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Preliminary Notes 

Metabolic interrelationships between soluble and 
microsomal R N A  ~n rat- l iver cytoplasm 

In the, present commmficat ion we wish to report the results of some exper iments  
i~,~ vitro, suggesting a metabolic t ransfer  of rad ioac t iv i ty  from soluble polynucleot ides 
of the cell sap to microsomal r ibonucleoprotein particles and  vice versa, under  con-" 
ditions which are known to favour  amino acid incorporat ion into these particles. Bo th  
processes require ATP. 

7"ran.s/at o[ radiottotiviO' [ror~ s - R N A  to m-RNA. VChen pH-5 enzymes (¢[. HOAG- 
L,~.X'I) et al. t) obtained from rat  liver labelled ht  r ive with radioact ive inorganic phos- 
pl ,ate were incubated with a x5,ooo "< g liver superna tan t  for different periods of 
t ime in the presence of ATP and PGA, the r ibonucleoprotein particles isolated from 
the microsomes by means of deoxychola te  (vide h i l t s )  become labelled. This labelling 
is completed in abc, : t  5 rain. Omission of ATP and  PGA from the reaction mix tu re  
results in a decreased transfer,  whereas the specific ac t iv i ty  of microsomal RNA drops 
even fur ther  in the presence of o.ox M ~rsenate, showing a definite requiremez,t for 
ATP. 

These prel iminary exper iments  do not  estabtlsh the potynucleot ide na tu re  of the 
precursor in this reaction process. Essent ia l ly  identical results were obtained,  however, 
with s-RNA, isolated from pH- 5 enzymes by  means of zone electrophoresis on starch.  
As was shown in ~t previous communicationS, pH- 5 enzymes conta in  s -RNA as a free 
potyntmleotide which migrates  in the electric field as a narrow, and dis t inct  zone, 
leaving behind protein, ATP and AMP. 

Inorganic phosphate  travels at  about  the same rate as s-RNA. Following electro- 
phoresis (4.5 V/cm, I6 h, phosphate  buffer, p H  7-4, I, o.o25) radioact ive  s-RNA was 
eluted from the starch segments and dialysed against  re t distilled water  for about  
z6 h in order to remove free inorganic phosphate.  The dialysed RNA was incuba ted  
i ,  vary ing  amounts  with 15,ooo y: g liver superna tan t  in the presence of ATP and  
PGA (see legend of Fig. x). Microsomes isolated from the  incubat ion mixture  by  
centr i fugat ion at  xoS,OOO . g for 30 rain were solubilized in o. 5 % Na-deoxychola te  
according to LITTLEFIELD ¢1 al. 3 aod centr i fuged for ano ther  9 ° min at  ros ,ooo :< g. 
The sedimented particles were ex t rac ted  with  a re  % NaC1 solution at  roe  ° and RNA 
was precipi ta ted by 3 vol. cold ethanol.  RNA was pla ted  and  counted  in a gas flow 
counter ,  the amoun t  being determined by reading absorbance a t  26o m~  following 
hydrolysis  in 5 % HCIO~. * 

Fig. ~ shows tha t  RNA isolated from the mierosomal particles becomes labelled 
almost in a linear fashion with increasing concentra t ions  of labelled s-RNA. Very  
recently H~I_TL'," a.~I? Vo.~ DF.R DECKg.~ 4 reported a similar metabolic  t ransfer  of 
soluble polynucleotides,  which they  obtained in a different way  (phenol extract ion) .  

Al*brevia t ions  : AMP.  GMI.', CMI' ,  ~nd IJMP, adeny l i c ,  guanyl iu ,  ey t i dy lm,  and  u r idy l i c  acid  ; 
ATP.  adenos ine  t r i l )hospha te :  I 'GA,  3 -phosphog lyce r i c  ac id ;  s - R N A ,  so luble  R N A ;  m- l i tNA,  
mic rosoraa l  R N A ;  Tris,  t r i s f h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  
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7¥a, ts[er o/ radioactivity /eom m-R-VA to the soluble [rqatio~. Liver  microsomes 
were isolated from ra t s  t r e a t ed  previous ly  with radioac t ive  inorganic phosphate ,  and  
resuspended  in the  homogenisa t ion  med ium described b,¢ LITTLEFIELD AND KELLER 5, 
The  suspension was centr i fuged for 2 rain a t  about  5oo : g and the  supc rna tan t  was 
incuba ted  with soluble enzymes  .~upplemented with ATP and PGA for different  
periods of t ime (see legend Fig. z), The  soluble enzymes  wer_e.obtained by  dialysing 
a Io5 ,ooo ;.~ g liver s u p e r n a t a n t  for 2o h against  ro I o .oI  AI Tris  buffer,  p H  7.4. 
Following incubat ion microsomes were removed  by  zcntr i fugat ion at  lO5,OOO" g 
for 2 h, I mg carr ier  RNA (from yeast)  was added to 5 ml of the  supe rna tan t  and 
R N A  was isolated in tl~e convent iona l  wayL 
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F i ~  I.  T r a n s f e r  o f  l a b e l  f r o m  [ a e P ~ s ~ R N A  to  
m - R N A .  [ n c a h a t i o n  m i x t u r e :  6 m l  o f  I5~ooo ~< g 
l i v e r  s u p e r n a t a n t  ( n o n - r a d i o a c t i v e ) .  t o  p m o l e s  
A T P ,  80 t l t n o l e s  P ( ] A  a n d  [ a 2 l ~ s - l ; t N . \  in t h e  
a m o u n t s  a s  i n d i c a t e d .  T o t a l  \ ' e L ,  ~ m l .  I n c u -  
b a t i o n  i n  a i r  f o r  ~o m i a  a t  o ~ ¢~r 37  ~. E a c h  p o i n t  
r e p r e s e n t s  t h e  r e s u l t  o f  o n e  i ~ c u b a t i o n  e x p e r i ~  
a n e n t ,  t h e  c i r c l e s  ( ' - : )  i n d i c a t i n g  t h e  a v e r a g e  o f  

