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de ceux correspondant aux acides aspartique et gluta- 
mique intramolCculaires. La sCparation de tous ces iso- 
m~res pose des probl~mes'qui n 'on t  pas encore 6t~ rCsolus. 

Nous avons recherch6 un procCd6 gSnCral permettant  
d'identifier, apr~s une hydrazinolyse, tous les produits 
correspondant aux r~sidus C-terminaux d 'une  protCine, y 
compris ceux d'asparagine et de glutamine. Le mClange 
rCa~tionnel (1 £ 10 mg de protCine) est chromatographic 
sur une colonne d'Amberlite IRC-50 forme H+ suivant  le 
procCd6 de LAY et POL~LASE ~. En  lavant  la colonne 
l 'eau (environ 50 ml), on rCcup~re les a'cides amines libres 
acides et neutres. Nous avons constat6 que les hydrazides, 
provenant  des rCsidus C-terminaux d'asparagine et de 
glutamine (asparthydrazide-4 et glutamhydrazide-5), 
*taient 6galement ~luCs dans ces conditions. Par centre, 
l 'asparthydrazide-1 et le glutamhydrazide-1 restent sur 
la colonne. Le lavage par une solution d'acCtate d 'am- 
monium O, I M ,  pH 7 (15 ml) permet d'~luer les acides 
amines basiques. L'asparthydrazide-1 et le glutarnhydra- 
zide-1, s'ils sent  prSsents dans le milieu, sent 6galement 
61u*s par l 'ac~tate d 'ammonium, mais ils ne g~nent pas 
pour l ' identification des acides amines basiques par chro- 
matographie sur papier (voir ci-dessous). 

La rCsine peut  ~tre r~.gCnCr~e par lavage ~. la soude 
O,2N, A l 'eau et ~ l 'acide chtorhydrique 0,2N. 

Pour identifier les aminoacides et les hydrazides pro- 
venant  de l'extrCmit6 C-terminale d 'une protCine nous 
avons utilis6 la chromatographie soit sur papier, soit en 
couche mince. Sur papier, deux syst~mes de solvants 
peuvent  ~tre employCs avantageusement,  l 'un dfl 
MIZELL et SIMPSON ~ et l 'autre g AMBE et TAPPEL s. Le 
premier consiste en un  mClange de n-butanol-acide acC- 
tique-eau (25:6:25 v/v) pour la premiere direction 
(l 'asparthydrazide-4 et le glutamhydrazide-5 migrent 
entre l 'histidine et la s~rine), et en n-butanol-mCthyMthyl- 
c~tone (MEC)-eau (2 : 2 : 1 v/v), en presence de vapeurs de 
cyclohexylamine, pour la seconde direction (les Rf des 
hydrazides en question sent  16g~rement infCrieurs g cetui 
de la valine). Un rCsultat sensiblement analogue est ob- 
tenu dans le deuxi~me syst~me s. R~v~lCs ~ la ninhydrine, 
l 'asparthydrazide-4 donne une tache rose brun, et le 
glutamhydrazide-5, une tache pourpre. 

En  chromatographie en couche mince de cellulose 0, un 
ben  r~sultat est obtenu en uti l isant le syst~me x° MEC- 
pyridine-acide acCtique-eau (70:15: 2:15 v]v) pour la 
premiere direction (Rf: Val 0,27, Glu (NH-NH~)-5 0,24, 
Asp (NH-NH,)-4 0,20, Pro 0,16) et le solvant mCthanol- 
eau-pyridine (80 : 20:4 v/v) pour la seconde direction (Rf: 
Gly 0,39, Glu (NH-NH,)-5 0,24, Asp (NH-NH,)-4 0,187. 

.Afin d'Cprouver l'efficacit~ de la mCthode dCcrite, nous 
l 'avons appliqu~e successivement A l 'insuline de boeuf 
cristallis~e (Insuline Organon A 24,6 U/rag) n,  au lyso- 

zyme (Armour, 3 lois cristaltis6) et aux peptides provenant  
de l 'hydrolyse trypsique de l 'insuline. Dans ce dernier cas, 
connaissant la sp6cificit6 de cet enzyme, nous esp6rions 
trouver, apr~s une hydrazinolyse, ~ c6t6 des acides amines 
C-terminaux de l 'insuline, les r6sidus d'arginine (d~grad6e 
en ornithine) et de lysine. 

Dans l 'hydrazinolysat de I'insuline, nous avons iden- 
tifi6, conform6ment aux pr6visions 1~-x4, l 'alanine, l 'as- 
parthydrazide-4 et l'acide aspartique. Ce dernier provient, 
ainsi que nous l 'avons constat6, de la d6composition par- 
tielle de l 'asparthydrazide-4 en solution. Cette d~compo- 
sition en solution at teint  ~galement, mais A u n  degr$ 
moindre, le glutamhydrazide-5. 

Dans le cas du lysozyme, un  senl acide amin6 fibre a 6t6 
identifi6, la leucine (voir 14~ 16). 

