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ABSTRACT

Background: Leptin secreted from adipose tissue activates not only its. receptors expressed
abundantly in the brain, including arcuate nucleus but the POMC neurons resulting in secretion of
a-MSH. Activation of MC4R by o-MSH increases the energy expenditure and decreases the food
intake, and promotes the sympathetic activity.

Methods: To analyze the biologic activity of a-MSH analogues, the rat MC3R DNA and human
MC4R DNA were stably and independently expressed in CHO cell lines, and we performed the
competitive receptor binding assay with [“IINDP-MSH as a radioligand and cyclic AMP
accumulation assay following treatment with different ligands. a-MSH (Ac-Ser-Tyr-Ser-
Met-Glue-His-Phe-Arg-Trp-Gly-Lys-Val-NH;) and its analogue a-MSH-ND (Ac-Nle-Asp-His-Dphe-
Arg-Trp-Lys-NH2) were synthesized by Genosys Biotechnologies, Inc. The HPLC purified samples
for NMR experiments were dissolved in 90% H,0/10% DO or 99.9% D.O solutions at pH 7.0 with
concentrations of 2~4 mM in 50 mM sodium phosphate buffer. The NMR spectra were acquired on
a Bruker AMX-500 or DMX-600 spectrometer in quadrature detection mode equipped with a
triple-resonance probe with an actively shielded pulsed field gradient coil.

Results: The preferential order of binding activity for MC3R was NDP-MSH> o-MSH-ND >
[Nle‘]-MSH with ICso values (nM) being 0.367+0.074, 47.20-+9.08 and 106.70+32.25 respectively.
For MC4R, the same preferential order, NDP-MSH (0.5660.194) > a-MSH-ND (6.70+1.07) >
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[Nle'Jo-MSH (238.30:£30.47), were obtained. In c-AMP generation assay, the potency order of
peptides was ‘NDP-MSH > a-MSH-ND > o-MSH at both MC3R and MC4R. Accumulated food
intake of Sprague Dawley rats was low significantly for six hours after injection of a-MSH-ND into
peritoneum. ¢-MSH forms a hair pin loop conformation, whereas a-MSH-ND, a linear form of MTII,
prefers a type 1 S-tum comprising residues Asp™-His*-DPhe’-Arg’ in NMR study.

Conclusion: we developed in vitro and in vivo bioassay system to evaluate the biologic activity
of a-MSH analogues and we also showed that the type 1 f-turn structure of o-MSH-ND might
enhance the binding activity to MC4R (J Kor Soc Endocrinol 14:18~26, 1999),
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2HE] 7| dola] FEAE X8 w2l pcDNA I
(neo-resistant)ol]  subcloming¥ro 24 BRI
Subcloning ¥ F-AAHe At F4e} 714 F HAS
FHIA eheTel A3 7 Al 584 Zzke] cDNA
7} HAA AYEREA AFE A3t

2. MC &4#|2| &8l

wal-3e] 84 cDNA7} 4195l DNAE fg2 &
ZFAlEe]] ol MC3R U MC4RE X8 A + 9
+ DNAE e ¢igict. 0|37 ol DNAE CHO
AEo]] calcium phosphate HO & stable transfection
=9lew, neomycing wiek Solol] 3g7Fsle] MC3R
= MCAR7} B3 genomic DNAG] ARRI= A
X Fhg screeningdl] ¥ 4 YAk F MC3
receptor 9} MC4 receptor T3 7FsAlo] & AEF
£ 7zt 107) Aests, ohA] neomycin HEH &N
oA sub-cultureA]A 24} 71 ¥ [Nle‘] a-MSH &
ofo]] ukE c-AMP A AEE RZAslo] basal level
£ AY gomd AFole HAUKE Kole AlE F
g ZHzt Aeslgick

3. In vitro bioassay
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£ purifysisich 47| dbgog vHE stable cell line
E-g 24-well platee]] plating A4 confluent cellso]
5]2)-2 ujjol] iodinations) MSHS} o]u] 433 peptide
£ (NDP-MSH, [Nle*] a-MSH$} o0-MSH-ND)#} com-
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AMP assay buffer® 2¥] washingsi & ¥ 49 3l
Hol=g A%l 52 314 A7 F 2A7e W)
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4. In vivo assay
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HPLCE o|§slo] & Lelsisict selol=&L pH
7.0 A2) 50mM Na-PBS bufferel} o] HE 555
2~amM 3 Ak §4% slelo]=E52 Bruker
AMX-500 or DMX-600 spectrometers o]-8:3}o] #)
A7) 3% B3 -4 T2 Agssch A8d
AYo 2 AU NMRAY o §44 Alggel &
& 24900 o]3 DQF-COSY, TOCSY 4¢
< %3lo] WElol=5e P AEE Ak &
ERES] ol 9 A4 F=of Gt ARE FE
3}7] $fslo] NOESY 9 ROESYA¥E B3l o4
7ol Al ARE Y5315k ol Al AR F
2} 259 7EE $3ld welol=E] AR 7=
Arsiedl olgsgled AR AR F=ES A
g $Ascle] AU BA AP Fulel Mgl
ey 723 AnE $E9ck

