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mo ly t i c  process ,  t he  a n t i b o d y  m a y  a t t a c h  i tself  d i r e c t l y  
no t  on ly  to  t h e  c i r c u l a t i n g  r ed  ceils b u t  also to  t h e  b o n e  
m a r r o w  n o r m o b l a s t s ,  t h u s  c aus ing  the  b o n e  m a r r o w  
i m p a i r m e n t  d e m o n s t r a t e d  b y  d i f f e ren t  s t ud i e s  ( G A s s E R  4, 
SACCHETTI ,  R O S S I ,  a n d  D I E N A 5 ) .  

Th i s  poss ib i l i t y  refers  to  comple t e  a n d  i n c o m p l e t e  
an t i bod i e s ,  a n d  also to  a n t i b o d i e s  a c t i n g  o p t i m a l l y  i n  
vitro a t  t e m p e r a t u r e s  be low 37°C. 

V. Ross I ,  F, DZENA, a n d  C. SACCHETTI 

Institute o/ Medical Pathology, University o/ Genoa 
(Italy), April 29, 1957. 

Zusammentassung 
Es  w u r d e  u n t e r s u c h t ,  o b  die  E r y t h r o b l a s t e n  im 

m e n s c h l i c h e n  K n o c h e n m a r k  spez i f i sche  u n d  unspez i f i -  
sche An t igene ,  e n t s p r e c h e n d  den  E r y t h r o z y t e n ,  bes i tzen .  
l ) iese E i g e n s c h a f t  wurde  a u c h  bei  den  u n r e i f s t e n  baso-  
p h i l e n  E r y t h r o b l a s t e n  b e o b a c h t e t .  

Differences  
in the D e s o x y r i b o n u c l e o p r o t e i n  C o m p l e x  of 
N o r m a l  and Leukemic  H u m a n  L y m p h o c y t e s  

The  b i o c h e m i c a l  f i nd ings  of MIRSKy a n d  Rzs 1 i n d i c a t e  
t h a t  h i s t o n e  occurs  in c o n s t a n t  q u a n t i t a t i v e  r a t i o  to  
I )NA in cell  nuc le i  of the  s a m e  a n i m a l  species.  

ALFERT a n d  GESCHV¢IND 2, u s ing  a n  o r ig ina l  s t a i n i n g  
m e t h o d ,  o b s e r v e d  t h a t  t h e  n u c l e a r  c o n t e n t  of t h e  h i s t o n e  
s t a i n e d  w i t h  F a s t  g r een  a t  p H  8 is in  c o n s t a n t  r a t i o  w i t h  
c o r r e s p o n d i n g  n u c l e a r  c o n t e n t  of F e u l g e n  s t a i n e d  D N A .  

These  f ind ings  h a v e  b e e n  c o n f i r m e d  b y  us, in  r a t  a n d  
n o r m a l  h u m a n  l y m p h o c y t e s  3. 

I n  p r o l i f e r a t i n g  t issues,  such  as y o u n g  r a t  l ive r  cells 4 
and  g r a n u l o b l a s t s  of n o r m a l  h u m a n  b o n e  m a r r o w  ~, t he  
F e u l g e n / F a s t  g r een  r a t i o  was  f o u n d  to  be  m a r k e d l y  
lower, p r e s u m a b l y  4 due  to  a h i g h e r  F a s t  g r een  s t a in -  
ab i l i t y  of t h e  h i s t o n e  d u r i n g  n u c l e a r  s y n t h e s i s  of desoxy-  
r i b o n u c l e o p r o t e i n .  

I n  o rde r  to  c h e c k  t he  b e h a v i o u r  of t he  n u c l e o p r o t e i n  
c o m p l e x  in l eukemic  nuclei ,  c y t o p h o t o m e t r i c  d e t e r m i n a -  
t ions  of t h e  F e u l g e n  s t a i n e d  D N A  a n d  t h e  F a s t  g reen  
s t a i ned  h i s t o n e  were  ca r r i ed  o u t  in  t i le l y m p h o c y t e s  of 
four cases of l y m p h a t i c  l eukemia .  

