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C RF-activity MSH activity 
Substances Versus 4 ~g of CRF 91 • Ulg 

Natural 
Fraction 3 
Fraction 4 
Fraction 5 
Synthetic 
N-e-formyI-a-MSH b 
Hexapeptide e 
Heptapept ide 
Decapeptide 

1.0 ~g : 1,3 
1.0 vg : 1,3 
1.0 tug : 0.8 

4 ~g : 0.7 
4 t~g : 1.2 
0.1 p~g : 1.0 
0.1 t~g : 1.0 

5 ~ x  I0 a ~ 

2X 101° 9 
2X 10 5 e 

2.8× 10 5 e 

As explained in ref. 1 and ~, one determines the amount 
of unknown substance, giving a release of ACTH equal to that 
given by 4 p~g of the standard CRF 91 : if we take for instance 
fraction 8, we see that 1 t~g of this fraction provokes a release 
of ACTH equal to that produced by 1.3 × 4~g of CRF 91, and 
that 0.1 ~g of the heptapeptide produces a release equal to 
that given by 1.0 × 4 ~tg of CRF 91, etc. In the latter example, 
we would say that the heptapeptide is about 40 times more 
active than CRF 91; but this assumption can be made only 
when the ratio xl4 t~g CRF 91 is equal to 1.0. 
b N-~-formyl-~z-MSH: Ac.Ser.Tyr.Ser.Met.Glu.His.Phe.Arg. 
Try.Gly.Lys.Pro.Val(NH~) ! 

N-e-formyL 
NH~ 
I 

Hexapeptide: H. Glu. His. Phe. Arg.Try. Gly. OH 
NHa 
l 

Heptapeptide: H. Met. Gtu. His. Phe. Arg. Try. Gly. OH 
NHz 

Deca- I 
peptide: H. Ser. Tyr. Ser. Met. Glu. His. Phe. Arg.Try. Gly.OH 

- t he  fac t  t h a t  h igh ly  pur i f ied  n a t u r a l  ~-MSH v, as well  
as s y n t h e t i c  Io rmyl -~-MSH,  k ind ly  suppl ied  by  Dr.  
K.  HOYMANN, h a v e  no  s ign i f ican t  C R F  ac t iv i ty .  
I n  t h e  course of t h e s e  e x p e r i m e n t s  we have  s tud ied  

severa l  s y n t h e t i c  p ep t i d e s  re la ted  to  t h e  g roup  of t he  
Cor t i co t rop ins  and  t h e  Melanophore  S t i m u l a t i n g  Hor -  
mo n es ,  generous ly  supp l i ed  b y  Drs.  S c n w v z E g  a n d  KAP- 
PELER s. We have [ound that several o/these peptides, having 
a sequence in  common with the Corticotropins and the M S H  
have a strong invitro C R F  activity, higherthan that o] the most 
active natural/factions so /ar  obtained by us (Table). 

M. PRIVAT DE GARILHE, C. GROS, 
J .  PORATH, and  EVA-BRITA LINDNER 

Laboratoire de Chimie biologique de la Facultd des 
Sciences, Paris (France) and Biokemiska lnstitutionen, 
Uppsala (Sweden), June l, 1960. 

Rdsumd 

U n e  f rac t ion  pep t id ique  a y a n t  une  for te  ac t iv i t6  d ' h y -  
p o p h y s o - s t i mu l i n e  ~ effet  co r t i co t rope  ou ,Cor t i co t rop in  
Re leas ing  F a c t o r ,  (CRF),  in vitro, a 6t6 ob tenue  ~t p a r t i r  
de  la p o u d re  d ' h y p o p h y s e s  post6r ieures  de pore  pa r  les 
ope ra t ions  su ivan te s  : 

1. E x t r a c t i o n  de la poudre  avec  l 'ac ide  ac6t ique dilu6; 
2. P r ec i p i t a t i o n  f rac t ionn6e ~t l ' ac6 tone;  3. D i s t r ibu t ion  h 
co n t r e  c o u r a n t ;  4. E lec t rophor~se  de  zones.  

