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Development of Drug-Like-Templates
—Structure-activity Relationship Study of Tachykinin Peptides
for Development of Novel Neurokinin-3 Receptor Selective Agonists—
TR IR T A R G ) B KEF &

ebr =150

dF R bhe EURARLEY (GnRH) IE, BUR RS- FRK-HERSR IRV T SRR LE R
IRRHIIL AR L E o DU IR B 240 S PERLE L Th S, GNRH HMWTIE. ISR E & e
%7V AR O53W (GNRH 73V R) PRSI 235 2 —@tE D Y — K043 (GnRH H—2) @ 2 fi
EAMBN TS L SAFEETIX, 21 E TIZ GnRH — Y 234 5 F 27 F O ETH A
BIRFZE % JEBH L, GPR54 (F AT F U2 8K) BT T =2 h DAL %%Lfﬁézﬁ‘iﬁ
GnRH 7L R L, ITH4E, AFXF =0 ZR/ED 1oL LTHHNS NK3ZEEOREIC X v igi 2%
%z kﬁﬁiémtogﬂwa%%% BT, NK3 ZREKOERIZL D GnRH /)L A D FE M
ROBND L DHEND, NK3 ZREITINAFE T R0 E T 2 NEIEDIEFRED I IR £ 72 5
ZENEIfENTNDS S,

FORNRMY FF=UFHELTHTAFX AP (SP), =a2—mF =2 A (NKA) KR=a—BaF
=2 B (NKB) MHILALTWD, Fo, ZFF= BRI, NKL ZER, NK2 28R KL NK3 %
KD 3 FEENFEESNTEBY ., C K=o ¥ 2 F| (-Phe-Xaa-Gly-Leu-Met-NH2) %29 %
NTF R (=) 28T 5, SP. NKA KUNNKB X, £ 270 NKL, NK2 &Y NK3 2%
RIZHT BIREME A2 RT OO, ZORIRMEIFIE (Figure 1), 2079, ¥ ¥ ¥ =2 RKZ 1R
LT HEIEGCWIIEY — VOB EZ B E LT, BRI 2BREY T FOBRENZNET
(R B, NK3 ZFERRINAY T 2= % k & L T[MePhe’]-NKB <° senktide 73 fLH S T2 78,
THOLEEROLE, BEHIE. SOR5EEE NKSZEKRBIRNT 2 =2 hOB%, RORENER
DRI % HIE LT NK3ZEKRT 2= O &M BIFZEICE T LT,

H

Tachykinin Peptides
1 2 3 4 5 6 7 8 9 10

H-Asp-Met-His-Asp-PhefPherVallGly-Leu-Met-NH,| neurokinin B (NKB)
H-Arg-Pro-Lys-Pro-Gln-Gln{Phe|PhelGly-Leu-Met-NH,  substance P (SP)
H-His-Lys-Thr-Asp-SertPherVallGly-Leu-Met-NH,| neurokinin A (NKA)

NK3R Selective Agonists
1 2 3 4 5 8 7 8 9 10

H-Asp-Met-His-Asp-PhelPhelMePhelGly-Leu-Met-NH,| MePhe’-NKB
Succinyl-AsptPherMePherGly-Leu-Met-NH, senktide

Figure 1. The sequences of human tachykinin peptides and NK3R-selective agonists.
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RETNA

NK3 Z BRI T T =2 N OENEREZH L0 E T 5720, £, RKY F =D NK3 %
BRITR T DREETEMNE L O T =& MEMEE . ([F21]His®, MePhe”)-NKB % 7= 5 A BLE FZBR M OV &
IR 12 350 2 MR N Ca? iR BE D E & EBRIC L V3l L7z, E72. NKL Z AR KON NK2 23R 1Tk
T 2R BEINMEA T 2 BT, [*P1]-BH-SP (NK1 Z&K) F72IE[*2I]-NKA (NK2 Z&1E) %
WA EERZIT 72, RIZ, RRZXIX=HDO 5K T A% Asp KT MePhe [ZiE# L 7-
NTFREEGH L, b 2 DOT I/ BOAEYIENR O R RERTMEICRHT 2 B ERF Lz, &
512 eledoisin }z O kassinin (22U T, Asp X (X MePhe D H 5, —FD 7T X ) RO B %8 A LT=FHER
EERL, &7 I BOFLEERE LT, TNOOMFNCEIVELNZMAIZEES & BEM NK3 2%
R T T =& kT 5[MePhe’]-NKB @ Phe® Z 44 727 2/ BRICHEIRAT 5 2 & C, it 217

277,

RER - B

(RIRZ %% = ROV OFFEE OSSR RD)