1 A. E. MIRSKY a n d  H .  RIs,  J .  gen.  Phys io l .  34, 475 (1951}. 
2 M. ALFERT a n d  I. I. GESCHWIND, Proc .  na t .  Aead .  Sei. 39, 991 

,I ,~)5',~). 
3 S. PERVGINI, l_]. "YORELLt, a n d  M. SOLDATI, Riv.  I s t och im.  n o r m .  

pat .  2, 44.9 (1956); Riv .  l s t o c h i m ,  n o r m .  pa t .  3, 1 (1957). 
4 D. P. BLocJi a n d  G. C. GOD.~IAN, J .  b iophys ,  b iochem.  Cytol .  l ,  

5111 (1955). - S. PrRUOIm, U. TORELLI, and M. SOLDATI, Riv. 
I.~toehim. norm. pat. 2,449 (1956). 

5 S. PERVGINI, U. TORELLI, and M. SOLD*Tr, Riv. Istochim. norm. 
pat. 3, 1 (1957). 

T h e  c y t o p h o t o m e t r i c  a p p a r a t u s  was  t h a t  desc r ibed  
b y  one  of us, co -work ing  w i t h  VIALL16; t h e  Feu lgen  
r eac t ion  was p e r f o r m e d  as  desc r ibed  b y  POLLISTER~; the  
F a s t  g reen  s t a i n i n g  a c c o r d i n g  to  ALFERT a n d  GE- 
SCHWlND 2, as p r e v i o u s l y  desc r ibed  s. I 

NORMAL~ 

bl°°d~;;l__,_ 
LEUKEMIC 

blood _~ ~:L~ 

node 
i 

bone marro~  

i p r Aik  
i 

J L  
~ ' . . . i  . . . . . . . . . . .  [ I 

2'C 2C 4C 
DNA ¢onlenl HISTONE con~'en! 

(arbilrary Un} 

Nuclea r  c o n t e n t  of DNA a n d  h i s tone  in l? ;mphoeytes  of four  n o r m a l  
sub jec t s  a n d  of four  eases of t ymp tmt i e  l eukemia .  Values  of each  ease 
arc  d i f f e ren t ly  h a c h u r e d  a n d  ~ raph iea t ty  exposed  in func t ion  o~ the  
normal diploid (2 C) content. The data of hone inarrow in one ea~e 

are inisslng.  Ill o r d i n a t e  ll l lclear f r equency  ; scales are  l inear .  

T h e  m e a s u r e m e n t s  were  m a d e  in b lood,  b o n e  m a r r o w  
a n d  l y m p h n o d e  s m e a r s  of l eukemic  sub j ec t s ,  a n d  in 
n o r m a l  b lood  smear s ,  s t a i n e d  s i m u l t a n e o u s l y  (I; igure).  

M e a n  va lues ,  o b t a i n e d  in blood smears b y  t h i r t y  de-  
t e r m i n a t i o n s  in  e a c h  case,  a re  s u m m a r i z e d  in t h e  
Tab le .  

T h e  T a b l e  a n d  t h e  g r a p h i c  show t h a t  t h e  F a s t  g reen  
s t a i n e d  h i s t o n e  c o n t e n t  of t h e  l e u k e m i c  cells is g r e a t e r  

6 .'~I. VIALLI atld S. PERUGINI, Riv.  I s toeh im.  n o r m .  pa t .  l ,  119 
(t .us,,.). 

? A. ~,V. POLLtSTER, Rev .  H 6 m a t .  5 , 5 2 7  ( t950) .  
8 S. PERUGIN1, U. TORELLI, a n d  M. SOLDATI, Riv, I s toch im.  n o r m .  

pa t .  2, 449 (1956). 

Case t 
Case 2 
Case 3 
Case 4- 

Normal 

9.99 i 0.12 
9-84 ~ 0.23 

10.03 ~ 0.13 
9.90 4 0.23 

D N A  

Leukenf ic  

9.85 I 0'16 
0-33 -~- 0"21 
9-42 ~ 0-18 
0"90 ~ 0"36 

Normal 

10-08 :~- 0-15 
%99 !_ 0.23 

10.05 ? 0.30 
9.88 L 0.18 

His tone  

Leukenf ic  

10-92 4:0"30 
12"90 ! 0-32 
10"62 J 0'22 
1 2 ' 3 6 j  0"31 

{Mean values  ~ s t a n d a r d  error} 
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t h a n  t h a t  of n o r m a l  l y m p h o c y t e s ,  a l t h o u g h  t he  D N A  va-  
lues are s imi la r  in b o t h  cell ca tegor ies ,  i n d i c a t i n g  t h e  l ack  
of a D N A  m o v e m e n t  in  t h e  p a t h o l o g i c a l  l y m p h o c y t e s .  

