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CC1,COOH were added.  Af ter  cen t r i fuga t ion ,  to  0.5 ml 
of t he  s u p e r n a t a l l t  0.5 ml  of 0.3 M t r i s o d i u m  c i t r a t e  was 
added.  This  m i x t u r e  was h e a t e d  w i t h  2 ml  of n i n h y d r i n  
r eagen t  accord ing  to the  modi f ied  m e t h o d  of MOORE a n d  
STEIX 18 in which,  on mola r  basis,  a m m o n i a ,  a spa r t i c  
acid and  a spa rag ine  give p rac t i ca l ly  t he  same color 
in tens i ty .  

Results. A s t rong  i n h i b i t i o n  of r a t  l iver  a sparag inase  b y  
c a r b o b e n z o x y  de r iva t i ve s  of amino  acid w i t h  more  t h a n  
one a r o m a t i c  group was descr ibed p r e v i o u s l y h  As can  be  
seen f rom the  Table,  t h i s  e n z y m e  is also m a r k e d l y  inh ib i t -  
ed b y  phe l ly l ace ty l  de r iva t ives  of amino  acids w i t h  more  
t h a n  one a r o m a t i c  group.  W e  found,  however ,  t h a t  t he  
fol lowing c a r b o b e n z o x y  (CBZ), 3 -pheny lp rop iony l  (PP) 
and  p h e n y l a c e t y l  (PA) de r iva t ives  of amino  acids did  no t  
inh ib i t ,  a t  a mola r  ra t io  of 10:1 of d e r i v a t i v e  to  subs t ra te ,  
t he  E. coli aspa rag inase  (as t e s t ed  b y  t he  above  me thods )  : 
CBZ-L-phenyla lan i l le ;  N-CBZ-S-benzyl -L-eys te ine ;  di- 
CBZ-L-lysine;  N-CBZ-O-benzyl -L- tyros ine ;  CBZ-L-gluta-  
mic  ac id -y-benzy l  es ter ;  PP - L - pheny l a l an i ne  ; N - P P - S -  
benzyl-L-cyste ine  ; d i -PP-L- lys ine  ; PA-L-pheny la l an ine  ; 
PA-I~-phenyla lan ine ;  N-PA-S-benzy l -L-cys te ine ;  d i -PA-  
L-lysine; N-PA-O-bel lzyl -L- tyros ine ;  d i -PA-L-cys t ine ;  
PA-L-phenylg lyc ine ;  PA-L-asparag ine ;  PA-L-glu tamine .  

la S. MOORE a n d  W. H.  STEIN, J. biol. Chem.  192, 663 (1951). 

Since t he  e x p e r i m e n t s  w i t h  m a m m a l i a n  and  E. coli 
asparagi l lase  were car r ied  ou t  in  d i f fe ren t  buffers ,  some of 
the  e x p e r i m e n t s  w i t h  t he  l a t t e r  e n z y m e  were r epea t ed  
us ing  p h o s p h a t e  buf fe r  i n s t ead  of tris, w i t h  t he  same 
results .  W e  also tes ted ,  a t  t he  same m o l a r  ra t io ,  t he  
effect of mos t  of t he  above  de r iva t i ve s  on a spa rag inase  
f rom Erwinia carotovora, W i t h  th i s  enzyme,  too, no  
i n h i b i t i o n  w a s  observed .  

I t  follows f rom these  f ind ings  t h a t  w h e n e v e r  one of t he  
above ,  or s imilar ,  amino  acid de r iva t i ve s  i nh ib i t s  a n  
a spa rag inase - sens i t ive  t u m o r ,  a t e s t  for t h e  c o m b i n e d  
ac t ion  of th i s  c o m p o u n d s  a n d  E. coli (or Erwinia) aspara -  
ginase appea r s  des i rable .  

