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The oxidation and reduction of corticotropin A z 

Adrenocorticotropic hormone (ACTH) activity, measured by the ascorbic-acid depletion 
test  1, is lost when oxidizing agents  act on prepara t ions  of the hornlone. React ivat ion of material  
oxidized by air by  t reat ing it with hydrogen sulphide has been reported 2, bu t  reactivation of 
material  t reated with hydrogen peroxide was not observed under  these conditions3, 4. DEDMAN, 
FARMER AND MORRIS 3 discovered conditions for reactivating peroxide-inactivated material when 
they  heated partially inactivated oxycellulose concentrates of ACTH with thiols in acid solution. 

DIXON AND STACK-DUNNE 4 demonst ra ted  tha t  a physico-chemical alteration occurred in 
cort icotropin A 1 {the predominant  form of ACTH extracted from pig pituitaries) when it was 
inactivated wi th  hydrogen peroxide. The t rea tment  was with o.8 31 H202 in phosphate  buffer 
of p H  6. 7 for 3 ° minutes,  after which less than o..~-o~/o of the original activity remained. The 
alteration observed was a fall in retention volume of the substance on chromatography  on the 
carboxylic ion-exchange resin Amberlite IRC-5o. The par t i t ion coefficient was changed by  about  
t 5 ~ .  An artificial mixture  of the active and inactive substances was separated by ion-exchange 
chromatography .  

DIxoN AND STACK-DUNNE 4 successfully reactivated a hydrogen-peroxide inactivated prepa-  
rat ion of cort icotropin A1, following the method of DEDMAN el al. 3. I t  was therefore of interest  
to learn whether  the reactivation was accompanied by  a reversal of the change in part i t ion 
coefficient between resin and buffer observed on inactivation. To avoid hydrolysis of corticotropin 
A 1 which might  produce active components  held more s trongly by the resin 5, the t r ea tment  with 
a thiol was carried out  under  less acid conditions than  DEDMAN el al. 3 used. Table I shows the 
results  of  the experiments .  

TABLE I 

RETENTION VOLUMES OF PEAKS DERIVED FROM CORTICOTROPIN A 1 

Retention voh!mc 
Experiment and Column Treatment in ml per zo. ml 

column dimensions m~mber resin bed 

1 240 H202 0.73 M 3 ° min p H  6. 7 249 
241 a. I-t202 0.73 M 3 ° min p H  6.7 

39.5 cm >t 0.68 cm 2 b. Cysteine o.i M 18 b 69-75 ° p H  4.1 288 
242 None 292 

2 252 H202 0.84 M 3 ° rain p H  6. 7 257 
253 a. HeO 2 0.84 ~¢ 3 ° min p H  6. 7 

42.4 cm × o.68 cm 2 b. Thioglycollate o.2 2VI 
18. 5 h 72-75 ° p H  3-4-3.5 

None 
296 

254 298 

The ch romatography  followed the details of DIXON AND STACK-DUNNE 4 and their finest 
resin sanlple was used to obtain columns of high resolving power. 

In exper iment  I cortieotropin A 1 (15.6 mg) was dissolved in the sodium phosphate  buffer 
used for ch romatography  (3.5 ml) (0.2 ;~I phosphate,  Na + o. 3 ,\', pH 6.70 containing 0.2 % phenol}, 
and hydrogen peroxide (o. 3 ml 9.2 M) added. After 3 ° minutes  catalase solution (0.06 ml o.oi 31) 
was added. 

A sample (1.75 ml) was chromatographed (C24o , Table I and Fig. i) and to another  sample 
(1.75 ml) cysteine hydrochloride (63 rag), NaOH solution (o.6 ml i.o N), glacial acetic acid (o.I mI) 
and water  (i. 5 ml) were added (final volume 4.0 ml, p H  4.i, cysteine concentrat ion o.i M). The 
solution was heated in air sa tura ted  with water  vapour  at 69°-75 ' for I8 hours. The product  
was recovered by extract ion into phenol and removal  of the phenol with ether 4. The yield was 
6.6 nlg and .5.8 mg were chromatographed  (C24I , Table I and Fig. I). The peak, though decreased 
in size, appeared in the posit ion of cort icotropin A 1. Some ninhydrin-posi t ive  unretarded or 
slightly retarded material  was present  (cystine or cysteine?). 

In  exper iment  2 cort icotropin A 1 ( i i .6  nlg) was dissolved in the buffer (2.1 ml) and H202 
solution (o.2I ml 9.2 M) added. After 3 ° minutes  catalase solution (O.Ol 3 ml o.oi M) was added 
in port ions and the solution stirred until  bubbl ing ceased. To each of two i .o ml samples thio- 
glycollic acid (o.o16 ml) was added (final concentrat ion o.2 3 I ,  p H  3.4-3.5). One was heated 
to 72°-75 ° for 18. 5 hours  and both  were chromatographed  after neutralizing the acid with sodium 
hydroxide (o.67 ml 0. 3 N ,  to maintain  the sodium ion concentrat ion at o. 3 N) and adding 0.33 ml 
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I"i~. ~. C o m p a r i s o n  o f  c h r o n / a t o g r a m s  of  
~ o r t i c o t r o p i n  . \ l  a f t e r  d i f f e ren t  t r e a t m e n t s .  
C o l u m n  of 39-5 cm . o.OS cm ~ p a c k e d  w i t h  
f ine ly  g r o u n d  c a r b o x y l i c  ion e x c h a n g e  res in  
\ m b e r l i t e  I R C - 5  o in equ i l ib r iun~  w i t h  t he  

e luen t ,  o.2 .l/ s o d i u m  p h o s p h a t e  buf fe r  (pH 
( . : .  s o d i u m  ion c o n c e n t r a t i o n  o. 3 N).  C - 4 o :  
( ' , , r t i c o t r o p i n  . \ ,  t r e a t e d  w i t h  h y d r o g e n  per -  
~ x i d e :  C-'4~: ( ' o r t i c o t r o p i n  .\ ,  t r e a t e d  w i t h  
h y d r o g e n  p e r o x i d e  and sul)sequent l_v wi t l l  
c y s t e i n e :  C242 : U n t r e a t e d  cor t ic ,~t , 'opin .\~. 