L a  cons t i t u t i on  en a m i n o  acides  de ce t t e  f rac t ion  es t  
tr~s vois ine  de  celle de  I'c¢-MSH; c e p e n d a n t  ~-IVlSH e t  
C R F  ne s o n t  pas  i den t iques  pour  des ra isons  ch imiques  e t  
phys io logiques .  B ien  que  I'¢¢-MSH n ' a i t  pa s  d ' ac t iv i t6  
C R F  signif icat ive,  des  p ep t i d e s  syn th6 t iques  a y a n t  une  
s6quence c o m m u n e  avec  I'0~-MSH poss~den t  ce t t e  act ivi t6 .  

of PORATH et al. 3. The  3 f i rs t  s t eps  have  a l r eady  been  
descr ibed1;  we descr ibe  here  on ly  t h e  4 th s t ep :  

The material coming from the counter current distribution (25 mg) 
was dissolved in 1 ml of 0.1 N acid and put on a cellulose column of 
0.6× 25 cm; dinitrophenyi-ethanolamine was used as a tracer and 
the run was performed in 0.6 M pyridinium acetate; 0.2% phenol 
was added as a preservative and the temperature of the buffer was 
maintained at about 10-12°C with circulating water. The electro- 
phoresis was run under 30 mA and 300 volts. Fractions of 2 ml were 
collected every 20 min and ninhydrin analysis was performed on 
0.2 ml samples after acid hydrolysis (HCI 15 h in sealed tubes at 
100 ° c). 

I n  th is  m a n n e r  severa l  f rac t ions  were  ob t a ined  n u m -  
be red  1, 2, 3, 4, etc. ,  t he  f i rs t  one  appea r ing  a f t e r  12 h. 
The  f rac t ion  2 cons is t s  ma in ly  of t he  t r i pep t i de  Leu.  Arg.  
Leu ;  t h e  C R F  ac t iv i ty  was  found  in peaks  3 a n d  4 (see 
Table) .  These  2 ac t ive  f rac t ions  (3 and  4) r ep re sen t  a p p r o x -  
ima t e ly  10~o of t h e  ma te r i a l  p u t  on  t h e  column.  F r a c t i o n s  
3 a n d  4 were  also ana lyzed  for  t he i r  amino-ac id  compos i -  
t ion :  f rac t ion  3 has  a compos i t ion  s imilar  to  t h a t  of t h e  
¢e-Melanophore S t imu la t ing  H o r m o n e  (c~-MSH) given b y  
HARRIS 4, w i t h  t he  excep t ion  t h a t  t h r eon ine  a n d  leucine 
were  p resen t .  

The  i d e n t i t y  b e t w e e n  ~-MSH and  C R F  has  been  en-  
v isaged  for a while b y  ourselves  a n d  b y  GUILLI~MIN' et al. 5 
This  i d e n t i t y  does n o t  seem possible  now for t he  fol lowing 
reasons  : 
- t h e  p resence  of t h r eon ine  and  leucine in t he  molecule of 

t he  pept ide(s)  possess ing C R F  ac t iv i ty ,  
- t he  fac t  t h a t  t h e  ac t ive  f rac t ion  3 has  an  M S H  ac t iv i ty  

a m o u n t i n g  only  to  1-2.5~o of t h a t  of pure  x -MSH;  th is  
weak  M S H  ac t i v i t y  m a y  be e i the r  in t r ins ic  to  the  ma-  
te r ia l  or m a y  r e p r e s e n t  some c o n t a m i n a t i o n  w i t h  
a -MSH e, 

3 j .  PORATH, E. B. LINDNER, and S. JERSTEDT, Nature 18~, 794 
(195s). 

4 j .  I. HARRIS, Biochem. J. 71, 451 (1959). 
5 R. GUILLEMIN~ A. V. SCHALLY~ and R. N, ANDERSEN~ Fed.Proe. 

19, part I, 239 (1960). 
6 We are indebted to Dr. I. I. GESCUWlND (Berkeley) who was 

kind enough to perform MSH assays on this substance. 
7 A. V. SCHALLY, R. GmLLEMIN etal,, personal communication, 
$ H. KAPPELER and R. SCHWYZER, Exper. 16, 183 (1960). 
9 K. HOFMANN, personal communication. 