L'hydrazinolyse du prot~olysat de l ' insuline (la trypsine 
exempte de MgSO, a 6t~ utilis6e a fin d'6viter la presence 
de sel dans le milieu) a. donn6 naissance d 'une  par t  
l 'alanine, A l 'asparthydrazide-4 et ~ l 'acide aspartique, 
identifies dans l'61uat g l 'eau de Ia cotonne d'Amberlite, 
et d 'autre part  g la lysine et un pen d'ornithine, raises en 
6vidence dans l'61uat A l'ac6tate &ammonium 0,1M. 

Summary. Description of a general procedure for identi- 
fication of C-terminal residues liberated by  protein hydra- 
zinolysis. All free amino acids (C-terminal), and the 
hydrazides corresponding to the C-terminal residues of 
asparagine and glutamine, can be identified by chromato- 
graphy of a hydrazinolysate on a column of Amberlite 
IRC-50 followed by paper or thin layer chromatography. 

P. DE LA LLOSA, 
COLI~TTE TERTRIN e t  MARIAN JUTISZ 

Laboratoire de Morphologie Expdrimentale et 
Endocrinologie, Collkge de France, Paris (France), 
le 6 ddcembre t963. 

6 w. P. LAY et W. J. POLGLASE, Can. J. Biochem..Physiol. 35, 39 
(1957). 

? M. MIZELL et S. B. SIMPSON JR, J. Chromatogr. t~, 157 (1961). 
a K. S. A~sE et A. L TAPpEL, J. Chromatogr. 5, 546 (1961). 
g P- WOLL]~N~EBER, J. Chromatogr. 9, 369 (1962). 

s0  M. JUTISZ et P. DE LA LLOSA, Bull. Soc, claim. France 1963, 
2913. 

it Nous remercions le Dr. J. LENS, directeur de N.V. Organon, de 
nous avoir fourni gracieusement l'insuline cristallis~e. 

la j .  LENS, Biochim. biophys. Acta J, 367 (1949). 
as F. SA~GER et E. O. P. THOMPSON, Biochem. J. 52, iii (1952), 
14 j.  I. HARRIS, J. Amer. chem. Soc. 74, 2944 (1952). 
1~ A. R. THOMPSON, Nature 169, 495 (1952). 

H i s t i d i n e  D e c a r b o x y l a s e  in  the  B o n e  M a r r o w  of 
the  Rat  

From the investigations of KAHLSON et al., i t  has ap- 
peared that  some growing tissues - notably the foetal rat  
liver - have a high histidine decarboxylase activity 1-4. 
The time course of the activity of this enzyme in the foetal 
liver coincides approximately with tha t  of the hepato- 
splenal hematopoesis 6. The possibility of a connection be- 
tween hematopoesis and the formation of histamine was 

further supported by the observation tha t  the bone mar- 
row of the adult  rat  contains high hisfidine decarboxylase 
activity% 

Histidine decarboxylase in the foetal rat  has been found 
to be of a different kind compared to the histamine- 
forming enzyme present in the kidney cortex of the rabbi t  
and the guinea-pigT, s. While the foetal enzyme seems 
fairly specific, the kidney enzyme is non-specific, capable 
of decarboxylating all aromatic amino acids °,x°. Some 
data  on the properties of the foetal enzyme have been 
given elsewhere n.  
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The  p re sen t  inves t iga t ion  is an a t t e m p t  to  iden t i fy  t he  
e n z y m e  responsible  for t he  fo rmat ion  of h i s t amine  in t he  
bone  m a r r o w  of the  adu l t  rat .  The  red bone  m a r r o w  was 
t a k e n  f rom the  femoral  and  t ibial  bones  of decap i t a t ed  
ra t s  and  homogenized  in ice-cold 0.1 M p h o s p h a t e  buffer ,  
p H  7.0. A b o u t  20 an imals  were sacrif iced for each  e n z y m e  
prepara t ion .  The h o m o g e n a t e  was cen t r i fuged  a t  20,000 × g 
for 10 min.  The s u p e r n a t a n t  was p rec ip i t a t ed  wi th  a sa t -  
u ra ted  solut ion of a m m o n i u m  sulphate .  The  bulk  of en- 
zyme ac t iv i ty  was found in the  f rac t ion  p rec ip i t a t ed  a t  
be tween  25 and  40% sa tu ra t ion ,  The p rec ip i t a t e  was  
t aken  up in p h o s p h a t e  buf fe r  and  dia~ysed aga ins t  w a t e r  
a t  4°C overn ight .  Af te r  p re - incuba t ion  wi th  pyr idoxa l -5-  
p h o s p h a t e  for 15 min  a t  room t e m p e r a t u r e  t h e  e x t r a c t  
was incuba ted  wi th  h is t id ine  unde r  var ious  e x p e r i m e n t a l  
condit ions.  In  some e x p e r i m e n t s  C~-label led h is t id ine  was 
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Fig. 1 illustrates the change in pH optimum with different substrate 
concentrations. Enzyme activity is expressed as y,g histamine formed. 
The conditions of the experiments arc given in the text. At least two 
experiments were performed at each substrate concentration, o-o 
5 x 10-3M histidine concentration, 1 t.tg pyridoxal-5-phosphate/mL 
o-o 5 x 10-4M histidine concentration, 1 ~g pyridoxal-5-phos- 

phate]ml. 

