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Table I. Distribution of radioactivity 2 h after i.v. injection of sodium acetate-14C with varying amounts of EDTA 

EXPERIENTIA 26/6 

Na2Ca-EDTA Percentage of injected l~C-dose 
([xmol) Plasma Liver Kidneys Muscles b 

(1 ml) 
Skeleton ~ Labile skeletal 

fraction a 

0 0.22 -t- 0.01 3.63 4. 0.97 0.70 :L 0.07 9.65 -b 1.96 3.14 -b 0.32 1.12 -b 0.10 
1 0.21 :l= 0.03 4.57 -t- 2.17 0.82 • 0.06 9.87 ! 0.59 2.99 i 0.18 1.02 =E 0.07 

100 0.22 -4- 0.02 3.09 ~ 1.09 0.71 ~ 0.11 8.66 • 1.99 3.19 ~ 0.12 1.02 :~ 0.11 
400 0.19 -4- 0.02 2.28 ~ 0.59 0.69 -I- 0.15 7.62 4- 1.02 2.60 4- 0.37 0.91 -4- 0.19 

Arithmetic means and 95%-fiducial limits. 5 rats per group, b Total muscle mass was assumed to equal 40% of body wt. c t4 C in one femur 
times 20. a Radioactivity released as 14COz after treatment of femur with hydrochloric acid 2. 

excep t ion  of the  kidneys,  the re  is no s ta t is t ica l ly  signifi- 
can t  influence of the  lowest  dose of E D T A  on the  accumu-  
la t ion of 14C. W i t h  higher  doses of EDTA,  however ,  the  
r e t en t ion  of 14C in the  liver, k idneys  and  muscles decreases 
and  regression lines m a y  be calcula ted when  p lo t t ing  the  
expe r imen ta l  values  agains t  log E D T A  dose. The esti-  
m a t e d  slopes of regression lines (Table II) in l iver and  
muscles are v i r tua l ly  identical ,  while the  14C con t en t  of 
the  k idneys  decreases  more  slowly. The l inear t e rms  of t he  
regressions are significant.  However ,  th is  correla t ion does 
no t  exist  for the  skeletal  r e t en t ion  of 14C, a l though  this  is 
s ignif icant ly  lower when  400 vmol ins tead  of 100 amol  
E D T A  are added.  Approx ima te ly  one- th i rd  of the  skeletal  
1~C can be released by  t r e a t m e n t  wi th  hydrochlor ic  acid 
(Table I), i r respect ive  of the  a m o u n t  of E D T A  injected.  

Our d a t a  are in favour  of the  above -men t ioned  hypo-  
thesis,  i.e. t h e y  d e m o n s t r a t e  a def ini te  influence of E D T A  
on the  d i s t r ibu t ion  p a t t e r n  of rad ioac t iv i ty  af ter  the  in- 
ject ion of 14C-labelled acetate .  This migh t  suggest  the  
effect  of E D T A  on the  metabol ic  t u rnove r  of ace ta te  in 
soft  t issues r a the r  t h a n  the  dose -dependen t  depos i t ion  of 
E D T A  itself. The accumula t ion  of 14C in the  skele ton is 

m u c h  less affected,  and the  loss of r ad ioac t iv i ty  in the  
bone af ter  acid t r e a t m e n t  indica t ing  incorpora t ion  of 14C 
into t he  labile ca rbona te  pool  in bone 5 is i ndependen t  of 
EDTA.  Since our knowledge of o ther  t h a n  morphological  
effects of the  chela t ing  agents  is ex t remely  poor, fu r ther  
s tudies  are required to  show w h e t h e r  our  observa t ion  on 
the  effect  of E D T A  migh t  be useful in evalua t ing  the  
physiological  and /or  toxic  ac t ion  of the  chelates e. 

Zusammen/assung. Die 14C-Ablagerung nach i.v. In jek-  
t ion von R a t t e n  mi t  14C-markiertem N a t r i u m a c e t a t  
n i m m t  in Leber ,  Nieren und  Muskeln m i t  s te igender  Zu- 
gabe (1-400 ~mol) von gleichzeit ig in j iz ier tem Na2ECa- 
ADTA] ab. H ie rmi t  wird  ein bisher  noch nicht  beschrie-  
bener  Ef fek t  v o m  Chela tb i ldner  nachgewiesen.  

