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The action of S-methyl isothiourea on cort icotropin 

~-Melanocyte-stimulating hormone isolated from mammal ian  pi tu i tary  glands has 
been shown to be an N-acetyl  tr idecapeptide I amide in which the sequence of amino 
acids is identical to that  of the N-terminal tr idecapeptide portion of corticotropin z. 
However, in spite of this remarkable similarity in chemical s tructure corticotropin 
possesses less than  1 %  of the melanocyte-st imulat ing potency of ~-MSH. 

Although corticotropin consists of 39 amino acid residues, its melanocyte- 
st imulating activi ty is undoubtedly  associated with the sequence of amino acids 
which it possesses in common with the melanocyte-st imulat ing hormones (~-MSH 
and fl-MSH)3, 4. Within this common sequence the most  obvious chemical difference 
between the two hormone molecules is tha t  the ~-NH 2 group of the N-terminal  serine 

occurs as the N-acetyl  derivative in ¢c-MSH. Thus in corticotropin the CI-I:4~H- 
O H  N H  t 

structure which is known to be essential for ACTH activity 6 may  at  the same time 
have an inhibitory effect on its potential  melanocyte-stimai~t:,,t;  a~tiv-~y, 

in  order to investigate this possibility, it was necessary to achieve the selective 
acetylation of the ~-NHz group of the N-terminal  serine in corticotropin. A possible 
approach to this problem would be to protect the e-NH2 groups of its four lysine 
residues by  reaction with S-methylisothiourea and then to acetylate the resulting 
guanidyl derivative with acetic anhydride.  Earlier studies wi th  chyrnotrypsinogen ¢, 
RNAase v and growth hormone s had indicated tha t  under  strongly alkaline conditions 
(pH zo.5-iI .O ). O-methylisourea reacts selec*ively wi th  e-NH~ groups of lysine 
residues, or 8-N H~ groups of ornithine residues% and  tha t  ~-NH2 groups do not react 
to any significant extent  under these conditions. 

When corticotropin was allowed to react with S-methylisothlourea the resulting 
guanidyl de_,Svative was found not to possess a free o~-NHz group, indicating that  
both ~- and e-NH 2 groups had reacted wi th  the reagent. Although this unexpected 
development was clearly inimical to the original purpose, it was decided to s tudy 
the reaction and to investigate the chenfical s tructure of the resulting product.  
In this communication evidence is presented to demonstrate  tha t  the free ~- and 
z-NHe groups had reacted. 

Corticotropin A 1 (5 rag) was dissolved in o. 5 ml ammonium hydroxide (pH xo.5) 
and allowed to react with excess of S-methylisothiourea (25 nag) at room temperature  
for 48 h. The pH was maintained at  this value by  intermit tent  additions of small 
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quant i t i es  of I N a m m o n i u m  hydroxide,  and  shaken mechanical ly  over this  period 
of time. S imul taneous ly  a control  sample (5 rag) of cort icotropin A t was t r ea ted  
wi th  a m m o n i u m  hydroxide  alone (pH xo.5) and  kept  a t  this p H  for 48 h. This was 
used for comparison wi th  the  modified hormone in subsequent  exper iments .  

The sample t r e a t e d  wi th  S-methyl i so th iourea  had  not  only the  s-amino groups 
of lysine guanid ina ted ,  bu t  also the  a-amino group of N- terminal  serine. After  de- 
sal t ing the  t r ea ted  hormone  on an Amberl i te  IRC-5o column, and elut ing it wi th  
5o % acetic acid by  the  technique  e laborated by DIXON 1°, the  effluents were concen- 
t r a t ed  to a smM1 volume and freeze-dried. The eluates from the  column were followed 
and  controlled by  examina t ion  of the  ul t raviolet  absorpt ion at  z8o m~  of the  effluents. 
The  yield of mater ia l  ob ta ined  was of the order of 89-9o % of the  theoret ical .  Evidence  
for the  complete guanid ina t ion  of the  hormone was assembled from the  following angles:  

(a) Sealed- tube acid hydrolysis  (6 N HC1 at  lO5 ° for 24 h) of the  guan id ina ted  
compound,  followed by  ionophoresis for z h at  pH 3-5 and  zooo V of the  hydro lysa te  
revealed the  d isappearance  of lysine residues with  a concomitant  increase of "a rg in ine" -  
type  residues (Sakaguchi  reaction) homo-arginine  hav ing  a lower mobi l i ty  t h a n  lysine 
when  submi t t ed  to ionophoresis at  p H  6.5. 

