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The widespread dis tr ibut ion of inhibitor(s) of tyrosinase 
casts doubts  upon the specificity of inhibitor(s) present 
in amelanotic  melanomas and makes it difficult to inter- 
pre t  the role of inhibitors as controlling factors in melano- 
genesis s. 

Table I t .  Effects of heat ing and dialysis on the inhibitory- effect of 
l iver homogenate on tyrosinase act ivi ty  of B16 melanoma homogenate 

Experiment  Tissue Treatment  Tyrosinase Decrease 
No. act ivi ty  s (%) 

1 - - 17.0 - 
Liver None 4.2 75 
Liver Dialysed 9.2 46 
Liver Heated 7.2 58 

2 - - 40.6 - 
Liver None 25.6 37 
Liver Dialyzed and 37.4 8 

heated 

nmoles of tyrosine oxidized. 

Rdsumd. Les inhibiteurs de tyrosinase ont  6t6 trouv6s 
dans des extrai ts  de foie, de rein, de rate  et de cerveau 
de ra ts  et  de souris, ainsi que dans des tumeurs am61ano- 
t iques $91, des s6rums humains, des extra i ts  de foie, 
de rein, de rate,  de sein, et  de peau humaine.  I1 y a au 
moins deux inhibiteurs:  le premier, s table ~ Ia chaleur 
e t  d i a l y s a b l e ,  t a n d i s  q u e  le s e c o n d  e s t  l a b i l e  ~ l a  c h a l e u r  
e t  n o n - d i a l y s a b l e .  
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A r g i n i n e - V a s o p r e s s i n ,  L y s i n e - V a s o p r e s s i n ,  a n d  

Solid-phase synthesis ~ is a useful procedure for the  
prepara t ion  of pept ides  4 and polynucleotides S possessing 
structures of great  diversi ty.  Insolubi l i ty  of in termediary  
products  a t tached to a solid support  in conjunction with 
automat ion  of the  repet i t ive synthet ic  cycle render this 
method ideal for the preparat ion of radioact ively labeled, 
na tura l ly  occurring biopolymers.  In  this communicat ion 
we report  on the  applicat ion of the stepwise solid-phase 
procedure to the synthesis of [9-glycinamide-l-14C]- 
a r g i n i n e - v a s o p r e s s i n  ( I*C-AVP),  [ 9 - g l y c i n a m i d e -  1-xiC]- 
lysine-vasopressin (14C-LVP), and [9-glycinamide-l-14C]- 
oxytocin (14C-OT) with specific radioactivi t ies  of about  
30, 25 and 30 mCi/mmole, respectively (Figure). 
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The preparat ion of the protected nonapeptides,  i.e. 
for 14C-AVP, S-Bzl-N-Tos-Cys-Tyr-Phe-Gln-Asn-S-Bzl- 
Cys-Pro-NG-Tos-Arg-laC-Gly-NH2 (I); for 14C-LVP, S- 
Bzl-N-Z-Cys-Tyr-Phe-Gln-Asn-S-Bzl-Cys-Pro-N*-Z-Lys-  
14C-Gly-NH, (II);  and for 14C-OT, S-Bzl-N-Z-Cys-Tyr- 
Ile-Gln-Asn-S-Bzl-Cys-Pro-Leu-x4C-Gly-NH2 ( I I I )  was  
performed according to the procedure used for the solid- 
phase synthesis of arginine-vasopressin ~. For  the syn- 
thesis of I, 4.2 mmoles of glycine-l-14C (14C-Gly) (specific 
r a d i o a c t i v i t y  30.7 m C i / m m o l e ,  L o t  9037-53,  I C N  T r a c e r  

1 Supported by National Inst i tutes  of Health grants No. AM-13567 
a n d  No. AM-10080 and the Atomic Energy Commission. 

2 Abbreviations follow the rules of the IUPAC-IUB Commission 
on Biochemical Nomenclature in Biochemistry 5, 2485 (1966). All 
optically-active anfiuo acids are of L-configui-ation. The following 
additional abbreviations were used: N-hydroxysuccinimide ester 
(OSu), ethanol (EtOH), methanol (MeOH), acetic acid (AeOH), 
n-butanol (n-BuOH), pyridine (Pyr) and N,N'-dicyclohexylcar- 
bodiimide (DCCI). Protected peptides and hormones were visu- 
alized on thinlayer  plates according to the procedure by  H. ZAItN 
and E. REXROTH, Z. anatyt.  Chem. 148, 18t (1955). The biological 
activities of the hormones were measured against  the U.S.P. 
Posterior Pi tui tary  Reference Standard;  the four-point design 
was used for these bioassays and s tandard errors were calculated 
according to the method of C. I. BLtSS, The Statistics o] Bioassay 
(Academic Press, New York, N.Y. 1952). 

a R. B. MERRIFIELD, J. Am. chem. Soc. 85, 2149 (1963). 
4 R. B. MERRIFIELD, in Recent Progress in Hormone Research (Ed. 

