
432 Brbves communications- Brevi comunicazioni [ExeEntENTIA Voc. IV/I 1] 

3 Tage  nach  Beg inn  des Ver suches  w a r e n  die To- 
m a t e n s c h a l e n  des Pa ra l l e lve r suches  gelb.  Dagegen  w a r  
n a c h  3 Tagen  in den  s t r e p t o m y c i n b e h a n d e l t e n  To- 
m a t e n s c h n i t t e n  ein U b e r g a n g  von  Gri in in Ge lb ro t  
n o c h  k a u m  zu bemerken .  

Bei m i k r o s k o p i s c h e r  V i t a l b e o b a c h t u n g  der  Schn i t t e  
in 10 %iger  Zucker l6sung  zeigte  sich : 

In  den  W a s s e r k o n t r o l l e n :  keine Cyto lyse ;  f as t  alle 
P l a s t e n  s ind in ge lborangefa rb ige  C h r o m o p l a s t e n  ver-  
w a n d e l t  worden .  

Ohne  B e h a n d l u n g :  ke ine  CytolYSe; fas t  alle P l a s t e n  
gu t  e rha l t en ,  alle t r a g e n  deu t l i eh  den  C h a r a k t e r  yon  

Chloroplas ten .  2vl. BRACCO u n d  H.  v.  EULt~R 

I n s t i t u t  Iiir o rgan i sch -chemische  F o r s c h u n g  de r  Uni -  
versit~it S tockho lm,  d e n  10. Ju l i  1948. 

S u m m a r y  

(1) By p rec ip i t a t i on  wi th  a m m o n i u m  sulfate ,  s t r ep to -  
mycin ,  or  ca lc ium salts ,  we o b t a i n e d  f rom t h e  pu lp  of 
t o m a t o e s  a s u b s t a n c e  con ta in ing  caro t ino ids .  The 
b e h a v i o u r  of th i s  s u b s t a n c e  was  ana logous  to  t h a t  of 
c h l o r o p l a s t - s u b s t a n c e  a n d  to  t h a t  of an ima l  cy to -  
p l a sma t i c  nuc leopro te ins .  Like  these  i t  con ta ins  p ro te ins ,  
l ipids,  a n d  v e r y  p r o b a b l y  nucleic  acids.  W e  rega rd  th i s  
s u b s t a n c e  as a chromoplast ine.  

(2) E x p e r i m e n t s  w i t h  slices of g reen  t o m a t o e s  show 
t h a t  t he  c h a n g i n g  ove r  0f t h e  ch lorophyU c o n t e n t  i n to  
t h e  ca ro t ino id  c o n t e n t  is i n h i b i t e d  b y  the  p resence  of 
s t r e p t o m y c i n .  

(3) S t r e p t o m y c i n  inh ib i t s  the  f o r m a t i o n  of ch lo rophy l l  
in e t io l a t ed  s e p a r a t e d  cabbage  leafs, j u s t  as th i s  d rug  
inh ib i t s  t he  f o r m a t i o n  of ch lo rophy l l  in g rowing  seeds.  

(4) The  d e v e l o p m e n t  of a n t h o c y a n i d e s  is n o t  in- 
f luenced  by  s t r e p t o m y c i n .  

