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The incorporation of z4C-deoxynucleotides into deoxyribonucleic acid 
by soluble mammalian enzymes 

Previous studies on the  proper t ies  of the so luble-supernatant  fraction obtained f rom rat-liver 
homogenates  by  centr ifugat ion at  IO6,OOO × g1,~,8 have now been extended to the  synthesis  of 
DNA by  this  cell fraction. I t  has  been found (a) tha t  incorporat ion of deoxynucleotides into 
DNA occurs in this  soluble fraction of ra t  liver, (b) t ha t  addition of rat-liver DNA to the  incubation 
mix ture  increases the incorporation, (c) tha t  an increased incorporation is observed when all 
four nucleotides are present  in the incubat ion mixture ,  and (d) tha t  addit ion of an ext rac t  of 
regenerat ing rat-liver nuclei s t imulates  the incorporation. 

Expt .  i, Table I, shows tha t  the incorporat ion of deoxyadenylic acid into DNA is enhanced 
by  dialysis of the enzyme sys tem;  this p robably  reflects the greater  conversion of the deoxy- 
mononucleot ides to the di- and t r iphospha te  stage which occurs after  dialysis of this system, 
as has been shown previously 3. Exp t .  2 shows tha t  addit ion of DNA, prepared from ra t  liver 
by  the method of ZAMENHO~, results  in a 2-fold increase in the incorporat ion of the deoxy- 
mononucleot ides into DNA, suggesting tha t  a pr imer  m a y  be required, as was observed by 
KORNBERG et al.  s in a bacterial  system. Expt .  3 shows tha t  all four deoxymononucleot ides are 
incorporated into DNA to a similar extent .  I t  is of par t icular  interest  to note tha t  the incorporation 
of deoxyadenylic acid is not  reduced by  the presence of a ~ooo-fold excess of adenosine tr iphos- 
phate,  indicating a complete specificity of the incorporat ing sys tem for the deoxynucleotide. 

T A B L E  I 

INCORPORATION OF 14C-DEOXYNUCLEOTIDES INTO DNA BY SOLUBLE MAMMALIAN ENZYMES 

The incubat ion mix ture  is as described under  ref. z (Table I). At the end of the incubation the 
DNA was extracted by  the method of HECHT AND POTTER 7 and counted. Superna tan t  fraction 
(io6,ooo × g) of a homogenate  of regenerat ing ra t  liver 36 h after  hepatectomy,  dialyzed for 
3 ° h against  two  4-1 changes of o .o5M t r i s (hydroxylmethyl )aminomethane  buffer, p H  7.4- Ab- 
breviat ions:  C, deoxycytidylic acid; T, thymidyl ic  acid; A, deoxyadenylic acid; G, deoxy- 

guanylic acid. 

Total c.p.m, incorporated into DNA in the presence o] the 
Experiment Treatment ]ollowing precursor l*C-deoxynucleotides 

C T A G 

I Dialyzed - -  - -  30 - -  
Non-dialyzed - -  - -  5 - -  

2 Dialyzed: wi th  added DNA 35 60 - -  - -  
Dialyzed; wi thout  added DNA 20 29 - -  - -  

3 Dialyzed; wi th  added DNA 54 58 52 63 

Dialyzed; wi th  added DNA 50 IOO I3o 261 

Non-dialyzed; wi th  added DNA - -  - -  - -  2 7 
Non-dialyzed; wi th  added DNA - -  - -  - -  7 6 

and nuclear ex t rac t  

Expt .  4 shows tha t  when  two or more 14C-deoxymononucleotides are incubated concurrently,  
an additive effect is obtained, with some s t imulat ion being observed when all four nucleotides 
are present  together.  Expt .  5 shows tha t  addition of a soluble extract  of nuclei of regenerating 
ra t  liver greatly s t imulates  the incorporat ion of the four deoxynucleotides into DNA. 

The evidence t ha t  the radioactivity is associated with deoxyribonucleic acid is as follows. 
The incorporated radioactivi ty is acid-insoluble and is res is tant  to hydrolysis  with I . o N  N a O H  
or to heat ing wi th  o . i N  NaOFI at  80 ° for 2o rain. I t  can be extracted f rom the precipitate with 
hot  IO % NaC1, and can be precipitated f rom this  NaC1 solution wi th  2. 5 volumes of 95 % alcohol. 
I t  is non-dialyzable, bo th  against  wate r  and against  3 % NaC1. The radioact ivi ty can be liberated 
f rom the  bound  form by t r ea tmen t  with deoxyribonuclease and snake-venom phosphodiesterase 
and can be isolated f rom the  enzymic hydrolysate  in the form of the original radioactive deoxy- 
ribonucleotide by  column ch romatography  under  the conditions previously describeda. 

