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di lute  aqueous solution at  p H  6.6-6.8. The crude nonapept ide  amide  I X  was  p u ~  
by  counter -current  dis t r ibut ion in the  sy s t em 2 - b u t a n o l - o . o I  7 N acetic ~¢~lt s. Re-  
d is t r ibut ion  of Se r~ - I l eS -oxy toc in  (IX) in the  same solvent  sys tem gave  a ma te r i a l  
hav ing  at 25 o a par t i t ion  coefficient of o.53. The exper imenta l  curve,  ob ta ined  f rom 
the  Folin color values ~, coincided wi th  the ~ theoret ical  curve. The ~ p roduc t  
showed a correct quan t i t a t i ve  amino acid composi t ion and  possessed a n  oxytocic  
ac t iv i t y  of approx,  z3o I .U . ]mg  pure peptide,  when assayed on the isolated r a t  u t e r u # .  

We are ve ry  grateful  to Professor R. ACHER, Labora~oire de Chimie Biologique,  
Facul t6  des Sciences, Paris for per forming the amino  acid analysis  on the  Becknmm 
Spinco Analyzer .  
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Note added in proof: Since this paper was submitted for publication, G ~ , ~  ~! d.* 
described in a brief report a synthesis and some pharmacological effects of Sert-[k'e-ox-~'toc~- 
According to the authors the peptide possesses an oxytocic activity on the isolated t a t  uter~L.~ 
of I5o ± Iz i.U./mg. (Received N - o v ~  29th. I~,z)i 
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PN IX89 
O n  the in te rac t ion  of  insulin w i t h  raney nickel 

In  a former  su rvey  I we s tudied  the  in teract ion of meth ion ine  wi th  R a n e y  nickel ,  
es tabl ishing a quan t i t a t i ve  remova l  of su lphur  and  the fo rmat ion  of m e ~  
a -aminobu ty r i c  acid. On this basis a m e t h o d  was developed for t he  de t e rmina t ion  
of meth ionine  b y  de te rmina t ion  of the  q u a n t i t y  of m e t h a n e  b y  an  in t ta red  
metr ic  procedure.  

In  the  present  survey,  the behav iour  to  R a n e y  nickel of p roducts  wi th  a pep tk le  
s t ruc ture  and  a higher  molecular  weight  has been studied.  We took  note  of  t he  
observat ions  m a d e  b y  COOLEY AND WOOD s, n a m e l y  t h a t  the  t r e a t m e n t  of  egg a lbumin  
wi th  R a n e y  nickel results  in an a lmost  comple te  removal  of su lphur  w i thou t  a notice-  
able f r agmenta t ion  of the  protein molecule.  Irt order  to follow wi th  g rea te r  ease a n d  
assurance the  in terac t ion  of proteins  wi th  R a n e y  nickel  we se!ected ~ u l i a  since i t s  

chemical  s t ruc ture  ig known.  We were fu r the r  inclined to use this  protein because of  
various da t a  in the  l i tera ture  on the reac t iv i ty  of its disulphide bonds  u n d e r  d i f fer i t~  
conditions.  Thus  CECIL AND LOENING a have  s tudied the  in terac t ion  of t he  d i m ~ h i d e  
groups  of insulin wi th  sodium sulphite,  es tabl ishing t h a t  t he  in t ra-ehain  dimalphide 
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bond 6 - I x  in the A-chain is a p p a r e n t l y  unreac t ive  under  o rd inary  conditions. On the 
other  hand,  LINDLEY'S 4 results show the intra-chain disulphide bond to have  greatest  
reac t iv i ty  when  insulin is reduced b y  l i th ium thioglycol late  at  p H  5- Other  authors  
likewise discuss the peculiar  behav iour  of this bridge, suggest ing tha t  it might  be 
i n t ima te ly  involved in the biological act ion of insulin3,5, e. 

We used in our research crystal l ine insulin produced b y  the Organon (Oss, 
Holland) ,  which we t rea ted  with R a n e y  nickel 7 (r ml  suspension per io  m g  of insulin) 
at  p H  8-  9 for 3 h at  room t empera tu re ,  and finally r h at  35-45 °. The solution was 
cont inuously  and  in tens ive ly  stirred. The product  w3s then  filtred and  lyophilized, 
while a s imilar ly  t r ea ted  parallel  sample  was analysed in order to de termine  the a m o u n t  
of su lphur  removed 8. Under  these condit ions this var ied a round  z .o%.  No essential  
change in this value was observed when the p H  was decreased to 5. Complete  removal  
of the  su lphur  conta ined in the insulin was obta ined b y  t rea t ing  the la t te r  wi th  5 M 
urea over  a period of z4 h followed b y  t r e a t m e n t  according to the above procedure.  

