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M o n o a m i n e  O x i d a s e  A c t i v i t y  in  M e m b r a n e  S t r u c t u r e s  of  R a t  L i v e r  Ce l l  

Monoamine  oxidase  ac t iv i ty  in h o m o g e n a t e s  of liver, 
b ra in  a n d  some o t h e r  organs  is localized ma in ly  in mi to-  
chondr ia l  f rac t ion  1 and  is t i gh t l y  b o u n d  w i t h  mi to -  
chondr iaI  m e m b r a n e s  ~. On I rac t iona t ion  of m i tochon -  
drial  m e m b r a n e s ,  t h e  m o n o a m i n e  oxidase  ac t iv i ty  in 
some cases 3,4 was  found  in a f rac t ion  t e r m e d  ' ex te rna l  
m i tochondr i a l  membranes ' .  Monoamine  oxidase  (EC 
1.4.3.4) has  therefore  been  considered as a 'ma rk e r  
e n z y m e '  for ex te rna l  mi tochondr i a l  membranes4 ,  5. 

In  h o m o g e n a t e s  of t hy ro id  g land ~, h e a r t  musele  7 and  
of some o the r  organs  and  tissues, a cons iderable  p a r t  of 
m o n o a m i n e  oxidase  ac t iv i ty  has been  localized in micro-  
somes.  However ,  d i rec t  evaluat ion ,  unde r  comparab l e  
e x p e r i m e n t a l  condi t ions ,  of m o n o a m i n e  oxidase  ac t iv i ty  
in var ious  m e m b r a n e  s t ruc tu res  of a cell has  no t  been  
carr ied  out.  

I t  was  one purpose  of t he  p r e sen t  work  to  compare  t h e  
values  of specific m o n o a m i n e  oxidase  ac t iv i ty  (measured 
by  a h igh ly  sens i t ive  color imetr ic  m e t h o d  based  on 
following the  ra te  of ox ida t ion  of p - n i t r o p h e n y l e t h y l -  
amine  s, 9) in var ious  m e m b r a n e  s t ruc tu res  of ra t  l iver cell. 

P r epa ra t i ons  of m i tochondr i a l  m e m b r a n e s  10, cy to-  
p lasmic  m e m b r a n e s  n ,  nuclei  ~ and  nuclear  m e m b r a n e s  
(envelopes) ~a, as well as those  of m e m b r a n e o u s  s t ruc tu res  
of e rgas top lasmic  re t icu lum 1~, were  suspended  in 0 ,23I  
p o t a s s i u m  p h o s p h a t e  buffer  (pH 7.4). Con ten t  of p ro te in  
has  been  measured  as descr ibed by  L o w R y  et  al. ~ using 
crys ta l l ine  beef  se rum a lbumin  as a s t anda rd .  

The Figure  shows t h a t  in mi tochondr i a l  m e m b r a n e s  
(which con ta in  more  t h a n  70% of t he  t o t a l  m o n o a m i n e  
oxidase  ac t iv i ty  of ra t  l iver homogenateX) specific mono-  
amine  oxidase  ac t iv i ty  ca lcu la ted  per  mg  of p ro te in  is 
cons iderab ly  lower, as con lpared  w i t h  t he  monoa ln ine  
oxidase  a c t i v i t y  in cy top la smic  m e m b r a n e s  or, especially,  
in nuclear  m e m b r a n e s  (envelopes).  In  some e x p e r i m e n t a l  
hepa tomas ,  th i s  e n z y m a t i c  a c t i v i t y  is a lmos t  ab sen t  ~a. 
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Specific monoamine oxidase activity in membrane structures of rat 
liver cell. Substrate p-nitrophenylethylamine. HCL 3. Composition 
of samples and experimental conditions as described previously% 
Mean values ~ standard deviation are presented. Number of experi- 
ments in parentheses. I, starting homogenate; II, cytoplasmic 
membranes; I I I, nuclei; IV, nuclear membranes (envelops); V, mito- 
ehondria; VI, mitoehondrial membranes; VII, membrancous struc- 
tures of ergastoplasmie retieulum. 

Monoamine  oxidase  a c t i v i t y  m a y  the re fore  no t  be con-  
s idered as a charac te r i s t i c  p r o p e r t y  of m i tochondr i a l  
m e m b r a n e s .  