Synthetic Peptides Related to the Corticotropins 
(ACTH) and the Melanophore St imulat ing  
Hormones  (MSH) Posses s ing  Corticotropin 

Releasing Activity (CRF-Activity)  

Our  s y n t h e t i c  work  in t he  field of f l -MSH I r equ i red  t h e  
syn thes i s  of a n u m b e r  of p e p t i d e s  w i t h  amino-ac id  se- 
quences  c o m m o n  to  ACTH,  ~-MSH,  a n d / L M S H .  A m o n g  
these  were  t h e  p e n t a p e p t i d e  (I), t he  h e x a p e p t i d e  (II), and  
the  h e p t a p e p t i d e  ( I I I ) .  The  l a t t e r  c o m p o u n d  con ta ins  the  
whole  amino-ac id  sequence  c o m m o n  to  all t h r e e  h o rmo n es  
of t he  p i t u i t a r y  m e n t i o n e d  above .  

LI 2 and  HARRIS 3 have  p u t  fo rward  the  hypo thes i s  t h a t  
t h e  c o m m o n  sequence  m i g h t  h a v e  some special  biological 

I R. SCHWYZER, H. KAPPELERp B. ISELIN~ W. RITTEL, and H. 
ZUBER, Helv. chim. Acta 42, 1702 (1959). 

C. H. LI, Adv. Protein Chem. 12, 288 (1957). 
a j .  I. HARRIS and P. Roos, Biochem. J, 71, 434 (1959). 
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I (hydrochloride) 
NH~ 

I 

H G HtHis pholArg Try  ly-OH 
I I (acetate) 

NH, 

H- etlOlu I " s0Phe TrylOly 
I I I  (acetate) 

NH~ 
I 

I I IPhe ] Arg I Try Gly -OH .v) Ser Met Glu His 

IV (free base?) 
NH z 

V (acetate) 

NH~ NO 2 ~ 

Z - ~ - O M e  Z ~ P h e  A r g - O H  H-ITry G ly -OMe  

NH~ NO~ 
I t 

Z - ~ ~ O H  Z ~ P h e  Arg Try Glyl-OMe 

NH~ H @ 
, i  1 

Z-IGIu His Phe  Arg Try Glyl-OMe 

NH~_ H ~ AcO ~ m 

II. amorphous, [~]~ = -- 23.6 ° 4- 1.8 ° (e = 0.466 in 1 N HC1); 
Rf 45 e = 0.47; Rj. 43 n = 0.35 (Whatman No. 3); Amino-acid 
analysis~: Glul, Hisl, Phel, Argx, Glyl, NHa 1.2 (tryptophane was 
destroyed during hydrolysis). Leucineaminopeptidase completely 

hydrolyses II within a short period of time. 

BOC- Ser Tyr  Serf-N a 

NH 2 H@AcO O 

H -  IMet Glu His ]?he Arg Try Glyl-0] 

NH a H ~ A e O  O 

BOC--1Ser Tyr  Set 

H ~ S e r  Tyr  Set 

Met Glu His Phe Arg Try  Gly-0: 

NHa H@AcO O 
I I 

Met Glu His Phe Arg Try Gly-O 

V: amorphous, R145 n = 0.51, RI50 t° = 0.47, R154ts = 0.58 

Fig. 3. Synthesis and properties o/the decapeptide V 

s ignif icance,  espec ia l ly  w i t h  r e spec t  to  t h e  m e l a n o p h o r e  
s t i m u l a t i n g  p rope r t i e s  of al l  t h r e e  t y p e s  of h o r m o n e .  T h e  
p e p t i d e s  I, I I ,  a n d  I I I  a c t u a l l y  do  el ic i t  a v e r y  sma l l  
M S H - a c t i v i t y  w h i c h  increases  w i t h  t h e  l e n g t h  of t h e  pep-  
t ide  c h a i n  (I =~ 0.3 x 105, I I  = 2 × 105, a n d  I I I  = 2.8 × 105 
U / g  in  t h e  in vitro a s s a y n ) ,  c o m p a r e d  w i t h  a - M S H  = 
2 × 10 ~°, f lb -MSH = 2 × 109 a n d  ,¢b-ACTH = 0.5 × 10sU/g) .  
HOFMANN et al. h a d  a l r e a d y  s y n t h e s i zed  I as well  as t h e  
o c t a p e p t i d e  IV,  t h e  l a t t e r  be ing  ac t ive  a t  a level  of 
7 × 105 U / g  t2  T h e  h e p t a p e p t i d e  I I I  d i sp lays  no  A C T H -  
a c t i v i t y  in  t h e  SAVERS' a s say  la as f o u n d  b y  Prof .  D r . W .  
SCHULER in  o u r  b iological  l abora to r ies .  