The  lyophilized product  obta ined af ter  4-h t r e a t m e n t  wi th  R a n e y  nickel at  
p H  8-9  was subjected to an electrophoret ic  and  chromatograph ic  analysis.  For  
compar ison we used sampT.es of the original insulin and  insulin oxidized b y  performic 
acid according to SA~G~R 9. The sample  t r ea t ed  with  R a n e y  nickel separa ted  into two 
components ,  observed on the c h r o m a t c g r a m  as 2 spots using the sys t em n - b u t a n o l -  
py r id ine - ace t i c  a c i d - w a t e r  ]° (Fig. x) as well as on the  hor izonta l  h igh-vol tage electro- 
phe rogram ]z (Fig. 9.). Under  descending electrophoresis (pH 5.6) !~ the product  remained 
insoluble at  the  s tar t ,  while the insulin oxidized by  performic acid under  these 
condit ions separa ted  into its componen t  A and B chains. 
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Fig. z. Paperchromatography of : x, original insulin : z, insulin oxidized by performic acid : 3, insulin 
treated with Raney nickel. X and Y are standard solutions of amino acids. 

Fig. 2. High-voltage electrophoresis of preparations shown in Fig. t. 
Fig. 3- Preparative paper chromatography of insulir, treated with Raney nickel. Key as in Fig. ~. 

The  p repara t ive  separat ion of the mix tu re  was carried out  b y  the above-ment ioned  
chromatograph ic  me thod  (Fig. 3)- Din i t ropheny  lationa3 of al iquots  of both  fractions 
es tabl ished the  presence of only  D N P - G l y  and  D N P - P h e  in the  ratio of I :r in each 
fraction.  Chroma tog rams  of the tota l  hydro lysa tes  of e i ther  fraction showed the  pres- 
ence of all amino  acids Iorming par t  of the  insulin molecule. Visual inspection of these 
c h r o m a t o g r a m s  showed tha t  in the  I z fract ion we have  a considerable increase in the  
q u a n t i t y  of a lanine and a reduct ion of the  q u a n t i t y  of cysteic acid, compared  wi th  
t he  I l hydrol isa tes  and  with  those of the  original insu/in. This gave us grounds  to 
assume t h a t  in I~ desulphurizat ion affected more of the  cyst ine  resid~!es of the molecule 
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than  in I x, as the  spli t t ing of I cystine residue produces z alanine residues14, tS. No 
convincing proof was obtained by these experiments  whether  the  smaller fraction 11 
was at all affected by  the Raney  nickel. The answer was obtained by  determining the  
molar rat io of amino acids of these fractions, according to MOORE AND STEIN 18. 

T A B L E '  I 

A M I N O  A C I D  C O M P O S I T I O N  OF  F R A C T I O N S  I S O L A T E D  FP.OM I N S U L I N  T R E A T E D  W I T H  R A N E Y  N I C K E L  

A m i n o  acid A s p  Thr Ser Glu Pro Gly A la lead l le  Leu 
feSidtt~S* 

F r a c t i o n  I x 3.36 0.95 2.77 7.25 o .96 4 .04 3.1o 4.87 0.88 5-54 
F r a c t i o n  Iz 3.28 o.84 2.89 7.36 0 .90  4 .o7  6 .97  5 . I5  0 .76 6.20 
I n s u l i n  3 I 3 7 x 4 3 5 I 6 

* T h e  o t h e r  a m i n o  ac id s  c o n t a i n e d  in  t h e  i n s u l i n  m o l e c u l e  h a v e  n o t  b e e n  q u a n t i t a t i v e l y  
d e t e r m i n e d .  

The results given in Table I clearly show tha t  Frac t ion  I t contains  in tac t  insulin, 
which is in conformity with the respective chromatograms and  electropherograms. 
On the contrary,  the  12 fraction represents  insulin deprived of 2 disulphide bonds 
(increase of the  alanine residue by  4). One of the  split bonds in Ie is undoubted ly  the  
intra-chain bond 6-xz. These results also come to show essentia! differences between 
the reaction of the  disulphide bonds of insulin wi th  sodium sulphite under  ordinary  
conditions and  with  Raney  nickel. Therefore, when removing about  ~/a of the  sulphur  
contained in the insulin by desulphurizat ion (i.e., by destroying 2 of the  3 disulphide 
bonds) no separat ion of the  insulin molecule into A and B chains takes  place. This 
is made evident  by  the  informative chromatograrns and electropherograms, by  the  
composition of the  to ta l  hydrolysates  of the  result ing fractions and by  the  results of 
dini t rophenylat ion.  

Addit ional  research will be necessary to establish which of two inter-chain bonds 
had been effected by desulphurization.  This shall form the subject  of our next  s tudy.  
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