Biological s ignif icance of m o n o a m i n e  oxidase  ac t iv i ty  
in m e m b r a n e  s t ruc tu res  of celt is a t  t he  p re sen t  t i m e  
unknown .  A possible  role for these  e n z y me s  is sugges ted  
by  the  prev ious ly  pub l i shed  da t a  ~7 on pa r t i c ipa t ion  in 
regula t ion  of ac t iv i ty  of some s t ruc tu re  - b o u n d  e n z y m e s  
of t issue resp i ra t ion  of d e a m i n a t e d  p r o d u c t s  of biogenie 
m o n o a m i n e s  metabo l i sm.  F o r m a t i o n  of these  p r o d u c t s  
is p r e v e n t e d  by  specific powerful  m o n o a m i n e  oxidase  
inh ib i to rs  17. 
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E n z y m a t i c  P h o s p h o r y l a t i o n  of  P r o t e i n s  of  R a t  L i v e r  C h r o m a t i n  b y  ( 7 - 3 2 P )  A T P  in  v i t r o  

The role p layed  by  ch romosoma l  p ro te ins  in t he  cont ro l  
of gene ac t iv i ty  is one of t h e  ma in  po in t s  of cu r ren t  
in teres t .  A charac te r i s t ic  of these  p ro te ins  is the  ex is tence  
of several  chemical  groups  on the  amino  acid side chains  

of t he  molecule,  such as me thy l ,  ace ta t e  and  phospha t e ,  
groups  which  mo d i f y  t h e  ne t  charge  and  p e r h a p s  the  
in te rac t ion  of t he  p ro te in  w i t h  the  nucleic acids of t he  
c h r o m a t i n  1. I t  has  been  pos tu l a t ed  and  evidence  has 
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been  p resen ted  for a cor re la t ion  be tween  such chemica l  
modi f ica t ions  of ch romosoma l  p ro te ins  w i t h  increased 
ra tes  of t r ansc r ip t i on  2. 

We  have  shown prev ious ly  3 t h a t  i so la ted  ra t  l iver  
nuclei  incorpora te  the  7- te rmina l  p h o s p h a t e  of A T P  in to  
t he i r  prote ins .  F u r t h e r  we p re sen t ed  ev idence  t h a t  pro-  
t e ins  of isolated c h r o m a t i n  are also p h o s p h o r y l a t e d  in 
the  presence  of (7_3~p) ATP.  Some charac te r i s t i cs  of t he  
c h r o m a t i n  i nco rpo ra t ing  sy s t em are p re sen ted  below. 

Nucleot ides  were ob ta ined  f rom Boehringer ,  Mannhe im,  
cyclic 3', 5 ' -AMP, Tr i ton  × -100 and  Dowex  50 × 4 f rom 
Serva,  Heidelberg.  H ~ P O  4 (500-1000 Ci/mmole)  and  
(7-3~P) A T P  (1-2 Ci/mmole) were  purchased  f rom The 
Rad iochemica l  Centre,  Amersham,  N a , ~ P 2 0  ~ (10-70 mCi] 
mmole)  f rom C.E.A.,  Gi f -sur -Yvet te .  Male Wis t a r  B R I I  
ra t s  weighing 120-170 g were  used.  

I so la t ion  of nuclei  and  c h r o m a t i n :  R a t  l iver  nuclei  
were  isolated as descr ibed prev ious ly  ~. S t a r t i ng  w i t h  
pur i f ied  nuclei  c h r o m a t i n  was t h e n  p r epa red  accord ing  
to  MARUSHiGE and  BONNER 5. 

