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Partial purification of R N A  polymerase from rat liver nuclei 

For a number  of  studies, a highly purified mammal ian  DNA-dependent  RNA 
polymerase (nucleosidetr iphosphate:RNA nucleotidyltransferase,  EC 2.7.7.6) would 
be extremely desirable, but  none is available, al though several workers 1 6 have made 
crude, soluble preparat ions of this enzyme. We wish to report  an approx.  2ooo-fold 
purification of R N A  polymerase from rat  liver nuclei and to describe some of its 
properties. An abstract  of some of this work has been publishedL 

Proteins were assayed as described by  BENNETT 8. All steps of the enzylne 
purification procedure were carried out at o-5% At all stages of purification, the 
enzyme lost act ivi ty  very  slowly when stored at --  7 ¢ . 

Nuclei were prepared from rat  livers by  tile method  of BLOBEL AND Po'rTL'R u, 
scaled up when appropriate,  and with tile addition of o.oo15 M CaC12 to these investi- 
gators '  isolation media. 

The nuclei f rom 125 g of tissue were suspended in a total  volume of 25 ml, 
using Medium S (o.o 5 M Tris-HC1, pH 7.8; 3o% glycerol, by  w~l.; o.oi  M ~hio- 
glycerol). Tile suspension was t reated in a Branson Sonifier (power sett ing 6) in io-sec 
bursts, with 15-sec cooling periods between bursts. "File sonication was cont inued 
until  roughly 9o°/~ of the nuclei were disrupted (9 ° sec). Nuclear disruption was 
confirmed microscopically. The nuclear sonicate was centrifuged at 78 5oo x g for 
45 min, and the sediment discarded. 

St reptomycin  sulfate, I mg for every mg of protein in the superna tan t  solution, 
was dissolved in a volume of water equivalent  to one-twentieth tha t  of the concen- 
t ra ted  supernatant  solution and was added with stirring to the superna tan t  solution. 
The s treptonlycin-treated solution was centrifuged at 78 5oo x g for 3o rain, and the 
precipitate discarded. The superna tan t  solution was immediate ly  placed on a D E A E -  
cellulose colunm (in a typical  preparation,  789 mg of protein were placed on a 
4.4 cm × 4 ° cm column). The column had been previously well washed with Medium 
S containing o.I  M ammonium sulfate. After the protein was adsorbed, the colunm 
was washed with 1.2 bed vol. of Medium S containing o.15 M ammonium sulfate. 
Final ly the enzyme was eluted with Medium S containing o.2 5 M ammonium sulfate. 
The enzyme emerged with the front of the eluting medium. 

The enzyme solution eluted from the DEAE-cellulose column was concentra ted 
to at least 4 lng protein/ml (Diaflo pressure cell and membrane)  and placed on a 
cellulose-phosphate colunm previously washed with Medium S. In  a typical  prepa- 
ration, 20 mg of protein were placed on a 2.2 cm >~ 22 cm column. The column was 
eluted first with 1.5 bed vol. of Medium S containing 0. 4 M ammonium sulfate and 
then with Medium S containing o.6 M ammonium sulfate. The enzyme began to 
emerge after 1.1 bed vol. of this medium had  passed into the colunm. 

The purification procedure described (Table I) yields a mammal ian  DNA- 
dependent  RNA polymerase with a specific act ivi ty  2ooo-fold higher than tha t  of the 
soluble enzyme obtained from the sonicated nuclei. 

