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SUMMARY 

The s y n t h e s i s  and p u r i f i c a t i o n  o f  a-metanotropin  l a b e l l e d  
w i t h  t r i t i u m  on t h e  t y r o s i n e  r e s i d u e  is d e s c r i b e d .  The hor- 
mone p o s s e s s e s  a s p e c i f i c  r a d i o a c t i v i t y  o f  2 . 8  Ci/mmole, 
which enab les  i t s  a p p l i c a t i o n  i n  s t u d y i n g  t r a n s p o r t  p roces -  
s e s ,  metabol i sm and mechanism of hormone a c t i o n .  

a-Melanotropint (a-laSH ) is a polypeptide hormone i so l a t ed  
from the  p i tu i ta ry ,possess ing  c h a r a c t e r i s t i c  melanocyte s t imula t ing  
( melanin d i spe r s ing )  a c t i v i t y .  Its s t r u c t u r e  resembles t h e  first 
t r idecapept ide  sequence of the adrenocorticotropic hormone except 
t h a t  the N-terminal i s  ece ty la ted  and the  molecule does not contain 
a f r e e  C-terminal carboxyl group, t ha t  is, the terminal va l iaa  
res idue  i a  amidated. a-Melanotropin with exactly the sane atructuw 
can  be found i n  the hypophysis of  d i f f e r e n t  spec ies  (3): 

Ac-Ser-~yr-Ser-Nlet-Glu-His-Phe-Arg-Trp-Gly-Lys-ho-Vel-NH~ 

a-Melanotropin (a-MSH) 

For the nomenclature of melanotropine , see (1,Z). 
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Although its melanocyte st imulating a c t i v i t y  i n  amphibians 
i s  well established and thoroughly investigated and there a r e  a 
grea t  number of experiments f o r  the  e luc ida t ion  of the biologic a1 

r o l e  of this hormone i n  mammals, an  unequivocal i n t e rp re t a t ion  o f  
i ts physiological s ign i f icance  is  s t i l l  lacking. Whatever this 
b io logica l  r o l e  may tu rn  out to  be, the hormone exe r t s  it i n  very 
small amounts: as l i t t l e  as 0.02 ng of n-MSH per m l  gives a 
pos i t ive  e f f e c t  i n  the sk in  darkening r eac t ion  ( 3 )  and melanocyte 
st imulating substances can be found i n  the blood a t  a concentration 
of 1-2 u n i t s  per ml (4 ) ,  which value corresponds t o  about 0.1 ng 
of acMSH. 

Because of the very small physiological doses, l i k e  i n  
the case  of  other polypeptide hormones, t ranspor t  processes, meta- 
bolism and the  mechaniem o f  ac t ion  of e l S H  can be advantageously 
studied by the  use o f  hormone preparations labe l led  with highly 
ac t ive  radioisotopes.  Recently, i n  a sho r t  notice we reported the 
synthesie of acMSH l abe l l ed  with tritium on the tyrosine residue 
(5);  the present paper gives a de ta i led  account on t h i s  synthesis 
which resu l ted  i n  the pure hormone possessing a spec i f i c  a c t i v i t y  
of 2.8 Ci/mmole. 

Various syntheses of wMSH have been described i n  the 
l i t e r a t u r e  (6,7,8). Having prepared numerous intermediates f o r  t he  
ayntheais of the  labe l led  N-terminal decapeptide of t he  ACTH ( 9 ) ,  
which can be used f o r  the preparation of a-MSH as well ,  w e  decided 
t o  follow the general rou te  described by Schwyzer and co-workers 
(7) with slight modification, a s  it is  shown i n  the  scheme below: 

Scheme f o r  the a-MSH Synthesis 
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Tritium-labelled W)C-Ser-Tyr-Ser-Met-OMe* was synthesiced 

The 5-butyloxycarbonyl pro tec t ing  group was removed by 90% 
as described i n  ( 9 ) ,  w i t h  a spec i f i c  r ad ioac t iv i ty  of 3.4 C i  per 
mmole. 
t r i f l uo roace t i c  acid. The c r y s t a l l i n e  t r i f l uo roece ta t e  (m.p. 199- 
202') wae homogeneoue on thin-layer chromatography (TLC) t n  
number of solvent8, but resolved i n  Solvent 1 (eee Experimental) in- 
to  two spots  with s i m i l a r  in tens i ty .  Thie phenomenon was apparently 
caused by some ion equilibrium, s ince  transformation i n t o  the 
ace ta te  l ed  t o  a product which wee homogeneous even i n  Solvent 1. 