Separation of chromosomal proteins: The method 
adopted to separate chromosomal proteins is in principle 
the one used by GILMOUR and PAUL s. Chromatin from 
i0 rat livers was taken up in 80-100 ml 22]// NaCI, 5M 
urea in a buffer containing 1 mM mercaptoethanol, 
0 . 5 r a M  MgCI~, 1 m M  E D T A  and  1 0 r a M  Tr i s -HC1 
p H  8.0. Af te r  s t i r r ing  for 1 h t h e  solut ion was cen t r i fuged  
a t  64,000g in a B e c k m a n n  L2 65 u l t racen t r i fuge  for 8 h. 
The  pel le t  was once more  ex t r ac t ed  wi th  t he  above  
solut ion of sal ine-urea.  The  p ro te ins  still  r ema in ing  on 
t h e  D N A  were  called res idual  pro te ins .  The clear super-  
n a t a n t  was  d ia lyzed aga ins t  20 1 of 5 M  urea, 1 m M  
mercap toe thano l ,  0.5 m M  MgCI~, 1 m M  E D T A ,  5 m M  
Tr i s -HC1 p H  8.0 for ca. 8 h. The d ia lyzed so lu t ion  was  
run  over  a Q A E - S e p h a d e x  A25 column,  was  washed  
unt i l  no fu r the r  t r ich loroace t ic  acid (TCA) prec ip i tab le  
mate r ia l  could be recovered,  and  t h e  acidic p ro te ins  were 
e lu ted  by  2 M  NaC1, 5 M  urea, I m M  m e r c a p t o e t h a n o l .  
0.5 m M  MgC12, 1 m M  E D T A ,  5 m M  Tr i s -HC1 p H  8.0, 
The  non -adso rbed  basic p ro te ins  0aistones) were  preci-  
p i t a t e d  by  10 volumes  of cold acetone.  The mate r i a l  
e lu ted w i t h  2 M NaC1 was des igna ted  as acidic prote ins .  
Dur ing  all p r epa ra t ions  the  t e m p e r a t u r e  was kep t  below 
+ 5°C. 

Iden t i f i ca t ion  of (3~p) phospho-se r ine  and  (32p) phos-  
p h o - t h r e o n i n e  in hyd ro ly sa t e s  of c h r o m o s o m a l  p ro t e ins  
p h o s p h o r y l a t e d  b y  (7-~2P) A T P  was pe r fo rmed  accord ing  
to  SCHAFFIgR et  al. 7. 

M e a s u r e m e n t  of incorpora ted  r ad ioac t iv i ty :  2 m e t h o d s  
were used to  d e t e r m i n e  t h e  up t ake  of label in to  nuc lear  
p ro te ins  as descr ibed  prev ious ly  ~. Pro te in  was  d e t e r m i n e d  
according  to  LOWRY et  al. ~. 

The t i m e  course of the  u p t a k e  of t he  7- te rmina l  phos-  
p h a t e  of A T P  in to  c h r o m o s o m a l  p ro te ins  is shown  in 
F igure  1, t o g e t h e r  w i t h  t he  dependence  on Mg ++ (Fig- 
ure l a )  and  Mn++ (Figure l b). The  phospho ry l a t i on  of 
t h e  nuclear  p r o t e i n s  is s ign i f icant ly  s t imu la t ed  by  the  
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p resence  of e i ther  Mg ++ or Mn++ ions. W i t h  My++ con- 
cen t ra t ions  above  10-2~I,  t he  incorpora t ion  rises in the  
first  m i n u t e s  of i ncuba t ion  and  t h e n  decreases,  due  to 
t he  rap id  dep le t ion  of subs t r a t e  on t h e  one h a n d  b y  the  
A T Pa s e  p re sen t  in the  c h r o m a t i n 3  and  to  t he  enzyma t i c  
d e p h o s p h o r y l a t i o n  on the  o the r  hand .  T h e r ma l  d e n a t u r a -  
t ion  of c h r o m a t i n  (10 rain a t  100°C) ef fec t ive ly  reduces  
t he  incorpora t ion  of p h o s p h a t e  in c h r o m o s o m a l  prote ins ,  
as well as the  release of prev ious ly  i nco rpo ra t ed  label. 

~Ct. 
[cprn) 

3000 

ZOO0 

1000' 

//o..,.....,~ M~] C [ z Acl. (cpm) 