P u r i f i c a t i o n  o f  A r ~ , i n a s e  

A su rvey  of t he  l i t e ra tu re  on a rg inase  shows  cons ider -  
able d ivergence  b e t w e e n  the  conclus ions  of d i f fe rent  
workers  on a lmos t  all a spec t s  of t he  subjec t .  These  
va r i a t ions  are due  ma in ly  to  t he  fac t  t h a t  none  (with t he  
excep t ion  of th ree  or four  of t he  40 or 50 d i f fe ren t  
p rocedures  for the  p r e p a r a t i o n  a n d  pur i f i ca t ion  of 
a rg inase  t h u s  far  tSublished) gives a p r o d u c t  even  
a p p r o x i m a t e l y  pure .  Most  of t h e  p r e p a r a t i o n s  used  h a v e  
c o n t a i n e d  f rom four  to  a ve ry  m u c h  grea te r  n u m b e r  of 
enzymes ;  m a n y  of wh ich  u n d o u b t e d l y  in t e r f e red  a n d  
r e n d e r e d  t h e  conclus ions  u n c e r t a i n L  This  is p a r t i c n l a r l y  
u n f o r t u n a t e  in v iew of t he  i m p o r t a n c e  of  t he  a rg inase-  
a rg in ine  re la t ionsh ip  in t he  g r o w t h  of t i ssues  unde r  
n o r m a l  a n d  pa tho log ica l  cond i t ions  on wh ich  accura te  
q u a n t i t a t i v e  d a t a  are  bad ly  needed.  I t  is in connec t ion  
wi th  such s tudies ,  on which  a r epo r t  is now in p r e p a r a t i o n  
by  A. VAI~NOTTI 2, N~:UKO.~M 8, and  t h e  wri ter ,  t h a t  i t  
was dec ided  to  pub l i sh  in detai l  a pur i f i ca t ion  p rocedure  
wh ich  has  been  d e v e l o p p e d  by  t h e  wr i t e r  over  t h e  las t  
t w o  years ,  fully recogniz ing  of course  t h a t  m a n y  
i m p r o v e m e n t s ,  a n d  p e r h a p s  qu i t e  d i f f e r en t  p rocedures ,  
are  possible .  

1 S. EDLBACHER and S. SIMOr~S, Z. physiol. Chem. 167, 76 (1927). 
- M. M. R~CHAnDS and L. HELLERMAr~, J. Biol. Chem. 1;34, 237 
(1940). - M. MOHAMr;D and D. M. GRE~NBERG, Arch. Biochem. 8, 
349 (1945). - S. BACH, J. Nature 158, 376 (1946). - C. B. TrtoMPsoN, 
Science 104, 576 (1946). 

2 Director of the Medical Poliellnic, Lausanne. 
3 Laboratoire du Centre anticanc~reux romand, Lausanne. 

The  m e t h o d s  here  desc r ibed  have  given,  a t  i ts  best ,  a 
p r o d u c t  w h i c h  in t h e  Tisel ius a p p a r a t u s  shows  t w o  
c o m p o n e n t s  of wh ich  ac t ive  a rg inase  c o n s t i t u t e s  a b o u t  
80 % a n d  the  o t h e r  c o m p o n e n t  is an  inac t ive  pro te in .  
The re  are also p r e s e n t  t races  of  ca ta lase  and  of r iboflavin.  
The  bes t  yield o b t a i n e d  before d r y i n g  is 65% of t h e  
arg inase  in t he  f i rs t  c rude  ex t rac t ion ,  and  t h e  ac t iv i ty  
of the  f inal  dr ied  p r o d u c t  w h e n  t h o r o u g h l y  r e a c t i v a t e d  
is a b o u t  65,000 a rg inase  un i t s  (AU) per  g ram 1. A t t e m p t s  
a t  c rys ta l l i za t ion  have  been  a b a n d o n e d ,  as a p r e l i m i n a r y  
e s t i m a t i o n  of t he  amino  acid c o n t e n t  of t he  pur i f ied  
p r o d u c t  indica tes  a compos i t i on  s imi lar  to  t h a t  of t h e  
non-c rys ta l l i zab le  ge la t in  or e las t in .  

Procedure 

A. Extract I-0 kg fresh young Horse liver in 2.0 1/5~/o sodiunt 
acetate to which 30.8 g MnSOa. 4H20 has been added, and PH 
adjusted to 7.0 with 1N NaOH, for 5 days at 5°-10 ° temperature. 
Filter and centrifuge; reject residue. 