Some  of o u r  s y n t h e t i c  p e p t i d e s  were  k i n d l y  t e s t e d  for  
C R F - a c t i v i t y  a t  t h e  L a b o r a t o i r e  de Chimie  Bio log ique  of 
t h e  U n i v e r s i t y  of P a r i s  w i t h  t h e  in vitro as say  of SAFFRAN, 
SCHALLY, a n d  BENFEY 14. Dr .  M. P.  DE GARILHE a n d  Mile 
C1. GROS found  t h a t  especia l ly  t h e  h e p t a p e p t i d e  (III) h a s  
a v e r y  h i g h  a c t i v i t y  as  c o m p a r e d  w i t h  isola ted,  n a t u r a l  
ma te r i a l .  As t h e  h e x a p e p t i d e  (II) was  m a r k e d l y  less 
p o t e n t ,  we p r e p a r e d  t h e  d e c a p e p t i d e  (V) : i t  p r o v e d  to  be  
a c t i v e  in  t h e  same  r a n g e  as I n  These  a re  t h e  f i rs t  syn-  
t h e t i c  pep t i de s  eve r  r e p o r t e d  to  h a v e  C R F - a c t i v i t y .  

DE GARILHE, GROS, PORATH, a n d  LINDNER are  s imul -  
t a n e o u s l y  c o m m u n i c a t i n g  t h e  b io logica l  a spec t s  of t he se  

Fig. 1. Synthesis and properties o] the hexapeptide I I  
Z =  carbobenzoxy. Strong underline denotes crystattinity of the 
compound. Condensations were performed with dicyclohexyI-carbo- 

diimide 8 

NH 2 H @ 
! I 

BOC-[Met Glu H i s - O H  H - P h e  Arg Try Gly-OMe 

NH~ H@CI (3 
.................. I I l 

BOC--Met Glu His Phe Arg Try  Glv[-OMe 
"1 

NH= H@AcO @ 
I i .... 

H-IMe t Glu His Ph  e A r g  Try Glyl-OH 

III. Mp. 192°C (decomp.); [~]~ = -- ~5.3 ° -4- 7" (c = 1.108 in di- 
methyl formamide); amino-acid analysisX~): Met1, Glul, Hist, Phel, 
Argl, GIyl, NHa 1 (tryptophane was destroyed during hydrolysis}. 

Fig. 2. Synthesis and Properties o/the Heptapeptide I I I  
BOC- =/-Butyloxycarbonyl; condensation was performedwith diey- 

clohexyl-earbodiimide 1,, 

4 Paper chromatography system No. 43 is: t-amylic alcohol]iso- 
propanol/water (100:40:55); system No. 45 is: sec.-butanol]3% solu- 
tion of ammonia {I00:44). 

5 S. MOORE, D. H. SPACKMAN, an.d l*/V. H. STEIN, Analyt. Chem. 
30, 1185, 1190 (1958). Our thanks are due to Prof. Dr. M. BRENNER 
and Dr. R. WEBER (Org.-chenfisehe Anstalt der Universit~t Basel) 
for kindly doing the analyses. 

6 j .  C. SHEEHAN and G. P. HEss, J. Amer. chem. Soc. 77, 1067 
(1955). 

Kindly funfished by Dr. B. ISELIN Of our Research Division. 
s Paper chromatography system No. 50 is; t-amy1 alcohol/iso- 

propanol/triethylamine/veronal[water (100 mh40 mh0.8 mh 1.8 g: 
50 ml); system No. 54 is: sec.-butanol[isopropanol[monochloroacetic 
acid]water (70 mh 10 mh3 g:40 ml). 

a We wish to thank Dr. C. H. LI, Hormone Research Institute, 
U. C., in Berkeley (California), for carrying out the assays. 