Zusammen/ass~ng. WXhrend  Acy lde r i va t e  yon  Amino-  
s/~uren m i t  m e h r  als e iner  a r o m a t i s c h e n  G r u p p e  (wie z.B. 
N-Pheny lace ty l -S -benzy l -L-cys te in )  auf  R a t t e n l e b e r a s p a -  
rag inase  e ine s t a r k  h e m m e n d e  W i r k u n g  aust iben,  werden  
Aspa rag inase  aus  Escherichia coli u n d  Erwi~r cartovora 
d u r c h  solche Ve rb indu l lgen  n i ch t  gehemmt .  
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In vitro Binding of aH-Acrolein to Regenerating 

Our  p rev ious  s tudies  on D N A  syn thes i s  in v i t ro  1 sug- 
ges ted  t h a t  t he  i n h i b i t o r y  ac t ion  of acrolein  on regene-  
r a t i n g  r a t  l iver  D N A  po lymerase  was located  in t he  sulf- 
h y d r y I  groups  essent ia l  for t h e  e n z y m e  ac t iv i ty .  The  
p r e sen t  i nves t i ga t i on  was des igned in order  to  t e s t  t h i s  
hypothes i s .  For  th i s  purpose  (3H) acro le in  ha s  been  
used. The  b ind ing  of the  label led a ldehyde  to r egene ra t ing  
r a t  l ive r  D N A  po lymerase  a n d  to  Eseherichia coli D N A  
po lymerase  I was  s tudied .  As p rev ious ly  po i n t ed  out 1, the 
e n z y m a t i c  a c t i v i t y  of the  f i rs t  is associa ted w i t h  func-  
t i ona l  th io l  group(s),  whereas  t h e  single cys te ine  res idue 
of t he  second is no t  inc luded  in t he  ac t ive  cen t re  of t he  
molecule.  The  c o m p e t i t i o n  be t w een  (~11) acrolein  a n d  
2 - m e r c a p t o e t h a n o l  for the  enzymes  as well  as t he  ac t ion  
of i odoace t amide  were inves t iga ted .  The  f ixa t ion  of (all) 
acrole in  to  t he  t empla tes ,  D N A  or s y n t h e t i c  polymers ,  
was also measured .  

Table I. Labelling of DNA polymerase templates by (all) acrolein 

(all) acrolein concentration (M) 6 • 10 -6 6 • 10 -5 6 X 10 -~ 

Native DNA 0 0 65 
Denatured DNA 0 0 35 
Poly [d(A-T). (T-A)] 0 0 23 
Poly (dC) 0 0 12 

The various templates were incubated with increasing concentrations 
of (all) aerolein (10 mCi/mM) for 60 mln at 38 ~ The reaction mix- 
tures (0.5 ml) contained native or denatured DNA (100 bM), poly 
[d(A T) �9 d(T-A)] or poly dC (23 g.M). The results are expressed in 
pmoles of (all) acrolein incorporated per mI of reaction mixture in 
l h .  

Rat Liver DNA Polymerase  

Material ~nd methods. We used f resh ly  p r e p a r e d  (3H) 
acroleil l  (CEA, S a d a y ,  France)  and  un labe l l ed  acrolein  
(Prolabo) dis t i l led j u s t  before  use, 2 -mercap toe tha l lo l  
( E a s t m a n  K o d a k  Co., Roches ter ,  N.Y.,  USA) ,  iodo- 
a c e t a m i d e  (Sigma Chemical  Co.). The  t e m p l a t e s  were 
n a t i v e  or h e a t  d e n a t u r e d  c a l f - t h y m u s  D N A  (Choay, 
France) ,  double  s t r a n d e d  a l t e r n a t i n g  copo lymer  po ly  
[d(A-T)-d(T-A)] a n d  single s t r a n d e d  h o m o p o l y m e r  po ly  
(dC) (Biopolymers Inc.) .  DNA dependent DNA poly- 
merase  of r egene ra t i ng  r a t  l iver  was  p r epa red  accord ing  to 
the  m e t h o d  p u b l i s h e d  elsewhere% F r a c t i o n  I V  o b t a i n e d  
a f te r  h y d r o x y l a p a t i t e  c h r o m a t o g r a p h y  was used. The  
specific a c t i v i t y  of th i s  f r ac t ion  ill t h e  presence of po ly  
[d(A-T) - d(T-A)] was equa l  to  100 U / m h  E. eoli D N A  
po lymerase  I (F rac t ion  VII )  (Biopolymers  Inc.)  was  
d i lu ted  to  o b t a i n  a specific a c t i v i t y  of 300 U / m l  in  t he  
presence  of po ly  [d(A-T) �9 d(T-A)].  