The results so far obtained are in general agreement  wi th  those obtained in the bacterial 
sys t em by KORNBERO et al.  5 and wi th  those obtained wi th  t r i t ia ted thymidine  in a similar mam-  
mal ian sys tem recently developed by  BOLLUM AND POTTER e a l though certain variations,  part icu-  
larly the effect of the nuclear extract ,  are evident. 
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The molecular weight of ribonucleic acid prepared from 
ascites-tumor cells 

Light-scat ter ing measurements  have been carried out  on highly polymerized ribonucleic acid 
(RNA) prepared f rom asci tes- tumor cells by  the method of COLTER A~D BROWN 1. After extraction, 
the high molecular weight RNA was separated by  precipitat ion with I M NaC1 and kept  at - - 4  °o 
until  12 h before the experiment.  I t  was then thawed and dialyzed against  p H  7.2 buffer (ionic 
s t rength  (I), o.o2 sodium phosphate ,  o.o8 NaC1). The measurements  were carried out  in a 2o ml 
WITNAUER cell s with a BRICE photomete r  3 with narrow-sli t  optics at angles between 25 ° and 145 °- 
The solutions were clarified by centrifugation and filtration through a special filter 4. Successive 
concentrat ions between o.I i and o.73 g/1 were measured in a single cell using a micro bure t te  ~ and 
mixing with a magnetic stirrer. Concentrat ions were measured by  absorpt ion at 260 m/~ using the  
absorpt iv i ty  of 21.o lg -1 cm -1 obtained on an RNA sample dried to constant  weight at lO5 °. The 
value of dn]dc (refractive index increment) was found to be o.1716 and to be independent  of 
concentrat ion.  

The results obtained gave a value of lO.O 5 • Io -7 for (Kc/Rgo)~ o and an intrinsc d i s symmet ry  
of 1.14, result ing in a molecular weight of 1,o9o,ooo. (The experimental  value for depolarization 
was found to be not  greater  than  tha t  obtained wi th  bovine-serum albumin and, therefore, was  
not  used in the calculationsS.) When  the data  were plotted according to ZIMM 7, the molecular 
weight  was found to be i , i8o,ooo and the initial slope yielded a radius of gyrat ion of 320 A. The 
curva ture  found in the zero-angle extrapola t ion plot  suggests t ha t  the RNA is polydisperse. 
Analysis of the results  in te rms of the usual molecular models ( random coil, sphere, rod and el- 
lipsoid) showed tha t  the data  could be fitted reasonably only by rods or prolate  ellipsoids. Using 
the l ight-scattering molecular weight of i . i .  lO s and average particle lengths of 7oo-I,IOO A, 
deduced f rom the intrinsic d issymetry  and angular  envelope of the scattering, along with a partial  
specific volume of o.52s, it is possible to calculate for prolate  ellipsoids particle widths  of 51-41 A 
This results in axial ratios of I4-27. 

Electron micrographs,  taken on similar prepara t ions  of RNA, have shown elongated particles 
which vary  in both  cross-section and length. The lengths of these particles ranged from 800 A to 
2,ooo A. They appeared to be tapered a t  the  ends and the diameters  measured at  the center were 
between 4 ° and 7 ° A. These dimensions are considered to be in good agreement  with those deduced 
f rom the  l ight-scattering data. 

A similar RNA prepara t ion  had an intrinsic viscosity of o.40. Assuming 2o% hydra t ion  
and taking the l ight-scattering molecular weight of I . I .  lO s and prolate ellipsoidal shape, one 
calculates from the data  an axial ratio of 28 and dimensions of 4 ° A × i , i2o  A. Such a hypothet ical  
molecule would have a sedimentat ion cons tant  of 29. Ultracentrifugal  analysis at  0.03 g/1 using 
ultraviolet  optics presented a simpler picture than  tha t  obtained by  schlieren optics 1. Al though 
there was some spreading of the boundaries,  the RNA sedimented as two components ,  60 % with 
s = 32 and 4 ° % with s = 15. The weighted average sedimentat ion coefficient (s = 25) of the  

• K is an optical constant ,  c is the RNA concentrat ion and Rg0 is the Rayteigh ratio at 9 o~. 