10 K. HOFMANN, M. E.~VOOLNER, G. SPO~LER, and E.T. SCHWARTZ, 
J. Amer. chem. Soc. 80, 1486 (1958). - K. HOFMANN, Th. A. THOMI'- 
son, and E. T. SCHWARTZ, J. Amer. chem. Soc. 79, 6087 (1957). 

IlL M . A .  SAYERS, G. SAYERS, and C. A. VV'OODBURY, Endocrino- 
logy 42, 379 (1948). 

]i M. SAEFRAN, A.V. SCHALLY, and B. G. BENFEY, Endocrino- 
logy 57, 399 (1957). 

13 M. P. DE GARILHE, CL. GROS, J. PORATH, and E. B. LINDUER, 
Exper. 16, 414 (1960). 

1¢ K. SOl'MANN, W. PECKHAM, and A. RHEINER, J. Amer. chem. 
Soc. 78, 238 (1956). 

xs H. KAPPELEE, detailed paper for Helv. chim. Acta in prepara- 
tion. 
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f indings in. W-e shah  here  only  give a p re l iminary  repor t  on 
the  syntheses  of t he  compounds  I I ,  I I I ,  and  V (Fig. 1-3) ; 
de ta i led  papers  are to  appea r  elsewhere. 

H.  KAPPELER and R.  SCHWYZER 

ForschungsIaboratorien der CIBA Akliengesellschafl, 
Pharmazeutische Abteilung, Basel, June ;, 1960. 

Zusammen/assung 

Ein ige  Pept ide ,  s t rnk ture l l  fi~hnlich den  gemeinsamen  
Aminosi~uresequenzen der  drei  H y p o p h y s e n h o r m o n e  
ACTH,  ~- und fl-MSH, wurden  synthet is ier t .  Sic zeigen 
eine sehr  schwache  W i r k u n g  auf  die Melanophoren (V 
wurde  n ich t  gepriift) ; das  H e p t a p e p t i d  ( I I I )  bes i tz t  keine 
ACTH-Akt iv i t~ i t .  Die  drei  Verb indungen  I I ,  I I I  und V 
vergr6ssern  die ACTH-Aussch i i t t ung  im  in vitro-Versuch 
y o n  SAFFRAN, SCHAI.LY und BENFEV ~ stark.  D a m i t  s ind 
die ersten syn the t i schen  Pep t ide  m i t  dieser C R F - A k t i v i -  
t a t  gefunden.  

Adrena l ine -Noradrena l ine  
Content  of the S u b m a x i l l a r y  Gland of the Cat 

I t  has  been  suggested t h a t  some sym pa th i com ime t i c  
amines,  e . g .  t y ramine ,  exe r t  the i r  effect  by  release of 
adrena l ine-noradrena l ine  (BURN and  RAND 1). I n  t he  pre- 
sent  exper iments ,  the  effect  on  the  adrenal ine-noradre-  
nal ine con ten t  of t he  submaxi l l a ry  gland caused by  infu- 
sion of t y r a m i n e  has  been studied.  

Methods. Ten  cats  were used for t he  exper iments .  One 
series consis ted of three  no rma l  cats.  I n  a series of f ive 
cats,  t h e  effect  of an  in t r avenous  infusion of t y r a m i n e  was 
s tudied.  I n  two  cats,  the  super ior  cervical  gangl ion of one 
side was excised 3 weeks before the  exper iment .  

t h e  e s t ima t ion  of the  ca techols  was m a d e  one or  two  days  
later .  