Two types  of assays  were p e r f o r m e d :  1. (all) acrole in  
was i n c u b a t e d  1 h a t  38~ w i t h  t emp la t e s ,  enzymes ,  
r eagen t s  or alolle as a control .  2. R e g e n e r a t i n g  r a t  l iver  
D N A  po lymerase  or E. coli e n z y m e  was p r e i n c u b a t e d  30 
min  a t  38 ~ w i t h  t e m p l a t e s  or o the r  p r o d u c t s  before  (all) 
acrole in  was added  and  i n c u b a t e d  30 w i n  a t  38~ The  
i ncuba t i ons  were pe r fo rmed  as p rev ious ly  descr ibed  1. The  
results ,  o b t a i n e d  b y  d e t e r m i n i n g  t he  dif ference b e t w e e n  
assays  and  controls ,  were expressed  in pmoles  of (all) 
acrole in  i nco rpo ra t ed  per  ml  or r eac t ion  mix ture .  

Results. Binding ~o DNA or synthetic templates. The  d a t a  
ill Tab le  I show t h a t  on ly  w i t h  6 • 10-~ M (3tt) acrolein  
call an  i nco rpo ra t i on  be  m e a s u r e d  in n a t i v e  or d e n a t u r e d  
DNA,  po ly  [d(A-T) �9 d(T-A)] or po ly  (dC). Calcula t ions  

I N. IV][UNSCFI, A. IVf. DE RECONDO a n d  C. FRAYSSlNET, F E B S  Let t .  
30, 286 (1973). 

'2 A. M. DE RECONDO, J .  A. LEPESANT, O. FICHOT, L. GRASSET, 
J. M. Rossm~oL and iV[. CAZlLLIS, J. bioh Chem. 2d8, 131 (1973). 
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Table II. Binding of regenerating rat liver DNA polymerase or 
E. coti DNA peIymerase I to (all) acrolein of constant or decreasing 
specific activity 

Incubation (60 min at 38 ~ of Binding of (all) acrolein 

A) Rat liver DNA polymerase with 
Experimeht I 
(3H) acrolein (4.65) " 6 • 10 -~ M 24 
(all) aerolein (4.65) 6 • 10 -5 M 252 
(ZH) acrolein (4.65) 6 • 10 -~ M 2468 

Experiment I I 
(~H) acrolein (465) 6 • 10 -6 M 40 
(all) acrolein (46.5) 6 • 10 -5 M 214 
(3H) acrolein (4.65) 6 • 10 -4 M 2002 

B) E. coil DNA polymerase I with 
(3H) acrolein (465) 6 • 10 -6 M 0.5 
(SH) acrolein (46.5) 6 • 10 -~ M 11 
(~H) acrolein (4.65) 6 • 10 -~ M 151 

All reaction mixtures (0.5 mI) contained 100 lxl of enzyme correspond- 
ing either to 10 units of regenerating rat liver DNA polymerase or to 
30 units of E. coli DNA polymerase I. The results are expressed in 
pmoles of (3H) acrolein incorporated per mi of reaction mixture in 1 h. 