'':I0"I# 3000 

ZOO0 

- ~ lO-ZM 

Lo-~.M. 
i 7 GOnlfOI 
15 30min 

Time 

I000 

B 
MnCL 2 

~ 10-~M 
o 10-~M 
Conlrol 

15 30min 
Time 

Fig. 1. Phosphorylation of chromatin in dependence of Mg ++ and 
Mn ++. 0.2ml of ehromatin (400[zg protein) in 0.01M Tris-HC1 
pH 8.0 were mixed at 0°C with 0.1 ml (7-3zP) ATP (0.5 [zCi) and 
0.1 ml MgC12 resp. MnCI= in 0.01M Tris-HC1 pH 8.0 to give the. 
concentration indicated in the figures. The mixture was incubated 
in  a water bath at 37°C and 0.1 ml aliquots were taken at 0, 15 and 
30 min to measure the radioactivity (see methods). 
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Fig. 2. Phosphorylation of chromatin in dependence of pH. 0.4 ml 
of chromatin (600 [zg protein) in 0.01M Tris-HC1 pH 8.0 were mixed 
at 0 °C with 0.1 ml (7,-32P) ATP (0.5 ptCi) in 5 × 10-2M MgC12, 0.01 M 
Tris-HC1 pH 8.0 and 0.1 ml of a 0.1M :Iris buffer with a pH so 
as to give the wanted pH to the final solution. The mixture was 
incubated in a water bath at 37 °C and 0.1 ml aliquots were taken 
at 0, 15 and 30 min to mcasure the radioactivity (see methods). 
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As e v i d e n t  f rom Figure  2, t he  p h o s p h o r y l a t i o n  is 
g rea t ly  favored by  ra is ing t h e  p H  of t h e  i ncuba t ion  
mix tu re ,  Since c h r o m a t i n  forms s t rong  gels above  p H  9-10, 
h igher  p H  values  were  no t  tes ted .  P h o s p h a t e  and  py ro -  
p h o s p h a t e  enhance  the  incorpora t ion  (Table I) while,  in 
t he  presence  of CuSO,,  t h e  p h o s p h o r y l a t i o n  is s t r ong l y  
inh ib i ted .  Monova len t  ca t ions  show no influence.  The  
effect  of the  presence  of non- label led  nucteoside t r iphos -  
pha t e s  and  of cyclic 3 ' , Y - A M P  is shown  in Table  I. 
1 0 - a M  A T P  di lutes  t he  labelled A T P  and  the re fore  leads 
to  a decreased  incorpora t ion  of t h e  label led p h o s p h a t e .  
CTP, U T P  and  cyclic A M P  in the  same concen t r a t i ons  
h a v e  also an i n h i b i t o r y  inf luence on t h e  phosphory la t ion ,  
whereas  G T P  shows no effect .  Cyclic A M P  a t  h igh  con- 
cen t r a t i ons  inhibi ts ,  whereas  a t  lower concen t r a t i ons  
(10-aM) has  no s ignif icant  inf luence on the  phosphory la -  
t ion  of ch roma t in .  

a~P-pyrophosphate  is no t  incorpora ted  to  a measu rab l e  
ex ten t ,  z~P-or thophospha te - i s  adso rbed  to  c h r o m o s o m a l  
prote ins .  In  h y d r o l y s a t e s  of c h r o m o s o m a l  p ro te ins  incu- 
b a t e d  wi th  ~P-or thophospha te ,  t he  label  was  recovered  
as orthophosphate ,  whereas  in t he  case of p h o s p h o r y l a t i o n  
by  (y-a~P) A T P  it  was  recovered  pa r t l y  as phosphose r ine  
and  p h o s p h o t h r e o n i n e  (Figure 3). 

The d i s t r ibu t ion  of label b e t w e e n  t h e  d i f fe ren t  chro-  
mo s o ma l  p ro te ins  is shown in Table  II .  Sepa ra t ion  was  
accompl i shed  by  f i rs t  d issocia t ing the  bulk  of the  p ro t e ins  
w i t h  2 ;Y/NaC1 and  5 M urea as descr ibed in m e t h o d s  and  
t h e n  separa t ing  the  p ro te ins  in h i s tones  and  acidic p ro-  
te ins  b y  Q A E - S e p h a d e x  c h r o m a t o g r a p h y .  A b o u t  3 - 5 %  
of the  p ro te ins  r e m a i n  t i g h t l y  b o u n d  to  t he  D N A  a n d  
c a n n o t  be re leased b y  usual  procedures .  (For f u r t h e r  
cha rac t e r i za t ion  of t he  res idual  nuc leo-pro te in  see ~). 
B o t h  h is tones  and  acidic p ro te ins  are p h o s p h o r y l a t e d .  
However ,  t he  p h o s p h o r y l a t i o n  of t he  acidic pro te ins  is 
m u c h  h igher  t h a n  t h a t  of t he  h is tones .  BENJAMIN and  
GOODMAN I° have  recen t ly  descr ibed  a p h o s p h o r y l a t i o n  
of  ra t  l iver  nuclei  and  c h r o m a t i n  b y  ATP.  T h e y  also 
showed t h a t  nonh i s tone  p ro te ins  of g ian t  sa l ivary  g land 
ch romosomes  of Sciara coprophila l a rvae  are ac t ive ly  
p h o s p h o r y l a t e d  f i rs t  in puffed regions, la ter  all over  t h e  
chromosomes .  The p h o s p h o r y l a t i o n  of c h r o m o s o m a l  pro-  
te ins  has  been  re la ted  to  increased gene a c t i v i t y  b y  
several  au thors .  I t  is sti l l  p r e m a t u r e  to  ascr ibe a precise  
func t ion  to  t h e  ch romosoma l  p ro te ins  or to  the i r  chemica l  
modif ica t ions .  In  a n y  case, since p h o s p h o r y l a t i n g  e n z y mes  
a well as m e t h y l a t i n g  n-~a and  ace ty la t ing  ~* enzymes  
are p resen t  in t he  ch roma t in ,  a d i rec t  s t imu la t ion  of 