G. PiNeus; Academic Press, New York 1967), vol. 23, p. 451. 
5 H. HAYATSU, Protein Nucleic Acid Enzyme 13, 869 (1968). - 

F. CRAMER and H. K/SSTER, Angew. Chem. 80, 488 (1968). - 
H. HAYATSU and H. G. KHORANA, J. Am. chem. Soe. 89, 3880 
(1967). - L. R. MELBV and D. R. STROBACH, J. Am. chem. Soc. 
89, 450 (1967). 

6 j .  MEIENIIOFER, A. TRZECIAK, T. DOUgA, O. HECItTER, R. T. 
HAVRAN, I. L. SCHWARTZ and R. WALTER, in Peptides 1969 (Ed. 
E. SCOFFONE; North-Holland Pub, Co., Amsterdam, in press). - 
J. MEIENtlOFER, A. TRZECIAK, R. T. HAVRAN and R. WALTER, 
J. Am. chem. Soc., 92, 7199 (1970), 



646 Specialia EXPERIENTIA 27/6 

Lab)  was  c o n v e r t e d  7 to  3.2 m m o l e s  (77%) of Boc-14C-Gly 
[homogenous  u p o n  t h i n l a y e r  c h r o m a t o g r a p h y  on  Sil ica 
gel G (Type  Q1, Q u a n t u m  Ind. )  w i t h  n - B u O H : A c O H :  
H 2 0  ( 2 : 1 : 1 ,  v / v / v )  ($I), R f  0.9], w h i c h  was  es ter i f ied  
w i t h  c h l o r o m e t h y l a t e d  c o p o l y s t y r e n e - 2 %  d i v i n y l b e n z e n e  
res in  (2.2 g res in  c o n t a i n i n g  1.5 m m o l e s  C1/g, M a n n  
Chem.  Co.). The  Boc-14C-Gly-resin c o n t a i n e d  0.55 m m o l e s  
x*C-Gly/g as  d e t e r m i n e d  b y  V o l h a r d  t i t r a t ionZ .  A n  
i n d i v i d u a l  cycle for  t h e  i n c o r p o r a t i o n  of e ach  a d d i t i o n a l  
a m i n o  ac id  i n v o l v e d  ac idolys is  of t h e  N - p r o t e c t i n g  g r o u p  
of t h e  t e r m i n a l  a m i n o  ac id  res idue  fol lowed b y  n e u t r a l i z a -  
t i o n  w i t h  t r i e t h y l a m i n e  a n d  s u b s e q u e n t  a c y l a t i o n  w i t h  
t h e  p rope r ly  p r o t e c t e d  a m i n o  acid  de r iva t i ve .  B e t w e e n  
i n d i v i d u a l  o p e r a t i o n s  e x t e n s i v e  wash ings  were  p e r f o r m e d  
w i t h  CHzC1, or  DMF,  fol lowed b y  abso lu t e  e thano l ,  a n d  
f ina l ly  b y  glacia l  ace t ic  acid.  All  a m i n o  acid d e r i v a t i v e s  
were  a d d e d  in 5- to  7-fold excess  a n d  were  a l lowed to  
r eac t  for  15 to  24 h. DCCI  was used in  t he  coup l ing  of 
Boc-Arg(Tos)  7,s, Boc_PheT,9, a n d  Tos-Cys(Bzl)  10, whi le  
t he  o t h e r  a m i n o  acid d e r i v a t i v e s  were i n t r o d u c e d  in t h e  
p resence  of 1, 2, 4- t r iazole  11 v ia  a c t i v a t e d  es te rs  (i.e. Boc-  
P r o - O S u  xs, N p s - A s n - O S u  18, N p s - G l n - O S u  is, Boc-Cys-  
(Bzl ) -ONp xl). A m m o n o l y s i s  of t h e  p r o t e c t e d  n o n a p e p t i d e -  
~esin (1.03 g) was  ca r r ied  o u t  as desc r ibed  a to  give t h e  
c rude  p r o t e c t e d  I (370 rag). T h i s  m a t e r i a l  r ed i s so lved  in 
AcOH-abs .  E t O H  y ie lded  170 m g  (22%)x,  of c rys t a l l i ne  I 
[homogeneous  u p o n  t h i n l a y e r  c h r o m a t o g r a p h y  w i t h  
CHC13:MeOH (8:2) ($2); i den t i ca l  R f  w i t h  a u t h e n t i c  
s ample  of u n l a b e l e d  I, Rf  0.71]. R e d u c t i o n  of I w i t h  
sod ium in l iqu id  a m m o n i a  as app l i ed  to  t he  or ig inal  is 
a n d  s u b s e q u e n t  e s y n t h e s e s  of AVP,  fol lowed b y  o x i d a t i v e  
cyc l i za t ion  w i th  f e r r i cyan ide  a n d  desa l t i ng  w i t h  A G 3 X 4  ~, 
y ie lded  x*C-AVP, w h i c h  was pur i f i ed  b y  p a r t i t i o n  chro-  
m a t o g r a p h y  o n  S e p h a d e x  G-25 w i t h  n - B u O H : E t O H :  
P y r : 0 . 1 N  A c O H  ( 4 : 1 : 1 : 7 ) .  laC-AVP was  d e t e c t e d  b y  
r a d i o a c t i v i t y  m e a s u r e m e n t s  x7 as a s y m m e t r i c a l  p e a k  
(Rf  0.33) i den t i ca l  t o  t h a t  of u n l a b e l e d  A V P .  A d d i t i o n a l  
a u t h e n t i c a t i o n  of l i C - A V P  (yield 2 9 r a g ,  27%)  is was  
a c h i e v e d  b y  c h r o m a t o g r a p h i c  c o m p a r i s o n  w i t h  ' co ld '  
A V P  o n  Sil ica gel G [ n - B u O H  : A c O H : H , O  ( 4 : 1 : 5 ,  u p p e r  
phase)  ($3); s ingle spot ,  R f  0.43 a n d  b y  b i o a s s a y  (in t h e  
r a t  p ressor  assay19; t he  m a t e r i a l  exh ib i t ed  a n  a c t i v i t y  
of 416 -6 16 U/mg,  a va lue  s i m i l a r  to  t h a t  r epo r t ed  b y  
o t h e r  worker s  6, s0). 