(~H) acrolMn specific activities expressed in mCi/mM. 

based on these  da t a  show t h a t  na t ive  bihelical D N A  or 
poly  [d(A-T) �9 d(T-A)] b inds  1 molecule of (3H) acrolein 
per  10 a nucleot ide  units,  whereas  dena tu red  D N A  or 
poly  (dC) b inds  2 molecules of (all) acrolein per  l0 s 
nucleot ide  units.  

In  vivo expe r imen t s  a revealed t h a t  the  b inding  of 
regenera t ing  ra t  l iver  D N A  to (all) acrolein was co n s t an t  
t h r o u g h o u t  t he  expe r imen t  (24 h) and cor responded  to 1 
molecule of (all) acrolein per  4 x  104 nucleotides.  This 
resul t  is in good ag reemen t  wi th  those  ob ta ined  ill v i t ro  
consider ing the fact  t h a t  the  concen t ra t ion  of (all) acro- 
loin measured  in ra t  l ive rwas  10 t imes  lower t h a n  in vitro.  

Binding  to regenerating rat liver D N A  polymerase. 1. 
W h e n  D N A  polymerase  was incuba ted  wi th  increasing 
am oun t s  of (all) acrolein, the  incorpora t ion  increased 
l inearly (Table II). The f ixa t ion  of the  a ldehyde  to the  
regenera t ing  ra t  l iver  D N A  polymerase  explains  the  
progressive inhib i t ion  of in v i t ro  DNA synthes i s  observed 
in a previous  work  1. 

I t  mus t  be po in ted  out  t h a t  in the  f i rs t  expe r imen t  the  
specific ac t iv i t ies  of the  di f ferent  (SH) acrolein ba tches  
r emained  cons t an t  (4.65 mCi /mM).  In  the  second experi-  
ment ,  t h e y  var ied f rom 4.65 to 465 mCi /mM.  In the  la t te r  
case the  r ad ioac t iv i ty  of each assay was cons tant ,  whereas  
the  quan t i t i e s  of acrolein var ied f rom 6 •  -4 M to 
6 • 10 .6 M. Since the  labell ing of the  enzyme samples  
increased ident ical ly  in the  2 exper iments ,  we can assume 
t h a t  there  was no ~H exchange bu t  a real f ixa t ion  of (3H) 
acrolein. 

2. The p re incuba t ion  of enzyme wi th  iodoace tamide  
par t ia l ly  inhib i ted  the  incorpora t ion  of (3H) acrolein by  
blocking SH groups of t he  enzyme (Table I I I ) .  

3. Because of the  antagonis t ic  ac t ion of 2 mercap to-  
e thanol  and acrolein, it  has  been previously  emphas ized  
t h a t  acrolein inhib i ted  D N A  po lymerase  by  oxidizing the  
thiol  groups of the  enzyme 1. The results  of Table I I I ,  
conf i rm this  hypo thes i s  as the  f ixa t ion  of (3H) acrolein was 
a lmost  nil af ter  p re incuba t ion  of enzyme wi th  2-mercapto-  
ethanol .  Tile da t a  ob ta ined  when  the  p re incuba t ion  of 
enzynle  wi th  (all) acrolein was followed by  add i t ion  of 2- 
mercap toe thano t  d e m o n s t r a t e  the  i r revers ibi l i ty  of the  
f ixat ion of acrolein to the  enzyme and thus  i ts  inhibi t ion.  

Binding  to E. coli D N A  polymerase I .  1. W h e n  E. coli 
D N A  polymerase  I was incuba ted  wi th  increasing con- 
cen t ra t ions  of (all) acrolein, the  f ixa t ion  of (~H) acrolein 
increased (Table II) and was uni formly  10 to 20 t imes  
lower t h a n  the  f ixa t ion  of the  a ldehyde  to  the  regenera t ing  
ra t  l iver D N A  polymerase .  

2. The f ixat ion of (3H) acrolein was poor ly  affected by  
the  p re incuba t ion  of E. coli D N A  polymerase  I wi th  
iodoace tamide  (Table I I I ) .  