V. VOLF 

Institut /i~r Strahlenbiologie, 
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D-75 Karlsruhe 7 (Germany), 9 January 1970. 

Table 11. Accumulation of 1~C in relation to log dose of stable EDTA 

Regression coefficient 4- S.E. Significance (P) 

Liver --0.844 • 0.262 0.01 
Kidneys --0.053 ! 0.006 0.025 
Muscles --0.795 4- 0.247 0.01 
Skeleton --0.088 -t= 0.071 0.30 
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Effect of Erythropoietin on the Activity of RNA Polymerase 

The f irs t  molecular  ac t ion of e ry th ropo ie t in  k n o w n  
unt i l  t o d a y  is the  early s t imula t ion  of the  metabol ic  
ac t iv i ty  of a nuclear  R N A  of d i f ferent  characterist ics1,2.  
These f indings have  suggested the  idea t h a t  the  p r i m a r y  
site of ac t ion of the  ho rmone  m a y  be a t  some level in the  
t r ansc r ip t ion  stage 3. To explore this  poss ibi l i ty  i t  seemed 
reasonable  to  s t u d y  the  ac t iv i ty  of R N A  polymerase  under  
the  inf luence of the  hormone.  Unde r  these  condi t ions  the  
s t imula t ion  of the  enzyme could be in te rp re ted  as t he  
resul t  of a d i rect  cont ro l  of the  hormone  on the  R N A  
metabol i sm.  This pape r  describes expe r imen t s  t h a t  show 
the  modif ica t ions  p roduced  in the  ac t iv i ty  of R N A  
polymerase  in isolated nuclei  f rom ra t  bone -mar row 
t rea ted  wi th  ery thropoie t in .  

Material and methods. Male ra t s  of the  s t ra in A • C, 
weighing 150-170 g, were used.  The cell nuclei  were  ob- 
t a ined  f rom bone-mar row cells of normal  and e ry thro-  
poie t in  t r ea t ed  rats.  The la t t e r  were collected from ra ts  
t h a t  received an i.v. in ject ion of 5 uni ts  of e ry thropoie t in .  
Bone -mar row cells were ex t r ac t ed  f rom the  femur  and  
t ib ia  and t h e n  homogenized  in 10 vol. of cold 0 .25M 
sucrose t h a t  con ta ined  10-3M MgCI~. The homogena te  

1 M. GROSS and E. GOLDWASSER, Biochemistry 8, 1795 (1969). 
2 W. RUDOLPH and M. PERRETTA, Proc. Soc. exp. Biol. Med. 124, 
1041 (1967). 

3 M. PERRETTA and CARMEN TIRAPEGUI, Experientia 2"J, 680 (1968). 
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was  s e d i m e n t e d  a t  750 g for 10 m i n  a t  0 o. T h e  pel le t  was  
r e s u s p e n d e d  in 2 . 2 M  sucrose  w i t h  1 0 - 3 M  MgC12 a n d  t h e n  
cen t r i fuged  a t  43,500 g for 90 m i n  a t  0 ~ T h e  cell nucle i  
pel let  was  pur i f ied  accord ing  to  t he  m e t h o d  descr ibed  b y  
CHAUVEAU et  al. 4. The  nucle i  p r e p a r a t i o n s  were checked  
u n d e r  a p h a s e  mic roscopy  a n d  t h e y  were found  free of 
c y t o p l a s m i c  c o n t a m i n a n t s .  

T h e  inco rpora t ion  of (8-~4C)-ATP in to  t he  R N A  was  
t a k e n  as  a m e a s u r e m e n t  of p o l y m e r a s e  ac t iv i ty .  Unless  
i nd i ca t ed  o therwise  each  t e s t - t u b e  c o n t a i n e d  0.4 ~xmoles 
each  of ATP ,  GTP,  C T P  and  U T P ;  0.1 lxC of (8-~4C)-ATP; 
0.2 m l  of the  nucle i  su spens ion  in a f inal  v o l u m e  of 0.4 m l  
a t  p H  6.5. Th e  t e s t - t u b e s  were m a i n t a i n e d  a t  37~ for 
va r i ab le  per iods  of t ime .  The  reac t ion  was  s topped  by  the  
a d d i t i o n  of s a t u r a t e d  s o d i u m  p y r o p h o s p h a t e ,  0.5 m l  of 
s e r u m  a l b u m i n  an d  l m l  of 2.1 N perchlor ic  acid. The  pre-  
c ip i t a t e  was  s ep a ra t ed  b y  c e n t r i f u g a t i o n  and  t h e n  t he  
R N A  was  isola ted b y  a m e t h o d  a l r eady  descr ibed  5. The  
p r e p a r a t i o n  of a soluble f o rm  of the  D N A - d e p e n d e n t  R N A  
p o l y m e r a s e  f ro m  ra t  b o n e - m a r r o w  nucle i  was  done  by  t he  
m e t h o d  descr ibed  by  CUNNINGHAM and  STEINER s. 