FI. RARY X ¥ =% 2a-9a D NK3 ZAEEFEGIEMER O =2 MEMEEFHE L7z, ZORER,
WIS HFRENDEWEMEREZ R LT (Tablel), —JF . ZHVH DT F ROZEAREREZ 40
L& ZA, WD 10 uM IV T NKL ZARKL O NK2 ZAE RIS T 2/ aTEEE R~ Lic, Zh
F To Severini HOHFFEIZE D SALLONTHADOT 2 FRD NK3 Z KR 3T 2 AEWiE M M O 25 K5
RE~DOFERRBENTND Z L O S HICBEA NK3 R EBIRT =X F & 2 b RARZ X F
SUHORENEEPIL TWAD Z EICER L, WIS MW7 L% Asp O MePhe TiE#: L /=358 K
3b-9b G L TEN S DIEMEZFM LTz, ZORR, WThOFEERGBASTF FE_XTEWEY
TEER O BRI 2R Lz, ZORERIEL, SMERNTAOT X/ BOERHA NK3 ZARICHT 5
FEATEME M OV BRRIMEDOBBUCRELS FETH I EELFFL TN D,

Table 1. Structure-activity relationships of tachykinins and their analogs.

ICs0? ECs?  Binding inhibition ¢ (%)
Peptide Sequence

(mM) (nM) NK1R NK2R
[MePhe]-NKB( 1a) H-Asp-Met-His-Asp-Phe-Phe-MePhe-Gly-Leu-Met-NH, 0.0038 0.11 <10 59
PG-KII (2a) pGlu-Pro-Asn-Pro-Asp-Glu-Phe -Val- Gly-Leu-Met-NH, 0.053 0.079 94 92
PG-SP1 (3a) pGlu-Pro-Asn-Pro-Asp-Glu-Phe -Tyr- Gly-Leu-Met-NH, 0.71 1.38 98 <10
3b pGlu-Pro-Asn-Pro-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.019 0.083 <10 <10
uperolein(4a) pGlu-Pro-Asp-Pro-Asn-Ala-Phe -Tyr- Gly-Leu-Met-NH, 0.082 0.12 100 60
4b pGlu-Pro-Asp-Pro-Asn-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.017 0.13 <10 <10
eledoisin (5a) pGlu-Pro-Ser-Lys-Asp-Ala-Phe -Ile- Gly-Leu-Met-NH, 0.18 0.22 100 95
5b pGlu-Pro-Ser-Lys-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.015 0.090 <10 <10
kassinin (6a) H-Asp-Val-Pro-Lys-Ser-Asp-Gln-Phe -Val- Gly-Leu-Met-NH, 0.35 021 101 96
6b H-Asp-Val-Pro-Lys-Ser-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.11 0.085 <10 <10
sialokinin IT (7a) H-Asp-Thr-Gly-Asp-Lys-Phe -Tyr- Gly-Leu-Met-NH, 1.93 10.88 99 98
b H-Asp-Thr-Gly-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.081 0.11 <10 <10
physalaemin (8a) pGlu-Ala-Asp-Pro-Asn-Lys-Phe -Tyr- Gly-Leu-Met-NH, 1.55 3.36 101 68
8b pGlu-Ala-Asp-Pro-Asn-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.054 1.48 87 <10
bufokinin (9a) H-Lys-Pro-Arg-Pro-Asp-Gln-Phe -Tyr- Gly-Leu-Met-NH, 2.98 10.73 101 95
9b H-Lys-Pro-Arg-Pro-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.031 5.04 26 <10

2 ICso values are the concentrations for 50% inhibition of 0.1 nM of ([125]]His?, MePhe?)-NKB binding to NK3R (n = 8. » ECso
values are the concentrations for 50% induction of Ca2* influx in NK3R expressing CHO cells (n = ). ¢ Binding inhibition (%)
was calculated by the binding inhibition assay using a radioactive ligand (0.1 nM) and each peptide (10 uM).
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WIZ, KT 2 BOF5 % ~7 7%, eledoisin & OY kassinin @ 5 7 & 721X 7 (7 & B L 72 358K & 5% 5t -
BRCL, TS OEMTEME K OS2 ARSI Z 31 L 72 (Table 2), ZDOf5HE, Asp 1ZH~<T MePhe
DHHERRENZ EPRBENTZLDOD, EH LN —J7OHOBEB T+ FREIER S L
RNWZ ERHENE T, ZOZ END, NK3 ZFRRIN T 2 =2 MZiE Asp® LT MePhe’ Djij
FENEETHDZ EBboT,

Table 2. Structure-activity relationships of eledoisin, kassinin and their analogs.