The lack of incorpora t ion  of (SH) acrolein af ter  prein-  
cuba t ion  of the  enzyme wi th  2 -mercap toe thano l  revealed 
a compe t i t ion  of acrolein and 2 -mercap toe thano l  for the  
SH group of E. coli DNA polymerase .  As for regenera t ing  
ra t  l iver DNA polymerase ,  the  f ixa t ion  of acrolein on the  
enzyme was irreversible.  

Discussion. The b inding  of (3H) acrolein to the  D N A  or 
syn the t i c  t empla t e s  was observed for t he  h ighes t  mola r i ty  
of (~H) acrolein tes ted  (6 • 10 -~ M). This  incorpora t ion  
corresponds  roughly  to  thane measured  in vivo in regene- 
r a t ing  ra t  l iver D N A  (1 mole 3H-acrolein per  4 •  a 
nucleot ide  units).  

I n  a previous  paper  ~ it was shown t h a t  acrolein had  an 
inh ib i to ry  effect  on regenera t ing  ra t  l iver D N A  poly-  
merase  dur ing  in v i t ro  D N A  synthesis .  Owing to  the  

Table III. Opposite action of 2-mercaptoethanol and iodoaeetamide to (~H) acrolein on regenerating rat liver DNA polymerase arid E. coli 
DNA polymerase I 

Incubations (60 rain at 38 ~ of enzyme Binding of (3H) Acrolein to 

Liver enzyme E. coli enzyme 

+(att) acrolein 1434 151 

Preincubation of enzyme Incubation (30 min at 38 ~ 

+ iodoacetamide (3H) acrolein 881 138 
+ 2-mercaptoethanoI (3H) acrolein 64 0 
+ (3H) acrolein 2-mercapto-ethanoi 1534 176 

All reaction mixtures (0.5 ml) contained 100 {xl of enzyme corresponding either to 5.units of regeneratiug rat liver DNA polymerase or to 
30 units of E. coli DNA polymerase I. (SH) aerolein was 6 • 10 -~ M. The results are expressed in pmoles of (3H) acrolein incorporated per ml 
of reaction mixture in 1 h. 
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respec t ive  chemical proper t i e s  of 2 - m e r c a p t o e t h a n o l  and  
acrolein,  we suggested  t h a t  acrole in  i n h i b i t e d  t he  D N A  
po lymerase  b y  oxid iz ing  t he  ac t ive  th io l  groups  of t he  
enzyme.  This  h y p o t h e s i s  was  cons i s t en t  w i t h  t he  fac t  t h a t  
E. coli D N A  po lymerase  I, devo id  of SH groups  in i ts  
ac t ive  centre ,  was  n o t  i n h i b i t e d  b u t  a c t i v a t e d  b y  acrolein.  
I n  a g r e e m e n t  w i t h  these  results ,  ou r  p re sen t  work  
d e m o n s t r a t e s  t h a t  (3H) acrolein  b inds  10 to  20 t i m e s  more  
to r egene ra t i ng  r a t  l iver  D N A  po lymerase  t h a n  to  E. coli 
enzyme.  The  an t agon i s t i c  ac t ion  of 2 - m e r c a p t o e t h a n o l  and  
(SH) acrole in  w i t h  respec t  to  t he  r egene r a t i ng  r a t  l iver  
D N A  po lymerase  and  E. coli enzyme  conf i rms  t h a t  t he  
u n s a t u r a t e d  a ldehyde  a t t a c h e s  to  t he  th io l  groups  of t he  
enzymes  and  t h a t  t he  f i xa t ion  is i r revers ible .  Besides,  for 
an  (3H) acrole in  m o l a r i t y  s imi la r  to  t h a t  measu red  in 
vivo in r egene ra t i ng  r a t  l iver  3, t he  b i n d i n g  of (all) acrole in  
to  t he  e n z y m e  is a t  leas t  100 t i m e s  h igher  t h a n  t h a t  meas-  
u red  i n  v ivo  for the  t o t a l  r egene ra t i ng  r a t  l iver  p ro te in .  
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This  resu l t  suggests  a g rea t  a f f in i ty  of acrole in  for t he  
r egene ry t ing  r a t  l iver  D N A  polymerase .  ALACRON ~ has  
d e m o n s t r a t e d  t h a t  ac ro le in  was p roduced  b y  e n z y m a t i -  
cal ly oxid ized  spe rmine  a n d  s p e r m i d i n e  a n d  also dur ing  
t he  o x y d a t i v e  d e g r a d a t i o n  of 2 a n t i t u m o r  agen ts  ~,s. He  
e m p h a s i z e d  t h a t  the  u n s a t u r a t e d  a ldehyde  m i g h t  be  an  
effect ive cell g r o w t h  inh ib i to r .  Recent ly ,  CONNORS et  al. v 
po in t ed  ou t  t h a t  p h o s p h o r a m i d e  m u s t a r d  a n d  acrolein,  
r e su l t ing  f rom the  in v i t ro  m e t a b o l i s m  of cyc lophosphami -  
de, h a d  t he  h ighes t  c y t o t o x i c i t y  for W a l k e r  t u m o r  ceils. 
The  i n h i b i t i o n  of D N A  and  R N A  syn thes i s  t h a t  we 
observed  in v ivo  a n d  in vi t ro ,  t he  a f f in i ty  of acrolein for 
r egene ra t i ng  r a t  l iver  D N A  po lymerase  a n d  also t h e  abil i-  
t y  of acrole in  to  b i n d  D N A  accoun t  for t he  cell g rowth  
i n h i b i t o r y  p roper t i e s  of acrole in  8. 