T h e  a m o u n t  of R N A  isola ted in the  fo rm  of nuc leo t ides  
was  e s t i m a t e d  b y  the  orcinol r eac t ion  or b y  m e a s u r i n g  t he  
U V - a b s o r p t i o n  w i t h  a 450 P e r k i n - E l m e r  spec t ropho to -  
mete r .  Th e  r a d i o a c t i v i t y  was  c o u n t e d  in a Nuc lea r  
Chicago gas-f low counter .  D N A  was  m e a s u r e d  by  the  
reac t ion  of d i p h e n y l a m i n e  7 a n d  pro te in  accord ing  to the  
m e t h o d  of LOWRY s. Resu l t s  are expressed  as specif ic 
a c t i v i t y  in c o u n t / m i n / m g  of D N A  or of prote ins .  

Resu l t s .  Th e  F igure  shows  t he  in v i t ro  a c t i v i t y  of the  
R N A  p o l y m e r a s e  of i sola ted b o n e - m a r r o w  ceil nucle i  of 
con t ro l  an d  e ry th ropo i e t i n  t r e a t ed  ra ts .  T h e  i n c u b a t i o n  
t i m e  course  of the  nuc lea r  p r e p a r a t i o n s  shows  t h a t  t he  
a c t i v i t y  of t h e  R N A  p o l y m e r a s e  ob t a ined  f rom the  r a t s  
t r e a t ed  w i th  the  h o r m o n e  is nea r ly  3 t i m e s  h ighe r  t h a n  
f rom th e  control .  Af te r  20 m i n  of incuba t ion ,  the  ac t i v i t y  
of b o t h  nuc lea r  f rac t ions  decreases  and  th i s  is p r o b a b l y  due  
to t h e  poor  cond i t ions  of the  i n c u b a t i o n  m e d i u m .  

So m e  of the  cha rac t e r i s t i c s  of the  R N A  p o l y m e r a s e  
a c t i v i t y  are i l lu s t r a t ed  in t he  Table .  Not ice  t h a t  the  en- 
z y m e  a c t i v i t y  is e n h a n c e d  by  t he  presence  of Mn 2 foil  
m e r c a p t o e t h a n o l  and  a m m o n i u m  s u l p h a t e  while the  in- 
co rpora t ion  of the  labelled A T P  is d i m i n i s h e d  w h e n  
a c t i n o m y c i n  D or DNase  are added  to the  i n c u b a t i o n  mix -  
tures .  Th e  r e q u i r e m e n t  for the  4 r ibonuc leos ide  t r iphos-  
p h a t e  s eem s  n o t  to  be  essen t i a l  for t h i s  k ind  of nuc lea r  
p repa ra t ions .  Th e  a c t i v i t y  of t he  e n z y m e  wi th  t he  addi-  
t ion  of A T P  only  is p r o b a b l y  due  to t h e  ex is tence  of a 
large R N A  precursor  pool in t he  m a r r o w  cell nuclei .  The  
p roper t i e s  descr ibed for the  b o n e - m a r r o w  R N A  poly-  
me ra se  are in genera l  in a g r e e m e n t  wi th  those  r epor t ed  to 
o the r  R N A  p o l y m e r a s e  p r e p a r a t i o n s  o b t a i n e d  f rom severa l  
m a m m a l i a n  t i s sues  6, ~, 10. 