S imi lar ly ,  I I  was  p r e p a r e d  in  a s tepwise  m a n n e r  
excep t  t h a t  DCCI was used as coup l ing  a g e n t  for  Boc-  
Lys(Z)  7, Boc -P ro  v, Boc-Cys(Bzl)  7, Boc- (Phe)  7 a n d  Boc- 
Tyr7  a n d  t h a t  Z-Cys(Bzl)  was  i n t r o d u c e d  as i t s  p -n i t ro -  
p h e n y l  esterSL W h e n  s t a r t i n g  w i t h  1.0 g of s u b s t i t u t e d  
p o l y m e r  (0.30 m m o l e s  of 14C-Gly/g resin,  25 m C i / m m o l e ,  
New E n g l a n d  Nuclear )  we o b t a i n e d  146 m g  (33%) of 
pur i f i ed  a m o r p h o u s  I I ,  w h i c h  was  c o n v e r t e d  to  h o r m o n e  
a n d  u p o n  p u r i f i c a t i o n  gave  19 m g  (20%) of xaC-LVP 
[ p a r t i t i o n  c h r o m a t o g r a p h y  on  S e p h a d e x  G-25 w i t h  
n - B u O H : E t O H : P y r : 0 . 1 %  A c O H  ( 5 : 1 : 1 : 8 ) ,  R f  0.17. 
Single  spot ,  i den t i ca l  w i t h  cold L V P ,  u p o n  t h i n l a y e r  
c h r o m a t o g r a p h y  w i t h  S l, R f  0.4; 304 -6 22 U / m g  r a t  
p ressor  ac t i v i t y ,  w h i c h  co r r e sponds  to  t h e  h i g h e s t  v a l u e  
r e p o r t e d  to  d a t e  for  LVP**]. 

I*C-OT was  o b t a i n e d  s imi lar ly .  N o n a p e p t i d e - r e s i n  
(0.5 g) [0.55 m m o l e s  of 14C-Gly/g r e s in ;  30.7 mCi /mmole ,  
ICN T r a c e r  Lab .  Boe-Leu  ~ a n d  Z-Cys(Bzl) ,1  were  i n t ro -  
duced  w i t h  DCCI a n d  Boc-I le  as  i t s  p - n i t r o p h e n y l  
es te rn~ gave  u p o n  a m m o n o l y s i s  1 2 0 r a g  (40%) a m o r -  
p h o u s  I I I  [ t h in l aye r  c h r o m a t o g r a p h y  w i t h  Sz (Rf  0.60); 
iden t i ca l  w i t h  un labe led ,  p r o t e c t e d  n o n a p e p t i d e  of OT]. 
Convers ion  of I I I  gave  a~C-OT, wh ich  was  pur i f i ed  b y  
p a r t i t i o n  c h r o m a t o g r a p h y  as descr ibed  for  u n l a b e l e d  
o x y t o c i n  *s. The  r e su l t i ng  ~C-OT [ 9 m g  (10%)]  gave  
upon  t h i n l a y e r  c h r o m a t o g r a p h y  w i t h  Sz a s ingle  spot ,  

i den t i ca l  w i t h  o x y t o c i n  (Rf  0.47) a n d  possessed a n  a v i a n  
va sodep re s so r  a c t i v i t y  ~4 of 4 8 2 - 6 1 4  U/rag,  a va lue  re- 
p o r t e d  for  h igh ly  pur i f i ed  h o r m o n e  Sl, ss. 

Zusammen/assung. Die S y n t h e s e  v o n  Arg in in -Vaso-  
press in ,  Lys in -Vasopre s s in  u n d  Oxy toc in ,  de ren  Glyc in-  
res t  eine ~*C-Markierung t r i igt ,  wi rd  m i t  Hi l fe  de r  Fes t -  
k 6 r p e r m e t h o d e  n a c h  MERRIFIELD beschr i eben .  
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