used.  All incuba t ions  were pe r fo rmed  in 0.1 M p h o s p h a t e  
buffer  in a t o t a l  vo lume of a b o u t  1 ml  in an a t m o s p h e r e  of 
n i t rogen  a t  37°C. The  h i s t id ine  deca rboxy lase  ac t iv i ty  
was  e s t ima ted  b y  measur ing  the  a m o u n t  of h i s t amine  
formed in 1 h essent ia l ly  as  descr ibed  b y  BURKHA LTERs. 
The  values  are  g iven  in  ~g h i s t a m i n e  (free base) 
p roduced .  The  a m o u n t  of C14-histamine fo rmed  was  
d e t e r m i n e d  in a gas f low-counte r  af ter  organic  ex t r ac t ion  
and  final  isolat ion by  p a p e r  c h r o m a t o g r a p h y .  A de ta i led  
accoun t  of th is  m e t h o d  will be given e lsewhere  (H~KAN- 
SON, to  be publ ished) .  

The  p H  o p t i m u m  of t h e  enzyme  was  found  to  v a r y  w i t h  
t he  s u b s t r a t e  c o n c e n t r a t i o n  as i l lus t ra ted  in F igure  1. The  
subs t r a t e  s a tu ra t ion  po in t  t u r n e d  ou t  to  be h igh ly  de-  
p e n d e n t  on p H  as shown in Figure  2. The impl ica t ions  of 
a lmos t  ident ica l  observa t ions  on the  k inet ic  p roper t ies  of 
the  foeta l  enzyme  have  been  discussed e lsewhere lL No 
L-d ihydroxy-pheny la l an ine  (DOPA) deca rboxy lase  ac t iv-  
i t y  could be d e m o n s t r a t e d  in  t he  e n z y m e  p r e p a r a t i o n  by  
means  of a sens i t ive  m e t h o d  using Cl*-labelled D O P A  as 
subst ra te l~ .  The add i t ion  of non- rad ioac t ive  L-DOPA to 
a f inal  concen t r a t i on  of 10 -3M did n o t  inf luence the  for- 
mar ion  of h i s t amine .  In  all these  respec ts  t he  bone  mar row 
e n z y m e  behaves  exac t ly  as foeta l  h i s t id ine  decarboxytase .  
F r o m  these  obse rva t ions  i t  seems reasonable  to  conc lude  
t h a t  t he  enzymes  are ident ica l  or a t  least  v e r y  similar.  
Thus ,  i t  seems as if t he  process  of g r o w t h  and  cell mul t i -  
p l ica t ion in some t issues  of the  r a t  coincides wi th  the  h igh  
ac t iv i ty  of an  e n z y me  wi th  special  charac ter i s t ics ,  capable  
of d e c a r b o x y l a t i n g  his t id ine .  W h e t h e r  h i s t id ine  is t he  sole 
subs t r a t e  of th is  e n z y m e  is u n k n o w n  a t  present .  F r o m  
w h a t  is k n o w n  the re  seems to  be l i t t le  doub t ,  however ,  
t h a t  of t he  two h i s t a mi n e - f o r mi n g  enzymes  so far  charac-  
ter ized the  foetal  v a r i e t y  is t h e  only  one for which  the  
n a m e  h i s t id ine  deca rboxy lase  is poss ib ly  adequa te .  

Rdsumd. Dans  l '6 tude  ci-dessus la fo rmat ion  & h i s t a m i n e  
dans  la moelle osseuse du ra t  adu l t e  a 6t6 a t t r i b u t e  £ une  
enzyme  iden t ique  ou semblab le  5. la ddcarboxylase  d 'h i s t i -  
d ine  du r a t  foetal.  P a r  cons6quence,  l ' enzyme  de la moeIle 
osseuse diff~re de l ' e n z y me  qui, 6 ran t  pr6sente  dans  l '6corce 
rdnale des a n i m a u x  adul tes ,  fo rme l ' h i s t amine .  

R. H~.KANSON 
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Fig. 2. The influence of pH on the substrate saturation of the en- 
zyme. (A) illustrates the relation between histamine formation and 
concentration of histidine at pH 6.2 and in the presence of 1 [zg 
pyridoxal-5-phosphate. (B) illustrates the relation between histamine 
formation and concentration of histidine at pH 7.0 and in the 
presence of 1 (zg pyridoxal-5-phosphate. The results given in the 
Figures represent only parts of the experiments. A further increase in 
substrate concentrations did not result in higher enzyme activities, 
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