To t e s t  w h e t h e r  t he  ac t ion  of t he  e r y t h r o p o i e t i n  on 
R N A  p o l y m e r a s e  a c t i v i t y  is a d i rec t  effect,  a p r e p a r a t i o n  
of t h e  e n z y m e  in a soluble f o rm  was  carr ied  out% Exper i -  
m e n t s  h a v e  d e m o n s t r a t e d  t h a t  the  a c t i v i t y  of th i s  R N A  
p o l y m e r a s e  is s l igh t ly  increased  by  t he  h o r m o n e  in vivo,  
while  i t  h a s  no t  been  possible  to de tec t  a n y  effect  of t he  
e r y t h r o p o i e t i n  on t he  e n z y m e  a c t i v i t y  in vi t ro.  In  o the r  
words ,  t h e  h o r m o n e  does no t  p roduce  a d i rec t  a u g m e n t a -  
t i on  of the  e n z y m e  ac t iv i ty .  

T h e  p resence  in the  i n c u b a t i o n  med ia  of all of the  4 r ibo- 
nuc leos ides  t r i p h o s p h a t e  is requi red  for t h e  soluble pre-  
pa ra t i on .  Thus ,  t h e  omiss ion  of 3 of t h e m  p roduces  th ree-  
fold decrease  in the  specific a c t i v i t y  of t he  enzyme .  How-  
ever,  no decrease in t he  specific a c t i v i t y  of the  e n z y m e  is 
obse rv ed  w h e n  the  s a m e  e x p e r i m e n t s  are  r epea t ed  w i th  
the  nuc lea r  f rac t ion  con t a in ing  t he  e n z y m e  as it  is show n  
in t h e  Table.  

D i s c u s s i o n .  The  p roper t i e s  of t he  R N A  p o l y m e r a s e  pre-  
p a r a t i o n s  are in  a g r e e m e n t  w i th  t he  c u r r e n t  t h o u g h t  t h a t  
def ines  t he  cond i t i ons  for R N A  p o l y m e r a s e  ac t iv i ty .  
However ,  to a na lyz e  more  cr i t ica l ly  t h e  p roper t i es  of t he  
b o n e - m a r r o w  R N A  po lymerase ,  it  wou ld  be n e c e s s a r y  to  
isola te  t he  e n z y m e  in a more  pur i f ied  form.  Th i s  is b e y o n d  
t he  i n t e n t i o n  of t h i s  c o m m u n i c a t i o n .  

The  d i f fe ren t  r e sponse  of t h e  e n z y m e  in in v ivo  a n d  in 
v i t ro  cond i t i ons  u n d e r  t he  in f luence  of t h e  h o r m o n e  s e e m s  
to ind ica te  t h a t  t he  e r y t h r o p o i e t i n  does  no t  a p p e a r  
d i r ec t ly  to e n h a n c e  t he  e n z y m e  a c t i v i t y  s u g g e s t i n g  t h e  
idea  t h a t  t he  h o r m o n e  m i g h t  ac t  in a mo lecu la r  r eac t ion  
t h a t  h e a d s  t he  ac t ion  of R N A  po lyme ra se .  I t  is poss ib le  

Some properties of the RNA polymerase action on isolated bone- 
marrow nuclei 

Experimental conditions Specific activity 
(eounts/min/mg DNA) 

Complete systenl (CS) 
CS minus GTP, CTP, UTP 
CS plus 0.6 51131 MnCI 2 
CS plus 5 InM inercaptoethanol 
CS plus 0.05 M ammonium sulphate 
CS plus 0.05M ammonium sulphate and 
5 mM mercaptoethanol 
CS plus 100 [xg of aetinomyein D a 
CS plus 100 lxg of DNase a 

430 ~ 22 
366 • 13 
560 -L 70 
585 4- 10 
520 =k 35 

778 ~- 88 
206 • 10 
199 ~ 14 

a Preincubated for 30 rain. The experimental conditions are indicated 
in the text. The results are of a typical experiment from a series of 3. 
The Figures give specific activity (mean of 3 samples 4- S.E.). 