a 

Acetylation and conversion t o  the  hydrazide gave a product 
w i t h  unchanged spec i f i c  r ad ioac t iv i ty  and with physical comtantn  
similar t o  thoae given i n  the l i t e r a t u r e  (7) .  To avoid grea te r  
l o s ses  of radioactive product , the substances were r ec rys t a l l i zed  
only once from the appropriate solvent;  we did not s t r i v e  t o  obta in  
a n a l i t i c a l l y  pure der iva t ives  with the highestmelting poin ts  re- 
corded i n  the l i t e r a t u r e .  

Synthesis of the  p a r t i a l l y  protected 
-Arg-Trp-Oly-OH 
Kappeler (10); w e  followed the modified procedure as given i n  (9). 
The hexapeptide was acylated w i t h  the azide prepared from tho 
Ac-Ser-Tyr-Ser-Met-N2HJ te t rapept ide  hydrazide according t o  
Schwyeer & &. (7), and the  r e s u l t i n g  labe l led  ace ty l  decapeptide 
was c rys t a l l i zed  from 50% aqueous t-butanol. 

H-Olu(0tBu)-His-Phe- 
hexapeptide was first published by Schwyzer and 

Coupling t h i s  compound with the t r i pep t ide  a i d e  
13-Lys (BOC )-ho-Val-NH2 
chlorophenol i n  dimethylformamide (DMF) as eolvent yielded the 
protected ace ty l  tr idecapeptide amide, which, i n  turn,  gave the  
desired labe l led  Ac-Ser-Tyr-Ser-Yet-Olu-His-Be-llrg-Trp-Oy-Lya- 
-Pro-Val-NHp (a-MSH) a f t e r  deblocking with 90% t r i f luo roace t i c  
acid.  

using dicyclohexyl carbodi i r ide  end pent.- 

Pu r i f i ca t ion  of t h e  crude hornone waa accomplished ion 
exchange chromatography on carboxymethyl ce l lu loao  (Serta) or CM- 
-Sephadex C 25 (Pharmacia) columns. The s ign i f i can t  loas  of a- 
-melanotropin during the i o n  exchange chrolsatowaphy report.6 i n  

*Symbols and abbev ia t ione  are used according to tho rules of 
the IUPAC IUB Commission on Biochemical Nomenclature, e.8. 
J.Biol.Chem. a; 527 (1966). 
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the l i t e r a t u r e  (7) could not be observed when the above mentioned 
adsorbents were used, a s  shown by the weight o f  the substances re- 
covered and by the r ad ioac t iv i ty  re ta ined  by the column. The pure 
product was tes ted  f o r  homogeneity by TW:, paper electrophoresis 
and amino ac id  analysis.  
meaaured by the i n  v i t r o  f r o g  sk in  method of Shizume 
and found t o  be i n  the  range of 1-2 x lo1' units per gram. 

Yelanocyte st imulating a c t i v i t y  was 

a. (111, 

There was m l o s s  i n  spec i f i c  r ad ioac t iv i ty  through the 
d i f f e ren t  synthe t ic  e teps ,  except on treatment with t r i f l uo roace t i c  
acid (conversion o f  l abe l l ed  BOC-Ser-Tyr-Ser-Met-OMe t o  H-Ser- 
-Tyr-Ser-Yet-OBle and deprotecting of the blocked a-MSH), where a 
8-10 per cent  decrease could be observed. Thus, the f i c a l  product 
poesessed a spec i f i c  a c t i v i t y  of  2.8 Ci/mmole (1.56 mCi/mg). 

D u r i n g  storage for severa l  months s ign i f i can t  (up t o  30%) 
autoradiolyaie of the  highly rad ioac t ive  product took p lace ,  which 
could be detected both by changes i n  the chromatographic pa t te rn  
and bio logica l  a c t i v i t y .  To minimize r ad io ly t i c  and secondary de- 
composition, l abe l l ed  Gmelanotropin was stored i n  sealed evacuated 
ampadea a t  -20'. 