B. Add 1.01 0.12 M lead acetate, adjust PH to 6.7, stand over 
night in refrigerator. Centrifuge, reject residue. 

C. Add pure dry ammonium sulphate to 35% saturation; adjust 
4H to 6.8; stand over night in refrigerator. Centrifuge; reject residue. 

D. Add ammonium sulphate to bring to 75~/0 saturation. Adjust 
PH to 7.0. Stand over night. Centrifuge; reject supernatant. Dissolve 
precipitate in 150-200 ce 0-1 M phosphate buffer PH 7.0. Stand over 
night. Centrifuge; reject precipitate. 

E. Dialyse in distilled water adjusted to PH 6-5--6.8 for three days 
in refrigerator. Centrifuge; reject precipitate. (Solution now contains 
about 3 g ammonium stflphate per 1.) 

F. Add ammonium sulphate until definite precipitate is obtained- 
usually about 2~°/0 saturation. Adjust PH to 6-8. Centrifuge; reject 
precipitate. 

G. Add ammonium sulphate to about 68% saturation, adjust 
PH to 6.8. Stand over night. Centrifuge; reject supernatant. Dissolve 
precipitate iu 275-800 ce phosphate buffer PH 7. Stand over night. 
Centrifuge; reject residue. 

H. Dialyse in distilled water adjusted to PH 6.8 for three days in 
refrigerator. Centrifuge; reject precipitate. Adjust PH to 6"8. 

J. Add cobaltous chloride to give 4 mg Co ++ per ee. Stand three 
hours at room temperature. In constant temperature bath at 63 °, 
heat with constant stirring to 600 , maintain at that temperature for 
5 minutes, cool rapidly: Centrifuge; reject precipitate. Adjust 
solution to PH 6.8. 

K. To remove the eatalase, which is now the chief remaining 
impurity, add 0.2 M MnSO a (PIt 5"4) and 2% K~HPO 4 adjusted 
with NaOH to PIt 9, in the following proportions: 

Arginase solution 3 parts 
MnSO a 1 part 
K2HPO 4 3 parts 

I t is essential that (1) the PH's be rigorously as indicated; (2) that the 
MnSO 4 be added first with rapid stirring for no~t more than 15-20 
seconds; (3) that the K2HPO ~ be added at once and rapidly and the 
Solution vigorously stirred for 5 minutes. Keep at 5°-10 ° until the 
suspension begins definitely to precipitate out; then centrifuge and 
reject precipitate. The solution should now be colourless, but will 
sometimes show a pink tinge from excess of cobalt, which should be 
removed by adjusting the PFI to 7.2 with 1.0 M NaOH added 
dropwise with constant stirring, followed by a final centrifugation. 

If the clarified solution is slightly yellowish, it still contains traces 
of catalase and riboflavin, practically negligible. Should the colour 
be definitely yellow or tingeing on brown, the excess impurities must 
be removed by repeating operations G, H and K. 

Finally the solution may be reduced to a dry powder by lyophiliz- 
ing after thorough dialysing out all salts. Unfortunately this thorough 
dialysis also removes an essential as yet unidentified eoenzyme, and 
activity is restored only about 20% by the addition of manganese or 
cobalt. 

The coenzyme may be obtained as follows : 500 ec of the product 
from operation B above is dialysed for I0 days in 1 1 of distilled 
water without change of water. The dialysis water is then reduced by 
slow evaporation to 150--200 ee. One ce of this solution is sufficient 
to reactivate a solution of 1 g of the dried product a further 50%. 
The powder if kept thoroughly dry keeps its activity for at least a 

1 Laboratoire du Centre anticancdreux romand, Lausanne. 
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:;ear at ordinary temperatures; but if allowed to get damp begins to 
deteriorate after S months x. 