Our  f ind ings  do n o t  a l low us to  dec ide  w h e t h e r  t he  
decreased  F e u l g e n / F a s t  g r een  r a t i o  in  t he  l e u k e m i c  
l y m p h o e y t e s  is due  to  a n  a b s o l u t e  inc rease  in  h i s tone ,  or  
to  a modi f ied  F a s t  g reen  s t a i n a b i l i t y .  

The  b iochemica l  o b s e r v a t i o n s  of CRUFT et al. 9, i nd i ca t -  
ing the  a b n o r m a l  p r o p e r t i e s  of h i s t o n e s  f rom m a l i g n a n t  
cells, seem to  s u p p o r t  t h e  l a t t e r  h y p o t h e s i s .  

I n  a n y  case,  i t  seems  t h a t  in  l e u k e m i c  l y m p h o c y t e s  t he  
p rope r t i e s  of t he  d e s o x y r i b o n u c l e o p r o t e i n  c o m p l e x  are  
d i f fe ren t  f rom those  of n o r m a l  l y m p h o c y t e s .  

A de t a i l ed  a c c o u n t  of t h i s  work ,  w i t h  s t a t i s t i c a l  
ana lys i s  of t h e  d a t a ,  will be  p u b l i s h e d  e lsewhere .  

Research supported by a grant of the Consigtio Nazionale delle 
Rieerehe, Roma. 

S. PERUGINI, U. TORELLI, a n d  
5I. SOLDATI 

Insti tute o[ 31edical Pathology, University of 3Iodena 
(Italy), M a y  23, 1957. 

Riass~tnto 

Gli a u t o r i  h a n n o  d e t e r m i n a t o  con  m e t o d o  c i to fo to -  
m e t r i c o  nel  v is ib i le  il c o n t e n u t o  di ac ido  desoss i r ibonu-  
cleico (DNA) e di p r o t e i n a  i s t on i ca  ne i  l in foc i t i  di  4 sog- 
ge t t i  n o r m a l i  e di 4 p a z i e n t i  a f f e t t i  d a  leucosi  l in fa t ica .  

I va lo r i  del D N A  sono  a p p a r s i  ugual i  nel le  cel lule 
n o r m a l i  e in quel le  l eucemiche ,  i va lor [  dc l l ' i s tone  sono  
r i s u l t a t i  in  q u e s t e  u l t i m e  super io r i  a l la  n o r m a ,  onde  it 
r a p p o r t o  D N A / i s t o n e  r i su l t a  essere nei  l in foc i t i  l eucemic i  
infer iore  a quel lo  dei l infoci t i  no rmal i .  

