor. Chem. Soc., 18, 50-56.

Rouissi, N., A. Claing, M. Nicolau, D. Jukic, P. D'Orleans-
Juste and D. Regoli. 1993. Substance P (NKI-recep-
tor) antagonists: in vivo and in vitro activities in rats
and guinea-pigs. Life Sci., 52, 1141-1147.

Saito, R., H. Konishi, Y. Takano, S. Nonaka, K. Sakaguchi,
Y. Shimohigashi and H. Kamiya. 1990. Characteriza-
tion of tachykinin receptors in endothelial cells of
porcine artery. Neurosci. Lett.,, 110, 337-342.

Schwyzer, R. 1987. Membrane-assisted molecular mech-
anism of neurokinin receptor subtype selection.
EMBO J., 6, 2255-2259.

von Euler, U.S. and J.H. Gaddum. 1931. An unidentified
depressor substance in certain tissue extracts. J.
Physiol., 72, 74-87.

20053 49 30¢ AHS
2005 69 27d S