of t he  ph,*sph; / tc  /mlh!r .  n tul s ; ln /p les  ,~l: e l l lueu t  
frail1 t he  t 'tl]lllllll e l l l ( : r~ i l lg  ; l ] t t ' r  (1170 II(!C \ (~hlI/Ic 
were w i t h i n  o.o2 un i t s  ~H t i l t '  , '~r rect  p l l .  

Tabh '  I s h . \ v s  th ; t t  the chr, mmto~,ratdli, 
p r o p e r t i e s  ,,1 l he  ori~i,,;,l ~ , r t i c o t n ~ p i n  -\1 wen.  
r e s t o r e d  (m ] l ea t i ng  the  in ; t~ t iv ; i ted  s u b s t a n c e  
w i t h  t v s t e i u e  ov t h i o g l y c o l l i c  m i d .  "lhe v ieh l  
a p p e a r e d  low in e x p e r i n l e n t  I but  the  pl~en<~l 
d e s a l t i n g  of  ;~ sma l l  s a m p l e  ntnd, '  l he  s ign i l i c ancc  
(ff t h i s  d o u b t f u l .  In e x p e r i m e n t  _' t he  n i n h v d r i n -  
ct)h)ur rec,~x'eries of t he  pe;d¢s ~f ( '- '5 e, ( '- '53 and 
(~2.5 4 XX {'I*C 7.5 {1[,, 2(} I){i :ll{{1%2 I'ii ({~X } 'I*{~SS¢~{ I i{] 
t h e  c;~se of the  f irst  txv,, ill tel'IllS ,)l' t h e  o x i d i z e d  
m a t e r i a l  before  the  t h i o g l y c o l l i c  ac id  was  a d d e d i  
R~mgl/ ly  the s a m e  Ioss, 2,8oo ;/ilcl 2,06o a r b i t r a r \  
l l i l l ] l vd r i l l - ( ' o ]o t l r  I l l ] i ts ,  i lCc t l r r ed  ill CO]UIIII1S ('25"2 
a n d  C_'5. t ( c o r l i c o t r o p i n  -\1 e x h i b i t e d  ;/ cohul ,  
y ie ld  of t.Ooo u n i t s  pe r  rag). [1' a s i m i l a r  h~s> 
iJcctlrre(I (ill c h r o m ; t t o g r a p h y  in C253. the  y ieh l  
of c , ) r t i c o t r o p i n - \ l  fnml  t he  i n a t t i v a t e d  form 
was  5 0 " . . - \  l a rge r  y ie ld ,  y~", , .  ( o r r e c t e d  (m ill( '  
s a m e  ; / s s u m p t i ( m  tt) 74 ' I . ,  was  (~bt;tined u n d e r  
t i le  s a m e  c o n d i t i o n s  ( t h iog lyc ( , l l a t e  o.2 31. p l !  
3.4 3 .5 .71 ,~ ) w h e n t h e h e a t i n f 4 w a s s h ~ * r t e n e d  
t(I 7 ho [ l r s ,  }ll]([ I11) t r a c e  t , l  t i l t '  f a s t e l  peal< xva> 
de tec t ; /bh ' .  The  unce r t a i , /  tmse l ine  and  tilt '  
s p r ea t l i n  R of c o r t i c o t r o p i n  peal{s a t  hm' h inds  I 
IIIHI¢c t i l e  l l ]e : / s l l re l l le l t{  Ill rc l ' i )veI - ies  Ul l sa t ib  
f ; l c t o r v  

] )EIIM \ N ,  ] ; \ R M E R  AND MI)I{RI% :~ d i s c o v e r e d  
t h a t  h e a t i n g  p e r o x i d e - i n a c t i v a t e d  o x y c e l l u t o s e  
c o n c e n t r a t e s  of A C I ' H  w i t h  a th io l  r e s t o r e d  t h e i r  
a c t i x i t y .  I ) { x o x  AND STACK [)UNNr'; 4 c o n f i r m e d  
t h i s  w i t h  pur i f i ed  c o r t i e o t r o p m  .\1, a n d  s h o w e d  
t h a t  t h e  c o m p l e t e  i n a c t i v a t i ( m  was  a c c o m p a n i e d  
b y  a c h a n g e  in c h r o m a t o g r a p h i c  b e h a v i o u r .  The  
r e a c t i v a t i o n  is n o w  s h o w n  to be a s s o c i a t e d  w i t h  
r e s t o r a t i o n  of the  t~rigimtI c h r o m a t o g r a p h i c  p ro  
pert ie>.  T h i s  e v i d e n c e  is s t r o n g  s u p p o r t  fl~r the  
t h e o r y  t h a t  \ C T H  a c t i v i t y  is an i n t r i n s i c  p r o p e r  
t v  ~,f c o r t i e o t r ~ q ~ i n - \ l  a n d  n o t  m e r c i )  due  t,, 

i t s  c o n t a m i n a t i o n  ~ i t h  a nlim~r c o m p o n e n t  which  possesses  the  b io log ica l  a c t i \ i l v  
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for m u c h  he lp fu l  a d v i c e  a n d  e n c o u r a g e m e n t ,  and  to  Miss M. B. "I'HOMaS for sk i l l ed  t e c h n i c a l  
a s s J s t a l l c e .  
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