9 H. J. CRb'FT, C. M. MAVRITZEN, and /2. NTGDMAN, Nature 17~, 
5so (195,1). 

Muscle  Adenyl ic  D e a m i n a s e  

Afte r  t he  d i s c o v e r y  of a d e n y l i c  d e a m i n a s e  b y  SCH M IDT 1 
p a r t i a l l y  pu r i f i ed  p r e p a r a t i o n s  of t h i s  e n z y m e  h a v e  b e e n  
desc r ibed  b y  a n u m b e r  of i n v e s t i g a t o r s  ~. Recen t ly ,  t h e  
e x t e n s i v e  p u r i f i c a t i o n  a n d  c r y s t a l l i z a t i o n  of t h i s  e n z y m e  
h a s  been  r e p o r t e d  s. Mos t  m e t h o d s  used  for  t h e  p r e p a r a -  
t i on  of t h e  e n z y m e  s t a r t  w i t h  p r o c e d u r e s  w h i c h  arc  in-  
ef fec t ive  in e x t r a c t i n g  t h e  b u l k  of t h e  e n z y m e  ~. T h e  
b u l k  of the  adeny l i c  d e a m i n a s e  is e x t r a c t a b l e  o n l y  a t  
h igh  sa l t  c o n c e n t r a t i o n s .  T h e  ef fec t  of i nc r ea sed  c o n c e n -  
t r a t i o n  of sa l t  u p o n  adeny l i c  d e a m i n a s e  e x t r a c t i o n  f rom 
ace tone  powder s  of t i s sues  of seve ra l  species is s h o w n  in 
the  Table .  As i n d i c a t e d  in t h e  Tab le ,  on ly  a f t e r  r e a c h i n g  
mola r i t i e s  of 0.5 2d a n d  h i g h e r  is t h e  b u l k  of t h e  e n z y m e  
e x t r a c t a b l e .  A d v a n t a g e  h a s  been  t a k e n  of th is ,  a n d  of 
t he  d e n a t u r a t i o n  a n d / o r  i n s o l u b i l i z a t i o n  of o t h e r  en-  
zymes  by  ace tone  t r e a t m e n t ,  to  o b t a i n  w i t h  l i t t l e  e f fo r t  
a n  a c t i v e  p r e p a r a t i o n  free of eas i ly  so luble  e n z y m e s  a n d  
of myok inase .  The  p r o c e d u r e  desc r ibed  here  is i n t e n d e d  
to p r o v i d e  a s imple  r ep ro duc i b l e  p r e p a r a t i o n  useful  for 
a n a l y t i c a l  purposes .  The  d a t a  e m p h a s i z e s  t he  h i g h  level  
in ske l e t a l  muscle  of th i s  e n z y m a t i c  a c t i v i t y .  

A c e t o n e  p o w d e r s  of t i ssues  are p r e p a r e d  b y  a s t anda rd  
p r o c e d u r e  4. W h e n  k e p t  a t  0 ° in  a d e s s i c a t o r  t h e y  are 
s t a b l e  for  o v e r  1 year .  S o m e  p u r i f i c a t i o n  a n d  concen t ra -  
t i on  of t he  e n z y m e  is a c c o m p l i s h e d  as  fol lows:  E x t r a c t  
r a b b i t  musc le  a c e t o n e  p o w d e r  w i t h  10 vol  of w a t e r  w/v 
for 10 rain.  All  c e n t r i f u g a t i o n s  were  ca r r i ed  out  at  
5000 × g a n d  a t  0°C. T h e  a m m o n i u m  su l f a t e  solut ions 
were  s a t u r a t e d  a n d  a d j u s t e d  to  p i t  7.4 a t  0°C. All the 
s t eps  of t h e  f r a c t i o n  p r o c e d u r e  were ca r r i ed  o u t  a t  0 °C. 

The effect of salt concentration upon the extractibilRy of adenylic 
acid deaminase 