It is remarkable, how useful labe l led  compounds can be i n  
evaluating peptide synthe t ic  s t eps  an3 ident i fy ing  the by-products 
of the r eac t ion  (e.g. formation of  ace ty l  decapeptide-dicyclohexyl- 
urea i n  the  l a e t  coupling s t ep ) .  Experimental data on this topic 
w i l l  be reported l a t e r .  

EXPERIMENTAL 

Thin-layer chromatography w a s  carried out on Kieselgel G 
(Merck ) p la t e s ,  chromatograms were developed with the following sol- 

vents using ninhydrin and chlorine-tolidine reagents for detection: 

Solvent 1 

Solvent 2 

Solvent 9 

Ethyl ace t a t e  - pyridine - ace t i c  acid - water 

Ethyl ace t a t e  - pyridine - ace t i c  ac id  - water 

Methyl e t h y l  keton - pyridine - water 

60-20-6-11 by ~01. 

120-20-6-11 by V O ~ .  

130-15-20 by -1. 
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Deta i l s  for spec i f i c  r ad ioac t iv i ty  determination8 and TLC 
scanning were given previously (12). Scanning of TL chromatogFams 
and paper electropherograms had t o  be made before e t a in ing  with 
ch lor ine- to l id ine ,  a s  this procedure was accompanied with a t o t a l  
l o s s  o f  rad ioac t iv i ty .  

Seryl- [tyrosyl -3 ,5-3H] -8eryl-methionine methyl ee t e r  t r i f luoro-  
ace t a t  e 

901 mg (1.5 mmoles ) BOC-Ser- f r 3 ~ - 3 , 5 - ~ ~ ]  -Ser-let-Ole t e t r a -  
peptide e s t e r  (9)  ( spec i f i c  a c t i v i t y  3.4 Ci/mole)  was diesolved i n  
10 m l  90% trif ' luoroacetic ac id ,  containing one drop of mercapto- 
ethanol. The so lu t ion  was kept a t  room temperature for 15 min., 
evaporated t o  dryness i n  vacuo, and the ao l id  reaidue was crys- 
t a l l i z e d  from methanol. Yield 794 mg (86%), m.p. 199-202O. RF 0.36 

1 and 0.27 (tetrapeptide ace t a t e  % 0.27), R: 0.06, R: 0.70 (nin- 
hydrin, chlorine-tolidine and r ad ioac t iv i ty ) .  

1 

The product had a spec i f i c  r ad ioac t iv i ty  o f  3.2 Ci/maole. 

Acetyl-seryl- [tyro~yl-3,5-~H] -seryl-methionine methyl e s t e r  

f luoroace ta te  (790 mg, 1.29 mmoles) wae diesolved i n  anhydrous 
pyridine (17 ml) . After addi t ion  of tr iethylamine (0.53 ml) and 
pn i t ropheny l  ace t a t e  (470 mg) the readt ion  mixture was kept at 
room temperature for 40 hours, the solvent was evaporated i n  vacuo 
and the residue treated with e ther  severa l  timee. The r e su l t i ng  
yellow powder was r ec rys t a l l i zed  from ethanol,  y i e ld ing  644 m g  
(92%) ace ty l  te t rapept ide  metityl e s t e r ,  m.p. 192-194'. 

a c t i v i t y  3.2 Ci/mmole, unchanged. 

Acetyl-eeryl- [tyroayl-3 , 5-3H] -6eryl-methionine hydrazide 

e s t e r  (640 mg, 1.18 mmolee) wa6 dieaolved 
100% hydrazine hydrate (1.25 m l )  was added. Utu 4 b u r r  at 50' 
the prec ip i ta ted  hydraside was f i l t e r e d  ud mahod with 801d 
methanol and water. Crys t a l l i s a t ion  from hot water &.re 562 IyI 
(88%) ace ty l  te t rapept ide  hydraside, m.p. 259-24s'. 