t w o  d u p l i c a t e s .  
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F i g .  z. T r a n s f e r  o f  s o l u b l e  p o l y n u c l e o t i d e s  f ron t  
a . , p_ l abe l l ed  t m c r o s o m e s  t o  t h e  m e d i u a n .  ] n c u -  
h a t i o n  m i x t u r e :  w " P - l a b e l l e d  m i c r o s o a n e s  ( c o n -  
t~ t in ing  7-" m g  pr~*tem,  2. 7 m g  R N ' A ) ,  d i a l y s e d  
I o 5 , o o o  g h v e r  s u p e r n a t a n t  ( c o n t a i n i n g  14o m g  
p r o t e i n ,  o . 3 5  m g  R N A ) .  5 i t m o l e s  A T ] '  a n d  4 ° 
t t a n o l e s  t ' G , \ ~  T o t a l  vol.~ 5 m L  I n c u b a t i o n  in  a i r  
a t  37 ~. Q In  t h e  p r e s e n c e  o f  5 l , m o t e s  A .TP  a n d  
4 ° i , m o l e s  I~GA. J \  I n  t h e  p r e s e n c e  o f  r o o  f t a n o l e s  

K - a r s e n a t e  a n d  a b s e n c e  o i  A T P  a n d  P G A .  

When the  microsomes were incuba ted  in the presence of ATP and  PGA the 
specific ac t i v i t y  of s -RNA in the  medium increased about  3-fold in 5 rain, then re- 
main ing  cons tan t  (Fig. z). The  rad ioac t ive  s -RNA was non-dia lysable  and yielded 
rad ioac t ive  AMP,  GMP,  UM P and  CMP on alkaline hydrolysis  and isolation of the 
nucleot ides  on Dowex  I ( formate) .  The  release of soluble polynucleot ides  from the 
microsomes was cons iderably  tess when the incubat ion  mix tu re  was supp lemented  
w i t h  K-ar sena te  ins tead  of PGA and ATP.  Similar curves were ob ta ined  when the 
med ium con ta ined  o .o i  31 fluoride in addi t ion  to  o . o 2  M arsenate .  

Summarizing it m a y  be said t h a t  a metabol ic  re la t ionship seems to exist  be tween 
soluble and mierosomal  RNA in rat- l iver  cy top lasm,  which reveals  itself b y  energy-  
dependen t  t ransfers  of poly-  or ol igonueleotides in bo th  directions. 

Thanks  are due to  Dr. P. E.~t.~tELoT for valuable  discussions and to  Miss M. 
re!.: VI¢IF-s and 3Iis~; G. v.xx 1)t-~R XVF.NI)E for skilled technical  assistance. 
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Enzymic cleayage of phosphoramidic acid 

The chemical hydrolysis of phosphoramidate has been thoroughly investigated by 
RATHIA..'V AND ROSENBERG*. Their results indicate that  at pH values above 4 the ,'ate 
of hydrolysis is proportional to the concentration of the anion. Phosphoramidate has 
been suggested as a metabolic intermediate both by R A T H L E V  AND ROSEN'BERG 1 and 
b y  S P E C K  •, bllt no evidence for itz participation in metabolic sequences has been 
presented. In view of its chemical reactlvity s and the recent evidence for metabolic 
activity of adenylic-5'-phosphoramidate ~, a reinvestigation of possible enzymic re- 
actions of phosphoramidate was undertaken.  

Sonic extracts  prepared from Esohevidda ¢oli (Crookes strain), grown on a 
mineral-salts medium with succinate as the sole carbon SOllrce, catalyzed a rapid 
evolution of NH3 from phosphoramidatc. Boiled extracts were without catalytic 
activity. Treatment  of the E. colt' extracts  with protamine sulfate followed by fraction- 
ation with (NH,)~SO, and rigorons dialysis of the fraction~ revealed at least two 
separate enzyme systems capable of catalyzing the release of NH a from phosphor- 
amidate. Fraction I, which was precipitated by (NH4)2SO4 below o. 5 saturation, was 
shown to require a divalent metal (Mg ++ or Mn ++) and a sulfhydryl compound 
{eysteine or glutathione) to achieve a maximum rate  of NH a release {Table I). The 
opt immn pH for activi ty of Fraction i was 7.4. Paper chromatography of a reaction 
r:fixture containing Fraction I, phosphoramidate, cysteine and Mg ++ with n-propanol-  
NH~OH-H20 (6:3:I)  as a developing solvent revealed inorganic phosphate and 
phosphoramidate as the only phosphate-containing compounds present. It  is assumed 
from these results that  the reaction catalyzed by Fraction I is the cleavage of phos- 
phoramidate to phosphate and NH a. Even with the mildest conditions phosphate 
an4 phgsphoramidate ca.uuot be differentiated colorimetrically since mo!ybdate 
catalyzes a very rapid hydrolysis of the latter x. 

Another E. oeli fraction, Fraction III,  precipitated between o.58 and 0, 9 satu- 
ration with (NH0,SOa, was also shown to catalyze a rapid evolution of NH 3 from 
phosphoramidate, while the intermediate fraction (o.5 to 0,58 saturation) was low 
in catalytic activity. The rate of NH~ release catalyzed by  Fraction 11! was maximal 
at pH 5. i and was not stimulated by the addition of either divalent metals or reducing 