cpm/m DNA 
30O 

-~ 200 

IOO 

. /  -[P ---~ 

10 XO 30 rain 

The effect of erythropoietin on the RNA polymerase activity. The 
nuclear fractions were obtained from the bone marrow of normal 
rats (broken line) and from normal rats i.v. injected with 5 U of 
erythropoietin (EP) for 4 h (solid line). Points represent average 
values from 8 determinations. Bars indicate the standard error of the 
mean value. The experimental conditions are indicated in the text. 
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t h a t  e r y t h r o p o i e t i n  b inds  to  t he  c h r o m a t i n ,  p r o b a b l y  b y  a 
p r o t e i n - p r o t e i n  b o u n d  a n d  t h e n  renders  a po r t i on  of the  
D N A  ava i l ab le  as a t e m p l a t e  for  t he  syn thes i s  of RNA.  
I n  v ivo  s t i m u l a t i o n  of t he  R N A  po lymerase  m a y  also be  
exp la ined  in th i s  m a n n e r .  PIIqTO 11 descr ibed  t he  f o r m a t i o n  
of a complex  b e t w e e n  e r y t h r o p o i e t i n  a n d  D N A  f rom 
t i ssues  l ike bone -mar row,  l iver,  spleen a n d  t h y m u s .  The  
b i n d i n g  occurs  in  a p a r t i c u l a r  region of t h e  D N A  a n d  pro- 
b a b l y  invo lves  a p o t e i n - p r o t e i n  i n t e r ac t i on  in wh ich  t he  
h o r m o n e  could  p l ay  t he  role of a n  a l los ter ic  l igand  in re- 
spec t  to  t h e  o the r  p ro te in .  

I n  a r ecen t  p a p e r  GROSS a n d  GOLDWASSER 1 h a v e  re- 
p o r t e d  t h a t  sho r t l y  a f t e r  e r y t h r o p o i e t i n  is m a d e  ava i l ab le  
to  m a r r o w  cells in  v i t ro ,  a v e r y  large R N A  (150 S) is syn-  
thes ized.  Th i s  IZNA c a n n o t  be  de t ec t ed  in con t ro l  
samples  w i t h o u t  ho rmone .  T he  150S R N A  has  a sho r t  
half- l i fe  of a p p r o x i m a t e l y  6 min ,  All  t he  d a t a  p re sen ted  
sugges t  t h e  fol lowing s e q u e n t i a l  mo lecu la r  even t s  induced  
b y  t h e  e ry th ropo ie t in .  

The  f i rs t  molecu la r  ac t ion  of the  h o r m o n e  would be  
r e l a t ed  to  a specific b i n d i n g  to  a p r o t e i n  recep tor  a t  t he  
c h r o m a t i n  level. As a r e su l t  of th i s  act ion,  a specific 
region of t h e  D N A  is suscep t ib le  to  be  used as a t emp la t e .  
The  second molecu la r  e v e n t  is r e la ted  to t he  ac t ion  of t he  
R N A  po lymerase  a n d  t he  syn thes i s  of a 150 S RNA.  The  
fol lowing s tep  m a y  be  r e l a t ed  w i t h  t he  d e g r a d a t i o n  process  
of t he  150 S R N A  a n d  t he  p r e p a r a t i o n  of t he  b iochemica l  
un i t s  for t h e  p ro t e in  synthes is .  

The  sequen t i a l  nuc lea r  r eac t ions  discussed above  are 
cons i s t en t  w i t h  t he  idea t h a t  t h e  i n f o r m a t i o n  for t he  syn-  
thes i s  of h a e m o g l o b i n  m u s t  be  p r e p a r e d  du r ing  t he  ear ly  
s tages  of t h e  e ry th ropo ie t i c  process  t*, la. T h e  ev idence  pre-  
sen ted  f i rmly  s u p p o r t e d  t h e  hypo thes i s  t h a t  t he  e ry th ro -  

po ie t in  ac ts  a t  molecu la r  level  in  t he  t r a n s c r i p t i o n  stage. 
F u r t h e r  s tud ies  of th i s  idea  are in  progress  a n d  will  be  
r e p o r t e d  l a t e r  on  14 