Seryl- [tyr0syl-3,5-~Iq -Beryl-methionine methyl ea t e r  tri- 

2 Homogeneous on TLC; Rk 0.73, Rp 0.54, RZ 0.77. Spec i f ic  

Acetyl-seryl- [t~roeyl-3,5-~H] -8oryl-nethioninn maw1 
4 il methanol, ud 
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TIE: R$ 0.30, RZ 0.66; there  w a s  a small, elower 
running rad ioac t ive  contaminant ( l e s s  than 3%, checked by quan- 
t i t a t i v e  radiochromatography). Specific r ad ioac t iv i ty  unchanged, 
3.2 Ci/mmole. 

Acetyl-eeryl- [tyroeyl-3, 5-3H]-seryl-methionyl-~-tert .-butyl- 
-g lu tawl-h is  tidyl-phenylalanyl-arginyl- tryptophyl-glycine 

Acetyl-seryl- [tyr0syl-3,5-~H] -seryi-methionine hydrazide 
(560 mg, 1.03 mmolee) was diesolved i n  1.6 m l  dimethylformamide 
(DMF) with the addi t ion  of  1.9 m l  water and 0.68 m l  6N hydrochloric 
ac id  and c h i l l e d  t o  -10'. Under s t i r r i n g  73 mg (1.06 mmoles) of 
powdered sodium n i t r i t e  was added, a f t e r  5 min. following by the 
addi t ion  of the hexapeptide monoacetate H-Glu(0tBu)-His-Phe-Arg- 
-Trp-Gly-OH.CHgCOOH (9)(966 mg, 1.02 mmolee) i n  5 m l  DMF contain- 
i n g  0.56 ml triethylamine. S t i r r i n g  wae continued for two hours 
a t  -5' 
r e f r i g e r a t o r  overnight. The gelatinous r eac t ion  product was worked 
up according t o  the procedure described by Schwyzer & &. (7 )  
for the inac t ive  compound, f i l t e r e d  and c rya ta l l i zed  from 508 
w . - b u t a n o l .  Yield 1210 mg (84%), m.p. 218-221'. 

(% 0.65). The c r y s t a l l i n e  substance had a spec i f i c  r ad ioac t iv i ty  
o f  3.1 Ci/mmole. 

Ace tyl-eeryl-  [tyroey1-3.5-'H] -seryl-methionyl-#'-m.-butyl- 
-glutamyl-histidyl-phenylalanyl-arginyl-tryptophyl-glycyl-E - 
LBG_t.-butyloxycarbonyl-lysyl-prulyl-valine amide (Protected a - E H )  

(bath temperature), the mixture was then kept i n  the  

TLC (Ri 0.10) shows lee8  than 2% rad ioac t ive  contamination 

I n  25 m l  DMF 1.20 g (0.86 mmoles) labe l led  ace ty l  deca- 
peptide and 100 m g  (0.86 m o l e s )  pyridine hydrochloride were 
dissolved, t o  the so lu t ion  & -tert.-butyloxycarbonyl-lysyl-prolyl- 
-valine amide toeyla te  (985 mg, 1.6 mmolee) and triethylamine 
(0.224 ml) were added, followed by the addi t ion  of  427 mg penta- 

chloro phenol and 330 mg (1.6 mmolee) dicyclohexylcerbodiimide. 
The mixture w a s  kept a t  room temperature overnight, evaporeted 
t o  a th ick  o i l  which wae taken up i n  8 m l  methanol and precipi-  
t a ted  with a l a rge  volume of peroxyde f r e e  ether.  The p rec ip i t a t e  
wan f i l t e r e d ,  washed With e the r ,  a i rd r i ed ,  t r i t u r a t e d  twice w i t h  
water, f i l t e r e d  and dried again. The crude product weighed 
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1140 mg (73% y i e l d ) ,  but it was contaminated with small a U I O U t 8  

of unchanged ace ty l  decapeptide, dicyclohexylurea and ace ty l  
decapeptide-dicyclohexylurea derivative.  

1 The main component’s RF 0.35, because of the inhomogeneity, 
spec i f i c  r ad ioac t iv i ty  can be given on weight bas i s  only: 1 . 6 f i h g .  