Estimation o/ adrenaline-noradrenaline ~. The noradre-  
nal ine and adrenal ine  con ten t  of the  homogena tes  was 
e s t ima ted  according to the  f luorometr ic  m e t h o d  descr ibed 
by  BERTLER, CARLSSON, and ROSENGREN a. The  simplif ied 
ex t r ac t i on  v a r i a n t  of t he  procedure  was used. A sl ight  
er ror  is a d m i t t e d l y  in t roduced  hereby,  especial ly since the  
glands  were  no t  weighed,  in order  to reduce the  t ime  de lay  
be tween  r emova l  and  homogeniza t ion .  The  error  intro-  
duced  is, however ,  only  of the  order  of 1%, even  if i t  is 
assumed t h a t  t h e  weigh t  of an  organ weighing abou t  1 g 
can  be e s t ima ted  by  s ight  n o t  b e t t e r  t h a n  wi th in  =[: 0.5 g. 
T h e  e lu t ion  was made  wi th  g ml  1 N HC1 and  the  es t ima-  
t ion  made  on 2 ml  of the  eluate.  

F u r t h e r  technica l  detai ls  are  g iven below. 
Results. The normal submaxillary gland was found to 

con ta in  only  smal l  amoun t s  of adrena l ine  in compar i son  
wi th  t he  amoun t s  of noradrenal ine .  The  two  no rma l  glands 
f rom a single an ima l  were v e r y  s imilar  in the i r  noradrena-  
line con t en t  (Table), and therefore  the  effect  of t y r a m i n e  
infusion or  of gang l ionec tomy on the  noradrena l ine  con- 
t e n t  could  be s tudied on pairs  of glands,  using one gland 
as a control .  

In/usion o/ tyramine was s ta r ted  a f te r  one g land  had  
been  r e m o v e d  and  homogenized .  A cannu la  was t ied into  
the  secre tory  d u c t  of the  remain ing  gland.  Each  an imal  
was t h e n  g iven  150 mg of t y r amine  in t r avenous ly  dur ing  
a p p r o x i m a t e l y  1 h. A t  a cons tan t  ra te  of infusion, the  
secre tory  ra te  declines. I n  order  to keep up a secret ion the  
ra te  of  infusion was increased in t e rmi t t en t ly .  I n  spi te  of  
this,  t he  g land  can  no t  be  m a d e  to  secrete for a long t ime.  
A t  the  end of  infusion,  w h e n  the  g land was removed ,  there  
was no secret ion in any  of the  cases even  though  huge 
doses were g iven  (up to  10 mg/min) .  

The  infusion was found to  lower the  noradrena l ine  con- 
t e n t  of t h e  g land to  some 50% (Table). 

Excision o/the superior cervical ganglion caused a com-  
ple te  d isappearence  of noradrenal ine ,  while adrenal ine  was 
found in seemingly  normal  quan t i t i e s  (Table). 

Cat. No. 

6 
7 
8 
9 

L0 

Expressed in ~tg, the noradrenaline and, within brackets 

Procedure 

Normal glands 

Right  superior cervical ganglion excised 3 
weeks earlier 

Left gland removed before and right gland 
removed after infusion ot tyramine 

the adrenaline content of the submaxillary gland of the cat. 

Right gland 

0.71 (0.04) 
0.78 (0) 
0.69 (0) 

Mean value: 0.73 (0.01) 
o (o,o6) 
o (0,06) 

Mean value : 0 (0,06) 
0.49 (0,06) 
0.59 (0.02) 
o.51 (0.02) 
0.40 (0.07) 
0.48 (o.o5) 

Mean value: 0.49 (0.04) 

Left gland 

0.71 (0.10) 
0.74 (0.06) 
0.66 (0) 
0.70 (0.05) 
0.45 (0,07) 
1.24 (0.06) 
0.85 (0.07) 
1.16 (0.04) 
1.29 (0) 
0.85 (o) 
1.01 (0) 
0.91 (0) 
1.04 (0.01) 

I n  the  acute  exper iment ,  t he  cats  were g iven chloralose 
(80 mg/kg) a f te r  p re l imina ry  e ther  anesthesia.  To facili- 
t a te  a qu ick  remova l ,  t he  glands  were dissected, leaving 
nerves,  vessels, and secre tory  duc t  in tac t .  The  excised 
gland was i m m e d i a t e l y  p u t  in to  a cooled homogenizer  
con ta in ing  10 cm 3 of ice - chi l led 0.4 N perchlor ic  acid. 
The  h o mogena t e  was k e p t  in a deep-freeze (-- 20°C) unt i l  
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