Table I. Effects of phosphate, pyrophosphate, Cu ++ and nucleotides 

Agent Incorporation 
(cpm) 

Control 2083 
10 -3 M phosphate 2427 
10 -* M phosphate 2846 
10 -a M pyrophosphate 2125 
10 -'z M pyrophosphate 2282 
10 -8 M Cu ++ 982 

Control 1840 
10-aM ATP 617 
10-aM GTP 1854 
10-aM UTP 1517 
10-aM CTP 1386 

Control (cyel. AMP) 1871 
10-aM 1126 
IO-~M 1830 
10 -v M 2033 
10-9M 2000 
10 l lM 1995 

0.3 ml of chromatin (500 b~g protein) in 0.01 M Tris-HCt pH 8.0 were 
added to 0.1 nfl of 5 × 10-~M MgCt2, 0.01M Tris-HC1 pH 8.0 con- 
taining 0.5 [zCi (y-s~P) ATP and 0.1 ml of the substance to be tested 
in 0.1M Tris-HCl pH 8.0 at 0°C. After 10 rain of incubation for 
thc phosphatcs and Cu ++, 12 rain for the nuclcotidcs and 8 rain 
for cycl. 3',5'-AMP in a water bath at 37°C, 0,1 ml aliquots of the 
chromosomal suspension were taken for measurement of phospho- 
rylation (see methods). The standard deviations were usually 5--10%. 

Table If. Distribution of label in different chromosomal protein 
fractions 

Preparation Protein-bound activity 
(cpmfmg protein) 

Dialyzed supernatant 
of the 65,000g centrifugation 2640 
Residual proteins 5043 
Histories 470 
Acidic proteins 11400 

40 nd of chromatin from 10 rat livers (65 mg protein) in 10-~M 
MgC12, 0.01 M Tris-HC1 pH 8.0 containing 100 ~Ci (~)_32p) ATP were 
incubated for 10 rain at 37°C. The reaction was stopped by adding 
40 ml of a cold suspension of 4Pal NaCI, 10M urea, 0.01M Tris- 
HC1 pH 8.0. Proteins were separated as described in methods. 

9 C. E. SEKF.RIS, in preparation. 
I0 W. ]3. BENJAMIN and R. M. GOODI~IAN, Science 766, 629 (1969). 
11 D. G. CO~IB, N. SARKAR and C. J. PINZlNO, J. biol. Chem. 241, 

1837 (1966). 
z2 B. D. PATTERSON and D. D. DAWES, Biochem. biophys. Res. 

Commun. 3d, 791 (1969). 
~3 C. E, SEK~RL% K. E. SEXERr and D. GALLWITZ, Z. physiol. Chem. 

3,I8, 1660 (1967). 
z,t C. E. SEKF-Rm and D. GALLWITZ, unpublished results. 

0.5 Phospho-threonine 
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Fig. 3. Identification of (a2p) phospho-serine 
and (sip) phosphothreonine in hydrolysates 
of chromosomal proteins phosphorylated by 
(y-3~P)A'fP (see methods). - - - ,  marker- 
substances added before chromatography. 
--., hydrolysate of proteins phosphorylated 
by (y-aeP)ATP. x-Y-x, hydrolysate of proteins 
incubated with (3"~P) ortho-phosphate. 
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t he se  e n z y m e  s y s t e m s  b y  d i f f e ren t  a g e n t s  a c t i n g  o n  
c h r o m o s o m a l  func t i ons  could  be  v i sua l i zed  l'~. 