4
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2. In vitro bioassay

MC3RIH MFFo] it 7t peptideEe] ICs
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MC3R

OBlank
B Stimulated

Colony No.

MCAR

20 UBtank
MsStimulated

1 2 3 4 5 6 7 8 9 10
Colony No.

Fig. 1. Selection of CHO cell lines staby expressing
MC3IR or MC4R by measuring the level of
[Nle*ja-MSH-stimulated cAMP accumulation

1067043225, o-MSH-ND 47204908 %low,
MCA4Ro| tf&F ICsx= “NDP-MSH 0.566+0.194, [Nle‘]
o-MSH 238.30+3047, a-MSH-ND 6.70+1.07 it}
w5 7z peptideSe] MC3Ro] whigt ECs (M)
NDP-MSH 0.174+0.052, [Nle'la-MSH 9.362:+1.932, a
-MSH-ND 15230707 o}, MCARell th¥t ECsr2
NDP-MSH 0.1260.020, [Nle‘ja-MSH 46.04014.799,
o-MSH- ND 0.7804:0.4050}1c}. wlebA] 7} peptide &
9} ICsomcsw/ICsoucer Ratior= o-MSH-ND (7.04) > NDP-
MSH (0.65) > [Nle'Jo-MSH (0.45) =0,  ECsomcsn’
ECsomcer . Ratioc2  o-MSH-ND (1.953) > NDP-MSH
(1.381) > [Nle*Ja-MSH (0.203) $=0|3}t} (Table 1).

3. In vivo assay

@-MSH-ND-E ventricle % 27} W 3] e )
HEL 4] A uizTa vlasie] "ARAl Aol
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Table 1. ICs Values (Mean+S.EMM) and ECs Values (Mean+S.E.M) of a-MSH Analogues
Obtained from Computer Analysis of Dose-response Curves on MC3 and MC4
Receptor- transfected CHO Cells, Together with Relative Affinity Ratios and Relative
Bioactivity Ratios of the Melanocortin Receptor Subtypes

ICso (nM) ECso (nM)
Ligands Ratio of Ratio of
MC3R MC4R MC3R MC4R
MC3R/MC4R MC3R/MC4R
NDP-MSH 0.361+0.07 0.576+0.19 0.17440.05  0.12640.02 1.38
[Nle‘la-MSH ~ 106.70+32.25 238.30+30.47 9.362+1.93  46.04+4.80 0.20
a-MSH-ND 47204908  6.70+1.07 15234071  0.78+0.41 1.95

MC: melanocortin, ICsy: half inhibitory concentration, ECsq: half effective concentration, CHO: China hamster ovary
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Fig. 2. Effects of a-MSH derivative, a-MSH-ND, on
food intake and water intake in mice after
intraperitoneal injection.

*p<0.05 as compared to the value of control
group.
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4. NMR X #4
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Fig. 3. NMR structure of a -MSH and ¢ -MSH-ND. a -MSH forms a hair pin loop conformation(a), whereas
a-MSH-ND, a linear form of MTII, prefers a type 1 B-turn comptising residues Asp’-His’-

DPHe’-Args(b)‘
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A Fokedl, ol F selol=7lolk= Phe/
D-Phe?] Xjoldlolli= glo} Phe — D-Phe2 2} x|
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it e AE wmPE Y stereochemistryol]
F335e ¢ 7 Ak
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FATH MCIREH AEFol| it AesS Bl
21 [Csp (nM)X1E= NDP-MSH 0.36740.074, [Nle]
a-MSH 106.70£32.25, a-MSH-ND+= 47.2049.08%]
o, MC4Rol| il ICs Xl&= NDP-MSH 0.566+
0.194, [Nle*ja-MSH 238.30-+£30.47, o-MSH-ND 6.70
+1.079 =3 7 selol=Ee] MC3Rel wigt
ECso (nM):= NDP-MSH 0.174+0.052, {Nle*jJa-MSH
9.362+1.932, -MSH-ND 1.523+0.707 ], MC4R
o ot ECse& NDP-MSH 0.126+0.020, [Nle‘je
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