Species 

Extracting medium 

Water!0.2MKCl 0-25MKCII0"SM KCI] 1 M KCI 

Units/mq Units/ml Units/ml Units/ml l Unitslml 

2200 4300 5500 
777 1200 1400 

1000 1250 1400 

Rabb i t  . 185 420 
Pigeon . 340 - 
Chicken.  180 

C e n t r i f u g e  a n d  d i sca rd  t he  s u p e r n a t a n t  fluid.  Re-ex- 
t r a c t  w i t h  10 vol  w /v  of 0.2 M KCI a n d  d i sca rd  the  super- 
n a t a n t  f luid.  R e - e x t r a c t  w i t h  10 vol  of 1 M KC1 w/v 
twice  a n d  keep  t h e  s u p e r n a t a n t  f lu ids  a f t e r  cent r i fuga-  
t ion .  T h e  c o m b i n e d  s u p e r n a t a n t  f lu ids  h a v e  a b o u t  2000 
un i t s  5 a n d  7 m g  p r o t e i n  pe r  ml,  t h u s  y ie ld ing  more  than  
20 t i m e s  t he  e n z y m e  a c t i v i t y ,  pe r  g r a m  muscle ,  of other  
p r o c e d u r e s  ~. A d d  to  t he  c r u d e  KC1 e x t r a c t  1/4 vol  of 0-6 M 
d i s o d i u m  p h o s p h a t e  a n d  % vol  s a t u r a t e d  a m m o n i u m  
su l f a t e  p H  7.4; d i s ca rd  t he  p r e c i p i t a t e  a n d  prec ip i ta te  
t h e  e n z y m e  b y  a d d i n g  2/a vol  of a m m o n i u m  sulfate.  (All 
vol  re fe r  to  t h e  i n i t i a l  v o l u m e  of t h e  c r u d e  KC1 extract .)  
T h e  r e c o v e r y  is f r om 9 0 - 9 5 %  a n d  t h e  specif ic  ac t iv i ty  is 
i nc reased  a p p r o x i m a t e l y  2 fold e.g. 600-700'% CONWAY ~ 
o b s e r v e d  t h a t  sa l ine  was m o r e  e f fec t ive  t h a n  wa te r  for 
t h e  e x t r a c t i o n  of t h e  e n z y m e ,  h o w e v e r  he  d id  not  ex- 
p lore  f u r t h e r  t h e  ef fec t  of h i g h  c o n c e n t r a t i o n s  of salts. 
He  also s h o w e d  t h a t  t h e  a d e n y l i c  d e a m i n a s e  appeared 
to  h a v e  a v e r y  low a f f i n i t y  for  t h e  s u b s t r a t e  and he 
d i scussed  t h e  poss ib le  e x i s t e n c e  of i n h i b i t o r s .  Whe the r  
t he  adeny l i e  d e a m i n a s e  p r e s e n t  in  t h e  p r e p a r a t i o n  here 
de sc r ibed  possesses  t i g h t l y  b o u n d  i n h i b i t o r s  is no t  known. 
T h e  a d d i t i o n  of c r u d e  a c e t o n e  p o w d e r  e x t r a c t s  with 
l i t t l e  a d e n y l i e  ac id  d e a m i n a s e  a c t i v i t y ,  e.g. h e a r t ,  is not 
i n h i b i t o r y ;  howeve r ,  w h e n  c o m p a r i n g  a c t i v i t y  a t  several 
d i lu t ions ,  we h a v e  o b s e r v e d  a n  a p p a r e n t  h i g h e r  ac t iv i ty  
a t  h i g h e r  d i l u t i o n s  of t he  e n z y m e .  W e  h a v e  o b s e r v e d  tha t  
w h e n  us ing  in i t i a l  ve loc i t i e s  a n d  less t h a n  10-20% 
s u b s t r a t e  u t i l i za t ion ,  t h e r e  is e s sen t i a l l y  a doub l ing  of 
r a t e  b y  d o u b l i n g  t he  s u b s t r a t e  c o n c e n t r a t i o n  between 
2 N 10 - - s M  a n d  2 × 10 - 3 M .  T h i s  is in  s h a r p  cont ras t  
w i t h  t h e  d a t a  of NIKIFORUK a n d  COLOWICK 5 bu t  in 
a g r e e m e n t  w i th  t he  d a t a  of CONWAY a n d  COOK s. 

F r o m  the  a c t i v i t y  m e a s u r e m e n t s  s h o w n  in the  Table 
i t  h a s  b e e n  c a l c u l a t e d  t h a t  a t  37 °, p H  6.45 a n d  4 × 10 -~ 
M 5 -adenos ine  m o n o p h o s p h a t e ,  a g r a m  of muscle can 
d e a m i n a t e  o v e r  15 m i c r o m o l e s  5 -adenos ine  monophos-  
p h a t e / m i n  a n d  t h i s  f igure  would  be  h i g h e r  a t  higher 
c o n c e n t r a t i o n s  of 5 - adenos ine  m o n o p h o s p h a t e .  I t  ap- 

I G. SCHMtDT, Z. physiol. Chem. 170, o13 (19o8}; 2#8, 185 (1932); 
2t.9, 191 (1933). 

2 H. M. KALCKAR, J. biol. Chem. 167, 429,461 (1947). G. NIKI- 
~'ORUK and S. P. COLOWICK, J. biol. Chem. o19, 119 (1956). 

a YA-Plg LEE, Fed. Proc. 1,~, 298 (1956); 16, 210 (t957). 

4 S. GRISOLIA, in. COLOWlCK and IKAPLAN, Methods in Enzymology 
(Academic Press Inc., 1955), vol. II, p. 350. 

5 G. NIKIFORUK and S. P. COLOWlCK, J. biol. Chem. °~19, 119 
(1956). 

E. T. CONWAY and R. CooKG Biochem. J. ,~3, 479 (1939). 