ZusammenJassung. I so l ie r tes  R a t t e n l e b e r c h r o m a t i n  
b a u t  die ends tXndige  P h o s p h a t - G r u p p e  v o n  (7 -~P)  A T P  
in seine P r o t e i n e  in F o r m  v o n  P h o s p h a t e s t e r  yon  Ser in  
u n d  T h r e o n i n  ein.  Der  E i n b a u  i s t  Mg ++ u n d  Mn ++ 
abh / ing ig  u n d  s t e ig t  In i t  E r h G h u n g  des p H  des  I n k u b a -  
t i o n s m e d i u m s  an.  P h o s p h a t  u n d  l ~ - r o p h o s p h a t  s t i m u -  
l ie ren  die P h o s p h o r y l i e r u n g ,  zykl i sches  A M P  h a t  k e i n e n  
Ef fek t .  Die s a u r e n  P r o t e i n e  w e r d e n  vie l  s tXrker  als  die 
H i s t o n e  phospho ry l i e r t .  Das  e i n g e b a u t e  P h o s p h a t  wi rd  

sehr  schnel l  f re igese tz t ,  e in  Prozess ,  de r  y o n  d e r  Anwesen-  
he f t  yon  d e p h o s p h o r y l i e r e n d e n  E n z y m e n  abh / ing t .  

E, SCmLTZ a n d  C. E .  SEK~RIS 

Physiologisch-Chemisches Inslitut 
der Philipps-Universittit, 19-355 Marburg, Lahn 
(Germany), 8 July  1970. 
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Effect of Methotrexate on DNA Synthes is  and Thymidine  Kinase Activity of Huma n  Lymphocytes  
St imulated with  Phytohaemagglut in in  

T h e  folic ac id  ana logue  M e t h o t r e x a t e  1 (4-amino-10-  
m e t h y l  p t e r o y l  g l u t a m i c  acid) is k n o w n  to  i n h i b i t  D N A  
syn thes i s  m a i n l y  b y  b l o c k i n g  t h e  conve r s ion  of deoxy-  
u r i d y l a t e  to  d e o x y t h y m i d y l a t e  ~-5. Also assoc ia ted  w i t h  
t h e  ac t ion  of M T X  are  a n u m b e r  of c h a n g e s  in  t h e  a c t i v -  
i t ies of t h e  e n z y m e s  of t h e  D N A  s y n t h e t i c  p a t h w a y .  
Howeve r ,  w i t h  t h e  excep t ion  of t h e  d i h y d r o f o l a t e  re- 
d u c t a s e  a c t i v i t y  w h i c h  is genera l ly  dec reased  a s h o r t  
t i m e  a f t e r  M T X  4-7, t h e  ac t iv i t i e s  of o t h e r  e n z y m e s  
e x h i b i t  a wide  r a n g e  of v a r i a b i l i t y  d e p e n d i n g  on  t i le  
e x p e r i m e n t a l  s y s t e m  employed .  I n  c u l t u r e s  of C h a n g  
h u m a n  l iver  cells EKER 8 ha s  found  a n  increase  of t h y -  
m i d i n e  k inase  a c t i v i t y  fol lowing t h e  a d d i t i o n  of M T X .  
On  t h e  c o n t r a r y  LABOW, MALEY a n d  MALEY 9 s h o w e d  
t h a t  in  r e g e n e r a t i n g  l ive r  M T X  c o m p l e t e l y  i n h i b i t s  t he  
s t i m u l a t i o n  of d e o x y c y t i d y l a t e  deaminase ,  t h y m i d i n e  
k inase  a n d  t h y m i d y l a t e  k inase  b u t  increases  t h e  a c t i v i t y  
of t h y m i d y l a t e  s y n t h e t a s e .  

I n  P H A  s t i m u l a t e d  h u m a n  l y m p h o c y t e s  M T X  has  b e e n  
used  as  a s y n c h r o n i z i n g  agen t .  I t  h a s  been  s h o w n  to  
r eve r s ib ly  b lock  cells in S phase  1°, b u t  t h e  b i ochem ica l  
e v e n t s  r e l a t ed  to  t h i s  b lock  are  s t i l l  unclear .  