Rdsumd. La  f ixa t ion  de l 'acrol6ine  3H k I ' A D N  poly-  
m6rase de foie de r a t  en  r6g6n6ra t ion  et  ~ I ' A D N  poly-  
merase  I de E. coli a 6t6 6tudi6e. L 'ac ro l6 ine  aH inh ibe  
l ' ac t iv i t6  de I ' A D N  po lym6rase  de foie de r a t  en r6g4n6ra- 
t ion  en  se f i x a n t  i r r6ve r s ib l emen t  sur  les g r o u p e m e n t s  SH 
essentiels  ~ son ac t iv i t6 .  P a r  ailleurs,  la f i xa t ion  de 
l 'acrol6ine  3H aux  mod61es, A D N  ou polym6res  syn th6 t i -  
ques, est  de 1 mol6cule pou r  10 a nucl6ot ides  et  corres- 
pond  a u x  f ixa t ions  k I ' A D N  cte foie de r a t  mesur6es  in  
vivo.  
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Multiple DNA-Dependent RNA Polymerases of Neurospora 

Mult ip le  D N A - d e p e n d e n t  R N A  po lymerases  h a v e  been  
d e m o n s t r a t e d  a n d  cha rac t e r i zed  in fungi1-4 as well  as in  
o the r  euea ryo tes  5,6. I n  a r ecen t  r epo r t  v, R N A  po lymerase  
ac t iv i t ies  were cha rac te r i zed  f rom isola ted nucle i  of t he  
Neurospora crassa m u t a n t  ' s l ime ' .  I n  t h a t  s tudy ,  4 peaks  
of e n z y m e  a c t i v i t y  were obse rved  upon  e lu t ion  f rom 
DEAE-ce l lu lose .  All  of these  ac t iv i t i es  were insens i t ive  
to  r i fampic in ,  whi le  one was comple te ly  sens i t ive  to  e- 
a m a n i t i n  a n d  one was p a r t i a l l y  sensi t ive.  