(b) The  guan id ina t ed  hormone  was t r ea ted  with phenyl i so th iocyana te  on paper  
by a modification of the  E d m a n  technique  n. No pheny l th iohydan to in  of serine was 
produced  as evidenced by  the lack ol the  t f l t ravio!et-absorption m a x i m u m  at  z68 m/ ,  
associated wi th  pheny l th iohydan to in  of amino acids. Moreover, the  product  af ter  
e lu t 'on  from paper  wi th  e thanol  - e ~ner solvent  (I" I, v/v) was submi t t ed  to chroma-  
tog raphy  wi th  a control  of serine pheny l th iohydan to in  in p y r i d i n e - n - h e p t a n e  
solvents  (3:7, v/v) system. There  was no spot corresponding to the  appl ied control.  
However ,  when the  control  ACTH was submi t t ed  to the same procedure,  i t  produced 
the  pheny l th iohydan to in  of serine. The resul ts  indica ted  t h a t  the  a -NH 2 group of 
the  modified hormone had  been blocked and  consequent ly  unable  to react  with 
phenyl i~othiocyanate .  

(c) Enzymic  degradat ion  wi th  ch3Tnotrypsin at  3 °0 for periods upwards  of 16 h 
produced  5 ma jo r  f ragments  in accordance with  resul ts  of earlier studies on ACTH 12. 
One of the  f ragments  was isolable from the others  by ionophoresis at  pH 6.5 (pyr id ine -  
ace ta t e  buffer), I6OO V for 1.5-2 h. On paper  this f ragment  produced a very  slight 
posit ive n inhydr in  react ion and  ga'-e a red colour wi th  e-ni t roso-B-naphthol  reagen t  
for tyrosine.  After  elution from the paper  wi th  5 % acetic acid, and  then  br inging to 
dryness,  it gave a p ink colorat ion wi th  the  modified Sakaguchi  reagent  of WEBER ~3. 
The  fact t h a t  it gave a negat ive  hist idine test  wi th  Pauly ' s  reagent  (diazotised sulpha-  
nilic acid) indicates  t h a t  this pept ide  f ragment  is not  pa r t  of the hep tapep t ide  core 
S e r - T y r - S e r - M e t - G l u - H i s - P h e -  which might  conceivably  occur if the  enzyme had  
mere ly  a t t a c k e d  the  molecule a t  the  P h e - A r g  bond (Fig. x). These resul ts  would 
indica te  t h a t  this  f ragment  is a guanidyl  der ivat ive  involving a tyrosine moiety,  
a n d  this  could only be the  N- terminal  d ipept ide  f ragment  Se r -Tyr  which is known 
to  be cleaved easi ly by  chymotryps in .  Moreover, its mobi l i ty  under  the  appl ied electro- 
phore t ic  condi t ions  suggests  t h a t  it possesses sl ightly basic charac te r  which is to  be 
expec ted  if guan id ina t ion  of the  t e rmina l  serine had  been achieved.  

Ser-Tyr~Ser-Met-Glu-His- Phe-~Arg-Try~Gly . . . . .  Phe-OH aa 
/ 1 / 

Fig. x. Arrows indicate the main sites of hydrolysis of ACTH by chymotrypsin. 
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(d) An a t tempt  to prepare N-acetyl  corticotropin after t reatment  with S-methyl-  
isothiourea failed. By making use of an O ~ N acyl shift, WALLER AND DIXON 14 

h a v e  prepared the N-acetyl  derivative, which has increased melanocyte-st imulating 
activity. 

At pH 6.5 both the guanidinated a n d  untreated hormones had the same iono- 
phoretic mobility, a result which is expected if the original a-amino group of N-terminal  
serine has an unusual ly  high p K  value. Replacement of the ~,-amino group by a 
guanidyl one ought to produce a more basic molecule, but in corticotropin this 
property would only be manifested at a higher pH value, that  is within the pH range 
of e-amino group of lysine. 

GREENSTEIN 9 and H U G H E S ,  SAROFF AND CARNEY 16 found that  a-amino groups 
of proteins did not react with o-methylisourea,  al though the e-amino groups of lysine 
did, from which it may  be inferred tha t  the reagent under analogously mild conditions 
was somewhat specific for e-amino groups in proteins. This is supported by  the work 
of ROCHE, MOURGUE AND BARET le who were unable ,to detect a-guanidino carboxylic 
acids in acid hydrolysates of proteins t reated with O-methylisourea. 