I n  t h e  p r e s e n t  work  we s tud ied  t h e  ef fec t  of M T X  on  
t h e  i n c o r p o r a t i o n  of 3 H - t h y m i d i n e  i n t o  D N A  of s t i m u -  
l a t ed  h u m a n  Iymphocy t e s .  M T X  i n d u c e d  a n  increase  of  
i n c o r p o r a t i o n  of exogenous  t h y m i d i n e  i n to  DNA.  F o r  
t h i s  r ea son  in o rde r  to  a s say  t h e  rea l  D N A  s y n t h e t i c  
a c t i v i t y ,  3~p i n c o r p o r a t i o n  i n to  D N A  was  eva lua t ed .  W e  
also s t u d i e d  t h e  e f fec t  of  M T X  o n  t h y m i d i n e  k inase  
a c t i v i t y  to  ru le  o u t  t h e  poss ib i l i ty  t h a t  a n  increase  of  
t h e  t h y m i d i n e  p h o s p h o r y l a t i o n  could  be  r e l a t ed  to  t h e  
inc reased  t h y m i d i n e  i n c o r p o r a t i o n  i n to  DNA.  

Methods and material. H u m a n  b lood  was  d r a w n  f r o m  
h e a l t h y  v o l u n t e e r s  of b o t h  sexes, m i x e d  w i t h  h e p a r i n  
(20 un i t s ]ml )  a n d  4 vo l um es  of  b lood,  1 v o l u m e  of  

P l a s m a  gel (ROGER BELLO/< -- F r ance )  a n d  a l lowed to  
s e d i m e n t  a t  37 °C for 1-2  h. T h e  s u p e r n a t a n t  was  passed  
t h r o u g h  a n y l o n  wool c o l u m n  (Fi l t ra lon)  where  9 0 - 9 8 %  
of t h e  p a g o c y t i c  cells were  r e t a i n e d  n T h e  l y m p h o c y t e s  
were  co l lec ted  b y  cen t r i fuga t ion ,  r e s u s p e n d e d  (1.5 × 106 
ce l l s /m 3) in  TC 199 c o n t a i n i n g  20% of a u t o c h t h o n o u s  
p l a s m a  a n d  d i s t r i b u t e d  in 7 m l  a l i quo t s  i n to  glass screw- 
cap  f lasks  of 25 ml  t o t a l  c apac i t y .  P H A  (BURROUGHS, 
W~ELLCOME) was  a d d e d  to  a c o n c e n t r a t i o n  of  10 ~ l /ml  of 
c u l t u r e  a n d  M e t h o t r e x a t e  (Lederle) ,  un less  o the rwi se  
s t a t ed ,  to  a c o n c e n t r a t i o n  of 5 ~g /ml  of cu l tu re .  M T X ,  
w h e n  added ,  was  p r e s e n t  f rom t h e  i n i t i a t i o n  of t h e  cul- 
tures .  All  t h e  c u l t u r e s  were  h a r v e s t e d  48 h a f t e r  t he  
a d d i t i o n  of P H A .  

I n  o rde r  to  s t u d y  D N A  a n d  R N A  s y n t h e s i s  8 H - T d R  
(5 C i / m M ,  R a d i o c h e m i c a l  Cen t r e  - A m e r s h a m )  1 ~c /ml  
a n d  3~p as HaPO 4 (Sor in  - Saluggia)  5 ~c]ml  were a d d e d  
1 h a n d  3 h r e spec t ive ly  before  h a r v e s t i n g  t he  cu l tu res .  

1 The following abbreviations are used: MTX, methotrexate; PHA, 
phytohaemagglutinin; TdR, thymidine; dTTP, thymidine tri- 
phosphate. 
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3 M. E. BALIS and J. Dmccxs, Cancer Res. 15, 603 (1955). 
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Table I. Effects of MTX o11 the percent of cells in S phase, on the incorporation of 3H-TdR and a~p into DNA and on the incorporation 
of a2p into RNA 

Treatment Labelled cells 3H/p~g of DNA 8*P/[zg of DNA sePltzg of RNA 
(%) (count/min) (count/rain) (count/rain) 

Controls (PHA only) 

Methotrexate (MTX and PHA) 

30 1563/z 438- (8) b 119,8 4- 16 (6) 1851 -4- 285 (3) 

37 5009~ 1107 (6) 59.3-1- 7.5 (6) 1785 4- 74 (3) 