I n  th i s  s tudy ,  D N A - d e p e n d e n t  R N A  po lymerases  
were isola ted f rom a crude  p r e p a r a t i o n  of nucle i  f rom 
wild t y p e  N.  crassa us ing  d i f fe ren t  techniques ,  and  
w h e n  c h r o m a t o g r a p h e d  on  D E A E - s e p h a d e x ,  on ly  2 
m a j o r  peaks  of R N A  po lymerase  a c t i v i t y  were resolved.  
These  ac t iv i t i es  are ident i f ied  as R N A  po lymerases  I and  
I I .  The  reason  for t he  dif ference be t w een  these  resu l t s  
and  those  ob t a ined  us ing  N.  crassa ' s l ime '  are unc lear  
a t  t h i s  t ime.  Neurospora crassa, s t r a in  853A, was g rown 
in Vogel 's  m e d i u m  N c o n t a i n i n g  2% (w/v) sucrose 
for 23 h a t  25~ w i t h  v igorous  aera t ion .  Conidia  for 
o b t a i n i n g  large a m o u n t s  of myce l i a  were p roduced  as 
descr ibed b y  DAvis  and  DESE`RRES s. E a c h  8 1 cu l tu re  was 
inocu la ted  w i t h  conidia  ob t a ined  f rom one 2.5 1 F e r n b a c h  
flask. Buf fe r  J-I: 0.05 M Tris-HCi, p H  7.3 a t  4~ 0.01 M 
MgC12, 1.0 m M  CaC12, 0.5 m M  d i t h i o t h r e i t o l  (DTT), 
0.1 m M  E D T A ,  0.5 M sucrose, 10% (v/v) glycerol.  
Buf fe r  A:  0.05 M Tris-t-IC1, p H  7.5 a t  4~ 0.01 M MgC12, 
0.50 M (NH4)2SO4, 0.5 m M  DTT,  1.0 m M  E D T A ,  
0.1 m M  p h e n y l m e t h y l s u l f o n y l f l u o r i d e  (PMSF),  10% 
(v/v) glycerol.  Buf fe r  B :  0.05 M Tris-HC1, p H  8.2 a t  
4~ 0.01 3// MgCI~, 0.01 M (NH4)aSO4, 0.5 m M  DTT,  
1.0 m M  E D T A ,  0.1 mWI PMSF,  20% (v/v) glycerol.  

The  r eac t ion  m i x t u r e  (0.25 ml) for t he  assay  for R N A  
po lymerase  consis ted  of 0.04 M Tris-HC1, p H  7.9 a t  
30~ 0.1 m M  E D T A ,  2.0 m M  MgC12, 0.5 m M  DTT,  
0.5 m g / m l  b o v i n e  se rum a lbumin ,  0.15 m M  ATP,  CTP, 
GTP,  0.015 m M  5-all  U T P ,  specific a c t i v i t y  300 Ci/mole,  
0.20 m g / m l  calf t h y m u s  DNA,  0.4 m M  p o t a s s i u m  
p h o s p h a t e ,  p H  7.5, and  30% (v/v) glycerol.  I n  addi t ion ,  
for assays  for R N A  poly lnerase  I :  0.03 M (NH4)2SOa, 
1.0 m M  MnC12, a n d  for R N A  po lymerase  I I :  0.08 M 
(NH4)~SO 4 a n d  2.0 m M  MnC12. 

Reac t i ons  were s t a r t e d  b y  t he  a d d i t i o n  of enzyme,  
i n c u b a t e d  30 ra in  a t  30 ~ a n d  s t opped  by  t he  add i t i on  of 
2 ml  of cold 5% (w/v) t r i ch lo roace t i c  acid (TCA). Af ter  
30 rain,  p rec ip i t a t e s  were col lected on  W h a t m a n  GF/C  fil- 
te rs  a n d  washed  10 • w i t h  5 rnl of cold 5% TCA. F i l te rs  
were dr ied a t  80 ~ and  coun t ed  in a to luene  based  l iquid  
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