Resumen. La  e r i t r opoye t i na  e s t imu la  in  v ivo  la  act iv i -  
dad  de la R N A  po l imerasa  de m6du la  6sea de r a t a .  In  
v i t ro ,  la h o r m o n a  no  parece  a u m e n t a r  la a c t i v i d a d  de la 
enz ima.  Las  ca rac te r i s t i cas  de la  acci6n enzimAtica  
d e m u e s t r a n  que  la a c t i v i d a d  m e d i d a  cor responde  a la de 
la R N A  po l imerasa  desc r i t a  en  o t ros  tej idos.  Se sugiere  
que  el si t io p r i m a r i o  de acci6n de la h o r m o n a  estA en la 
e t a p a  de t r a n s c r i p c i 6 n  y se d i scu ten  los even tos  molecu-  
lares  que  p roduce  la e r i t r o p o y e t i n a  a este nivel .  
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R o l e  o f  P h o s p h a t e  a n d  A c i d  P h o s p h a t a s e  D u r i n g  

A s t r ik ing  fea tu re  of seed g e r m i n a t i o n  can  be  cons idered  
to  be  t he  mob i l i za t ion  of s to rage  energe t ic  m a t e r i a l  accu-  
m u l a t e d  in reserve  tissues,  a n d  t he  fol lowing t r ans loca t i on  
a n d  u t i l i za t ion  of t h e  s ame  for  t h e  d e v e l o p m e n t  of e m b r y o  
axis. P h o s p h a t e  p lays  a n  e x t r e m e l y  i m p o r t a n t  role in a 
v a r i e t y  of r eac t ions  in  g e r m i n a t i n g  seed, where  i t  appea r s  
p r i m a r i l y  in  a l inked  organic  fo rm a n d  v e r y  l i t t le  seems to 
be  p r e s e n t  as free inorgan ic  o r t h o p h o s p h a t e  2, so t h a t  i t  
r ep resen t s  a l imi t ing  fac to r  in  m a n y  reac t ions .  

Corre la ted  w i t h  th i s  fact ,  t h e  increase  in a c t i v i t y  of 
t yp i ca l  hydro l i t i c  enzymes  as p h o s p h a t a s e s  appea r s  pa r t i -  
cu la r ly  s igni f icant  and  t h e  c h a n g e  in free and  t o t a l  phos-  
p h a t e  level  observes  in  t h e  same  per iod.  Researches  on 
th i s  biological  m e c h a n i s m  h a v e  been  m a d e  ex tens ive ly  
d u r i n g  t h e  life cycle of algae 3, fungi  4 a n d  in g e r m i n a t i n g  
seed of some ang iospe rms  5,e. R e c e n t l y  a n  ex tens ive  p l an  
of r e sea rch  on  t h e  m e t a b o l i s m  of G y m n o s p e r m s  led us to  
i nves t i ga t e  t he  a l t e r n a n c e  of m e t a b o l i c  p a t h w a y s  d u r i n g  
seed g e r m i n a t i o n  of d i f fe ren t  species of conifers 7-I~ b u t  
our  d a t a  are  l ack ing  in t h e  role of p h o s p h a t e  in  th i s  
s y s t e m a t i c  group.  

I n  th i s  p a p e r  we h a v e  fol lowed t h e  t i m e  sequences  of 
t h e  changes  in free a n d  t o t a l  p h o s p h a t e  c o m p a r e d  w i t h  
t he  levels of acid p h o s p h a t a s e  in seedl ing a n d  in t h e  endo-  
sperm,  roo t  a n d  shoo t  of g e r m i n a t i n g  seed of Pinus pinea. 

Experimental. Seeds of Pinus pinea were cu l t i va t ed  on  
m o i s t e n e d  s and  a t  20 ~ for a 9 h pho toper iod .  P r e p a r a t i o n  
of e x t r a c t s  a n d  d e t e r m i n a t i o n  of acid phos pha t a s e ,  free 

G e r m i n a t i o n  o f  Pinus pinea S e e d  1 

a n d  t o t a l  p h o s p h a t e  a n d  p ro t e in  c o n t e n t  was  pe r fo rmed  
as p rev ious ly  i n d i c a t e d  e. 

Results and discussion. Resul t s  are r epo r t ed  in F igures  
1 (a, b,  c, d) a n d  2, where  t he  va lues  of acid p h o s p h a t a s e ,  
free a n d  t o t a l  p h o s p h a t e  are r epo r t ed  d u r i n g  t h e  f i rs t  20 
days  of g e r m i n a t i o n  in d i f fe ren t  p a r t s  of g e r m i n a t i n g  seed. 
I n  genera l  t o t a l  p h o s p h a t e  r ema ins  c o n s t a n t  in  t h e  experi-  
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