Kinetic studies of the reaction of corticotropin with fluorodinitrobenzene and 
phenylisothiocyaiaate 17 indicated that  the a-amino group had  an abnormally high pK, 
tha t  is a pK  closer to that  of c-amino group of lysine than  "to a "normal"  ~-amino 
group. This view is substant ia ted by  the fact tha t  corticotropin is so readily guanidi- 
nated by S-methylisothiourea a milder reagent than  the O-methyl analogue TM. 

The possibility tha t  a-guanidino carboxylic acids may  escape detection in acid 
hydrolysates by a conversion of the "crea t ine-crea t in ine"  type was obviated by 
degrading the t reated hormone with chymotrypsin whosespecificity towards ACTH 
has been well authenticatedXL The detection of one of the fragments as guanidyl- 
seryltyrosine shows conclusively tha t  the a-amino group of the :eactive N-terminal 
serine had undergone reaction with the reagent. Moreover, the fact tha t ' th is  fragment 
did not give a creatinine reaction with the reagent of BENEDICT AND BEHRE Ig confirms 
the observation tha t  no transformation had  taken place under the conditions used 
for its isolation. 

The results suggest tha t  some degree of caution should be exercised during the 
modification of proteins with this reagent, since, in large molecules of this kind, the 
~-amino residues may have p K  values somewhat modified by their environment  with 
other amino acids and therefore would behave altogether differently from "normal"  
a-amino groups. In corticotropin there is evidence tha t  the a-amino group clearly 
possesses an unusually high pK "which had caused it to react with S-methyliso- 
thiourea. 

I am grateful to Dr. J. I. HARRIS and Dr. F. SANGER for helpful advice and dis- 
cussion, to Dr. H. B. F. Dixon  for samples of corticotropin A~, and to Professor 
F. G. YOUNG for allowing me the facilities of his laboratories in Cambridge and to 
the Inter-Universi ty Council for a Fellowship to conduct this work. 
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Acetylated intermediates of arginine synthesis in Bacillus sub¢i!is 

In Escher ich ia  coli, ornithine (a precursor of arginixm) is synthesized from g lu tamate  
via  the following acetylated intermediates:  N-acetylg lu tamate l .  ~, N-acetyl-~-gluta- 
myl  phosphate  a, N-ace ty lg lu tamic-~semia ldehydO,  and Na-acetylorni thinO,  4. The 
formation of ornithine from Na-acety!orni thine is mediated,  in this organism, by  
the hydrolyt ic  enzyme, acetylomithinase~, a.5 In Bac i l lu s  subti l is ,  thi3 enzyme has 
thus  far not  been detected, nor has an acetyltransferase such as reported for Micro -  
coccus g lu lamicus  a. I t ,  therefore, was of interest to examine the pa th  of arginine 
synthesis  in B.  subtil is .  

Tracer experiments  have now indicated that  B.  subti l is  has a glutamic family 
(cf. VOGEL AND BO~NER r) consisting of ghitaxnate and its biosynthetic products,  
arginine and proline. Thus, Table I shows tha t  [~J4C]acetate labels these 3 amino acids 
at  approximately,  equal specific acti~-ity, which differs from tha t  of alanine and from 
tha t  of threonine and iysine (both of which are derivatives of aspartateg). Qual i ta t ively 
similar results were obtained in analogous expe.-qmaents wi th  [z-14C]g!utamate. [3-a~C]- 

T A B L E  I 

I I~CORPORATIOI~ O F  T I ~ C E ~  Ih'-l['O IPRO-I'II~I~ A M I N O  A C I D S  O F  B .  subtilis, A T C C  6o51  
(AS I~EI .ATIVE S P E C l H C  R A D I O A C T I ~ T Y  ON ~IOLAR BASIS)  

T h e  o r g a n i s m  w a s  g r o w n  i n  ~ g lucose - s~qd t s  m e d i u m ,  s u p p l e m e n t e d  w i t h  t r a c e r s  (o . I  m g / m l ;  
a p p r o x .  I m C / m m o l e ) ,  ~_~ -.'ndicat~-~d. T h e  i s o t o p e  m e t h o d s  u e d  w e r e  e s s e n t i a l l y  t h o s e  p r e v i o u s l y  

employed'. 

Tracer C.~ _ 4 rg Pro A l~ T h r L ys  

[2-14C] A c e t a t e .  s o d i u m  s a l t  1oo 
DL- [2-a4C] O r n i t h i ~ e  h y d r o c h l o r i d e  t o o  

8 I  I o  4 9 43  4 z 
l o o  5 . . . .  
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