T h e  fo l lowing T a b l e  is f a i r ly  r e p r e s e n t a t i v e  of t h e  
r e su l t s  o b t a i n e d  f rom t h e  a b o v e  p r o c e d u r e  ( th is  ex-  
t r a c t i o n  s t a r t e d  w i t h  1-5 kg  f resh  y o u n g  Horse  l iver,  
pa s sed  t h r o u g h  a m o d e r a t e l y  f ine g r inder )  : 

I 
Operation { Quantity cc 

A 
]3 
C 

D 
E 
F 
G 
H 
I 
K* 

2,144 
3,580 
3,420 

874 
1,025 
1,058 

460 
490 
505 

1,960 

AU/ec Total AU %, Yield 

108 231,600 
229,100 
218,900 
214,100 
214,200 
213,700 
123,100 
122,500 
210,600 
150,100 

64 
64 

245 
209 
202 
267 
250 
417 

76.6 

100 
99 
94 "5 
92 '4 
92 '4 
92 '3 
53 '1 
52 '9 
91 
64 -8 

* Including precipitation of excess cobalt. 
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Rdsumd 

N o m b r e u x  s o n t  les t r a v a u x  qu i  t r a i t e n t  de  la s6para -  
t i on  et  de la  p u r i f i c a t i o n  de l ' a rg inase .  Le  p r 6 s e n t  t r a v a i l  
d6cr i t  u n e  m 6 t h o d e  de p u r i f i c a t i o n  qu i  p e r m e t  d ' o b t e n i r  
u n e  a rg ina se  a c t i v e  c o n t e n a n t  des  t r a c e s  d ' i m p u r e t 6 s  
( 8 0 %  d ' a r g i n a s e  ac t ive) .  

I Activi~:y determined as by MOHAMED and GREENBERG, supra. 
2 Formerly Re ,a rch  Assistant at the Medical School, University 

of California. 

S u r  d e s  p i g m e n t s  r o u g e s  d e  L e v u r e s  

Les  p i g m e n t s  rouges  des  L e v u r e s  (en p a r t i c u l i e r  c eux  
des  ToruIa e t  esp6ces  vois ines)  d o n t  les p r o p r i 6 t 6 s  ch i -  
m i q u e s  o n t  6t6 4 tab l ies ,  a p p a r t i e n n e n t  a u  g r o u p e  des  
c a r o t 6 n o i d e s L  

L ' o b j e t  de la  p r 6 s e n t e  n o t e  es t  de  d6cr i re  u n  g r o u p e  de 
p i g m e n t s  rouges  t r6s  d i f f6 ren t .  L a  r ace  de L e v u r e  q u i  
f o r m e  ces p i g m e n t s  ddr ive  d ' u n  m u t a n t  isol6 d ' u n e  l ign6e 
h a p l o i d e  de Saccharomyces cerevisiae. E n  d e h o r s  de la  
p i g m e n t a t i o n ,  elle es t  ca rae t6 r i s6e  p a r  l ' i n c a p a c i t 6  de 
pro l i f6 re r  en  absence  d ' a d 6 n i n e  ou d ' h y p o x a n t h i n e :  d e n s  
le mi l ieu  de cu l tu re .  E n  ou t re ,  l e s p i g m e n t s  ne  se I o r m e n t ,  
d e n s  nos  c o n d i t i o n s  de cu l t u r e ,  q u ' e n  a4rob iose  e t  s o n t  
s u j e t s  k des  v a r i a t i o n s  q u a n t i t a t i v e s  e t  q u a l i t a t i v e s  cor-  
r e s p o n d e n t  k des  v a r i a t i o n s  de  c o u l e u r  a l l a n t  du  rose 
p~le  au  b r u n  tone6 en  p a s s a n t  p a r  des  t e i n t e s  rouges  
i n t e r m 6 d i a i r e s .  