The requirements for act ivi ty  of the enzyme are shown in Table II .  For  activity,  
the enzyme needs all four ribonncleotides, DNA (native or denaturated),  and either 
Mn ~÷ or Mg 2+. There is a sharp optimal concentrat ion for Mn ~d at 3 mM, while 

Biochim. Biophys. A eta, ~ 7 t (ig(}q) 1{}2-194 



SHORT COMMUNICATIONS 193 

T A B L E  I 

R E S U L T S  O F  P U R I F I C A T I O N  P R O C E D U R E  

R N A  po lymerase  a c t i v i t y  was  assayed  as shown in a vo lume of 0. 5 ml  con ta in ing  20o mM Tr i s -  
HC1 (pH 7.8), 5 ° mM thioglycerol ,  3 mM MnC1 v 2 mM each of ATP  and  GTP, 0. 3 mM CTP, 
0.5 mM [aH]UTP and 13o k~g DNA. The m i x t u r e  was  i ncuba t ed  15 min  a t  37 °. After  the  incuba-  
t ion  was  comple ted ,  0. 5 ml  of a cold so lu t ion  con ta in ing  lO% t r ich loroace t ic  acid, 0.04 M sod ium 
p y r o p h o s p h a t e  and  0. 4 mg /ml  of f inely dispersed bovine  se rum a l b u m i n  was  added.  Then 5 ml 
of a so lu t ion  con ta in ing  5 % t r ich loroace t ic  acid and 0.02 M sod ium p y r o p h o s p h a t e  were added,  
and  the  m i x t u r e  was k e p t  on ice for IO rain. The p rec ip i t a t e  was col lected on glass fiber pads,  
washed  t h o r o u g h l y  w i t h  the  d i lu te  t r ich loroace t ic  a c i d - p y r o p h o s p h a t e  solut ion,  and  the  radio-  
a c t i v i t y  was measured  in  a l iqu id  sc in t i l l a t ion  counter .  I n  th is  assay,  enzyme  a c t i v i t y  was l inea r ly  
p ropo r t i ona l  to t ime  (up to  15 rain) and  to  p ro te in  concent ra t ion .  I p u n i t  equals  the  incorpora t ion  
of i pmole  of U T P  in to  R N A  per  min  under  the  assay  condi t ions.  F rac t ions  I, 2 and  3 are, respec- 
t ive ly ,  the  first quar te r ,  the  midd le  ha l f  and  the las t  qua r t e r  of the  peak  of enzyme  a c t i v i t y  e lu ted  
f rom the  DEAE-ce l lu lose  column. 

Purification step Total Specific 
punits activity 

( punits /l~g 
protein) 

Soluble f rac t ion  of nuclear  sonicate  13 2oo o.o21 
S t r e p t o m y c i n  t r e a t m e n t  25 600 0.029 
DEAE-ce l lu lose  c h r o m a t o g r a p h y  

Frac t ion  i 3 5 °0 0-27 
Frac t ion  2 6 ooo 0.96 
F r a c t i o n  3 2 7oo o.6 

Phospha te - ce l lu lo se  c h r o m a t o g r a p h y  of F rac t ion  2 above  i ioo  47 

activity continues to rise with increasing concentration of Mg ~+. Optimum activity 
occurs at pH 7.8. These results agree with those of BALLARD AND WILLIAMS-ASHMAN 2, 

who studied a relatively crude RNA polymerase from rat testis. Our crude enzyme 
preparations were stimulated by ammonium sulfate (as are the testicular and bacterial 
enzymes), but were strongly inhibited by ammonium sulfate when purified. 

T A B L E  I I  

CONDITIONS FOR THE R N A  POLYMERASE REACTION 

The assay  was carr ied  out  as descr ibed in the  t e x t  using 5 ¢lg of e lua te  2 f rom the  DEAE-ce l lu lose  
column.  

Assay mixture pmoles [~H] UTP 
incorporated 
into RNA per 
x 5 min 

Comple te  a s say  m i x t u r e  72 
A T P  I 

-- GTP  9 
-- CTP 5 
- -  DNA (native) 4 
- -  DNA (native)  + DNA  (hea t -dena tu ra ted)  7 ° 
_ M n 2 +  24 

Mn ~+, plus Mg ~+ (o.oo8 M) 45 
--  Thioglycero l  51 
+ A m m o n i u m  sulfa te  (o.o12 M) 42 
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