ICs0” ECs®  Binding inhibition ¢ (%)
Peptide Sequence

(uMD) (nM) NKIR NK2R
[MePhe]-NKB( 1a) H-Asp-Met-His-Asp-Phe-Phe-MePhe-Gly-Leu-Met-NH, 0.0034 0.013 <10 57
eledoisin (5a) pGlu-Pro-Ser-Lys-Asp-Ala-Phe -Ile- Gly-Leu-Met-NH, 0.096 0.241 100 99
5b pGlu-Pro-Ser-Lys-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.0055 0.078 <10 <10
5c pGlu-Pro-Ser-Lys-Asp-Asp-Phe -Ile- Gly-Leu-Met-NH, 0.035 0.0054 91 56
5d pGlu-Pro-Ser-Lys-Asp-Ala-Phe-MePhe-Gly-Leu-Met-NH, 0.0079 0.071 48 26
kassinin (6a) H-Asp-Val-Pro-Lys-Ser-Asp-Gln-Phe -Val- Gly-Leu-Met-NH, 0.10 0.25 99 99
6b H-Asp-Val-Pro-Lys-Ser-Asp-Asp-Phe-MePhe-Gly-Leu-Met-NH, 0.027 0.15 <10 <10
6¢c H-Asp-Val-Pro-Lys-Ser-Asp-Asp-Phe -Val- Gly-Leu-Met-NH, 0.089 0.47 53 74
6d H-Asp-Val-Pro-Lys-Ser-Asp-Gln-Phe-MePhe-Gly-Leu-Met-NH, 0.013 0.038 46 11

a ICso values are the concentrations for 50% inhibition of 0.1 nM of ([125T]His3, MePhe?)-NKB binding to NK3R (1 = 8. & ECso
values are the concentrations for 50% induction of Ca2* influx in NK3R expressing CHO cells (2 = ). ¢ Binding inhibition (%)
was calculated by the binding inhibition assay using a radioactive ligand (0.1 nM) and each peptide (10 uM).

{[MePhe7]-NKB @ 5 fiz D& & il )

INFETORMIZED, NK3IZE

Table 4. Structure-activity relationships of Phe5-substituted

REIRPT T =R FBIT 5 Asp® K& [MePhe’]-NKB analogs

W MePhe? O EEMENRINTZ D

H-Asp-Met-His-Asp-Xaa-Phe-MePhe-Gly-Leu-Met-NH,

Enn, FHEITRER NK3 2 R A5 Pentide - ICs0t ECs® _ Binding Inhibition (%)
1
W7 =2 T b D P (M) (nM) NKIR NK2Rb
[MePhe’]-NKB (1a) Phe 0.0038 0.070 <10 57
[MePhe]-NKB @ 5 {if D fziiifb & 17 1b Asp 0.038 0.040 <10 <10
—7 (Table 3) 3 z O);ﬁ:% /El\ﬁk L 1c Glu 0.0075 0.024 <10 <10
. . L 1d Arg 0.0025 0.080 60 62
DT HOFERICENTHBE le Lys 0.011 0.026 40 35
72 A TEME DAV E D & 7R A 1f His 0.0059 0.017 <10 47
. - . 1g Tyr 0.0015 0.072 <10 51
g ) =
ST BN THFHLEAROZ R IKE h Trp 0.0018 0.28 <10 79
PRHEEFMLZEZ A, Asp KO 1 Val 0.0015 0.065 <10 29
e S, . 1j Leu 0.0069 0.051 <10 29
Glu ZH A L7ZFFEk 1b KT 1c e e 0.0040 0.060 <10 %
1X. NK3 SZHFRIHkT 2 mE SR 11 Ala 0.0044 0.012 <10 3
'H:E %ZT_\‘ L 779 4j§‘ Arg LyS ))7(—0\ im Asn 0.018 0.036 <10 10
° A A 1n Gln 0.0046 0.043 24 21
GIn [ZfE#L L 72355 K 1d, 1le KD 1o Ser 0.0036 0.040 <10 31
TIE NK1 '_XL‘//Q’{Z'K ;d‘j— b /\D/\ 1p Thr 0.0043 0.046 <10 19
1q Met 0.0017 0.032 <10 41
{£ l\i 7\7)‘ mu&b % ﬂf_o ZDOZ k 75) % 1r Pro 0.045 0.041 <10 38
5 (LoT I EAESZ AR 10 oy o3 o <w0 2
L 2 ICs0 values are the concentrations for 50% inhibition of 0.1 nM of ([!25]]His3,
PEICHF G- L. BT X IO AFAE MePhe”)-NKB binding to NK3R (2 = 3. » ECs0 values are the concentrations for
7 NK3X4§’M§ ﬂﬁ‘éﬁiﬁiﬂi M D 3% 50% induction of Ca?t influx in NK3R expressing CHO cells (n = 8. ¢ Binding

inhibition (%) was calculated by the binding inhibition assay using a radioactive
ligand (0.1 nM) and each peptide (10 uM).

BUICHETH D Z &R,
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