Les  p i g m e n t s  rouges  e x t r a i t s  de  c e t t e  L e v u r e  s o n t  p lus  
ou m o i n s  so lub les  d e n s  l ' e au  et  i n so lub le s  d e n s  les s o l v e n t s  
o rgan iques .  L a  p l u p a r t  de ces p i g m e n t s  se t r o u v e n t  d e n s  la 

1 E. LEDERER, C. R. Acad. Sei. 197, 1694 {1933); Bull. Soc. Chim. 
biol. 20, 611 (1938). - H. F~NK et E. ZENGER, VVschr. Brauerei 193d, 
N ° 12. - CL. F~OmAGEOT et J. L. TCHANG, Arch. Mikrobiol. 9, 424 et 
434 (1938). - P. KARRER et J. RUTSCHMANN, Hclv. china, aeta 26, 
2109 (1943); 28, 795 (1945); 29, 855 (1946). 

2 E. TAVLITZKI, communication vcrbale, 

L e v u r e  sous  f o r m e  de sels ;  les p i g m e n t s  p r 6 c i p i t e n t  ap r6s  
ac id i f i c a t i on  e t  se p r 6 s e n t e n t  g 6 n 6 r a l e m e n t  sous  f o r m e  
de f locons  a m o r p h e s  rouge  fonc6, t r6s  so lub les  d e n s  les 
l i q u e u r s  a lca l ines  a q u e u s e s ;  les sels d ' A g  e t  P b  de ces 
p i g m e n t s  ac ides  s o n t  t r6s  peu  so lubles  d e n s  l ' eau .  

L ' h y d r o l y s e  ac ide  (HC1 6 N  p e n d a n t  24 h k 100 ° ) 
d 6 t r u i t  la c o u l e u r  rouge  e t  l ib~re p lu s i eu r s  ac ides  aminds .  
L a  c h r o m a t o g r a p h i c  de p a r t a g e  su r  pap ie r ,  se lon  CoI~s- 
DEN, GORDON e t  MARTIN l, n o n s  a p e r m i s  d ' i d e n t i f i e r  les 
ac ides  a m i n 6 s  s u i v a n t s  (les p r o p o r t i o n s  r e l a t i v e s  6 t e n t  
i n d i q u 6 e s  a p p r o x i m a t i v e m e n t  p a r  tc h o m b r e  de  + ) :  
ac ide  g l u t a m i q u e  + + + + ,  glycocol le  + + + ,  s6r ine + q-, 
r e l i n e  + + ,  leuc ine  + + ,  ac ide  a s p a r t i q u e  + ,  a l a n i n e  + ,  
p ro l ine  + 2. I1 s ' ag i t  done  de r o u t e  6v idence  de mol6cules  
composdes  d ' u n  g r o u p e m e n t  p r o s t h 6 t i q u e  rouge  a t t a c h 6  
5. u n e  ou p lus ieu res  c h a l n e s  p o l y p e p t i d i q u e s  p lus  ou 
m o i n s  longues .  L a  r 6 d u c t i o n  r a p i d e  de ces p i g m e n t s ,  

t e m p 6 r a t u r e  o rd ina i r e ,  p a r  SO~ ou H2S, a ins i  que  
l ' a l l u r e  de  la  c o u r b e  & a b s o r p t i o n  s e m b l e  i n d i q u e r  la 
n a t u r e  q u i n o i d e  d u  g r o u p e m e n t  p r o s t h d t i q u c .  

L ' a n a l y s e  616menta i re  de  ces p i g m e n t s  qui ,  m a l g r 6  u n e  
p u r i f i c a t i o n  poussde,  ~ont  res t6s  a m o r p h e s ,  a d o n n 6  les 
c h i f f r e s s u i v a n t s :  C 33,1 ~ 38 ,7%,  H 6,1 ~t 7 ,6%,  N 8,4 

9 ,1%,  P 1,4~k 3 , 4 % ;  c e n d r e s  0 , 3 9 h  0 ,71%.  
Les  spec t re s  & a b s o r p t i o n  de  ces p i g m e n t s ,  qu i  p e u v e n t  

5 t re  di f fdrenci6s  d ' a p r 6 s  leurs  so lubi l i t6  d e n s  l ' a l coo l  
a q u e u x ,  p r 6 s e n t e n t  u n e  b a n d e  s i tu6e  a u x  e n v i r o n s  de  
525 mle ( d 6 t e r m i n a t i o n  a u  s p e c t r o p h o t o m 6 t r e  de BECK- 
MAN). 