Since s i l i c a  gel column chromatography l e d  t o  the pure 
product with s ign i f i can t  l o s ses ,  fu r the r  pu r i f i ca t ion  and cha- 
r ac t e r i za t ion  o f  the protected,  l abe l led  a-MSH was abandoned, 
and the crude compound was w e d  i n  the deblocking etep. 

Acetyl-sexyl- [tyrosyl-3, 5-’jH] -seryl-methionyl-glut aroyl-histidyl- 
-phenylala~l-arg~nyl-tryptophyl-glycyl-lysyl-prolyl-val~ne 
amide ( o c M S H )  

The crude protected,  l abe l led  a-MSH deecnbed above (906 198) 
was dissolved i n  20 ml t r i f l uo roace t i c  ac id ,  containing 2.0 m l  
water and a small amount o f  mercaptoethanol. A f t e r 2 0  minutes a t  
room temperature the solvent was d i e t i l l e d  o f f ,  the  res idue  dis- 
solved i n  6 m l  water, and the small amount of insoluble substance 
(mainly dicyclohexyl urea)  removed by f i l t r a t i o n .  The peptide tri- 
fluoroacetate was transformed in to  ace ta te  by f i l t e r i n g  through a 
2x15 cm Amberlite IRA-400 (ace ta te  cyc le )  ion exchanger column and 
the so lu t ion  l iophylised. 

The r e s u l t i n g  f r e e  peptide (710 mg) was dissolved i n  9 ml 
(pH 5.3) ammoniumacetate buf fer  and f rac t iona ted  on a 0.05 molar 

1.6 x 25 am carboxymethyl ce l lu loee  column equi l ibra ted  with the  
same buffer solution. Elutions were car r ied  out with the  following 
ammonium ace ta te  buffers:  0.05 8 6 ,  pH 5.3 (200 ml); 0.05 Y, pH 
5.5 (500 ml) ; 0.05 M, pH 5.7 (350 m l ) ;  0.10 M, pH 6.2 (x)O d) 
and f i n a l l y  0.06 M ammonium hydroxide (200 m l ) .  10 ml fractions 
were co l lec ted  a t  the flow r a t e  of 60 m l  per hour, f r ac t iona t ion  
w a s  followed by continuous measuring of absorbance a t  200 m. 
Fai r ly  much substance has been found i n  the first f r ac t ione  
(167 me, mainly decapeptide and der iva t ive) ,  pure a-MSH w a s  
co l lec ted  from the 69-107 f r ac t ions  (pH 5.7 buf fer ) ,  y ie ld ing  
a f t e r  l iophyl i sa t ion  to  constant weight 310 mg (3596, calculated 
t o  the crude, protected 
column a t o t a l  amount of 677 mg was recovered. 

a-tdSH).From the mater ia l  applied t o  the  
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From 8maller mount  (193 atg) the f r ac t iona t ion  o f  crude 
e-uSrr wae reproduced using CM-Sephadex C 25 ion  exchanger column 
with the followizg ammonium ace ta t e  buffer eolutions:  
p#l 5.7 (150 e); 
(170 ml); 0.25 111, pH 6.9 (250 ml) and 0.05 M ammonium hydroxide 
(50 m l ) .  8 m l  f r ac t ions  were co l lec ted  a t  a flow r a t e  of 45 m l  p m  
how, t o t a l  mount  recovered 171 mg, f r ac t ions  46-63 contained 
pure a-USH, yie ld  a f t e r  l iophyl i sa t ion  to  constant weight 88 mg. 

The pur i f ied ,  l abe l l ed  a-MSH proved to be homogeneous an 
paper electrophoresia (1200 V, pH 3.8, 6.5 cm t o  the cathode); 
amino acid ana lys i s  (24 h. hydrolysis i n  6N HC1,  105' i n  evacuated 
tube) gave the following r e s u l t s :  Ser 2.09, Tyr 1.13, Met 1.0, 
Glu 1.09, Hie 0.98, Phe 1.02, Arg 0.96,. Gly 1.10, Lys 0.95, 
Pro 1.09, Val 1.09, Trp wee not determined. Specific radio- 
a c t i v i t y  2.8 Ci/mmole. 

0.05 Pd, 
0.075 Y, pH 6.2 (110 ml); 0.10 M, pH 6.5 
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