C e r t a i n s  des  c a r a c t 6 r e s  c h i m i q u e s  e t  p h y s i q u e s  i nd i -  
qu6s  c i -dessus  r a p p r o c h e n t  ces s u b s t a n c e s  des  p i g m e n t s  
rouges  e x t r a i t s  du  foie e t  se m o n t r a n t  ac t i f s  c o n t r e  l ' and -  
mie  pe rn i c i euse  ( v i t a m i n e  By2 e t  s u b s t a n c e s  a p p a r e n t 6 e s )  
que  RICKES e t  coll., a ins i  que  LESTER-S~tITH o n t  r6cem-  
m e n t  d6c r i t  3. 

Des  cssais  bac t6 r i o log iques  su r  Lactobacillus lactis 4 
DORNER e t  des  t e s t s  p h y s i o l o g i q u e s  s o n t  e n  cours  5. 

]3. EPHRUSSI e t  E.  LEDERER 

I n s t i t u t  de  g6n6 t ique  d u  C . N . R . S .  e t  Se rv ice  de  
b ioch imie ,  I n s t i t u t  de biologic  p h y s i c o - c h i m i q u e ,  P a r i s  
le 26 ju i l l e t  1948. 

Note a]outde le 30 ]uillet 19.18. - LESTER SMITH ( N a t u r e  
162, 144, du  24 ju i l l e t  1948) a r a p p o r t 6  r 6 c e m m e n t  que  la  
v i t a m i n e  B ~  cr i s ta l l i s6e  c o n t i e n t ,  p o u r  un  po ids  mol6-  
cu la i re  de  1500, u n  a t o m e  de  c o b a l t  e t  t ro i s  a t o m c s  
de  p h o s p h o r e .  C e t t e  d d c o u v e r t e  a 6t6 fa i t e  s i m u l t a n 6 -  
m e n t  p a r  les c h e r c h e u r s  de M e r c k  (RAHwAY). N o u s  
a v o n s  t r o u v 6  que  nos  d i f f~ ren te s  f r a c t i o n s  de p i g m e n t s  
de  L e v u r e  c o n t i e n n e n t  6 g a l e m e n t  du  p h o s p h o r e ,  ma i s  
pa s  de  coba l t .  Calcul6 p o u r  u n  po ids  mo l6cu l a i r e  m o y e n  
de  2000, nos  p i g m e n t s  c o n t i e n n e n t  u n  ou d e u x  a t o m d s  
de  p h o s p h o r e ,  s u i v a n t  le cas% 

B. EPItRUSSI e t  E.  LEDERER 

1 R. CONSDEN, A. H. GORDON et A. J. P. 31ARTIN, Biochem. J. 
&~', 224 (1944). 

Analyse de M. JUsTIsz. 
E. L. RIeKEs, N. G. BmNK, F. R. KoNiuszv, T. R. WOOD et 

K. FOLKERS, Science 107, 396 (1948). - E. LESTER SMITU, Nature 
161, 638 (1948). 

4 M. S. ShoRn, J, Biol. Chcnh 169, 455 (1947); Science 107, 397 
(1948). 

5 Nous remereions le Professeur T. REICHSTEIN, BMe, qui a bien 
voulu comparer quelques-unes de nos fractions avec des pigments 
cxtraits du role. 

Etant donn6 t'6tat amorphe de nos pigments, it n'est pas en- 
core certain que les acides amines dcceles apr~s hydrolyse fassent 
pattie de ces pigments. La pr6senee d'impuret6s prot6iques Oll pep- 
tidiques n'est pas.exclue. 

28 Exper. 


