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An enzyme fraction from calf thymus nuclei which incorporates single 

ribonucleotides into terminal positions of DNA has been described (I, 2, 3). 

It has been found that this same enzyme fraction (referred to in this comnunica- 

tlon as ‘nuclear enzyme’) catalyses the incorporation of deoxyribonucleotides 

into terminal positions of DNA and that this activity appears to be distinct 

from that of DNA polymerase. 

RESULTS 

The ‘nuclear enzyme’ which incorporates deoxyrlbonucleotides into terminal 

posltions of DNA can be distinguished from DNA polymerase by the fact that the 

incorporation of one deoxyribonucleotide into DNA is not enhanced by the presence 

of the complementary deoxyribonucleoside trlphosphates in the incubation mixture. 

This characteristic has been used as a means of assay of the ‘nuclear enzyme’. 

The results in Table l show that incubation of the ‘nuclear enzyme’ with 

DNA and P52-dCTP results in the incorporatlon of dCMP Into DNA; when the dATP, 

dGTP and lTP are also present In the incubation mixture no enhancement of 

incorporation of G2-dCMP into DNA is noted, but rather an inhibltion of in- 

corporation. This contrasts with the behavior observed rlth DNA polymerase 

(4, 5) and is also presented in this Table for purposes of comparison. When 

the ‘nuclear enzyme’ and calf thymus polymerase (5) are incubated together, 

the stimulation characteristic of DNA polyrnerase Is observed, Indicating that 

the enzymatic activity of the ‘nuclear enzyme ’ is not an artifact imposed upon 

a DNA polymerase present in this fraction by contamlnatlng enzymes. 
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TABLE I 

Effect of the ‘Nuclear Enzyme’ on the Activity of DNA Polymerase 

Precursor 

A: P3*-dCTP B: 
P3* -dCTP 

plus dATP, dGTP 
and TTP 

incorporation incorporation Ratio 
Enzyme added cpm cpm A/B 

Nuclear enzyme 236 III 2.l:l 

DNA polymerase 247 3200 I:13 

Nuclear enzyme 
plus 

DNA polymerase 406 4060 I : IO 

The compfete sys$n contained (in 1.0 ml): 

~;l;‘kf;N~:f?n(tii!mk :: f  &dCT, d* 

IO pmoles of phosphate (K+, pH 
IO f,uno es of cysteine, 200 pg. of heated calf 

-P-P) and an equivalent amount of each the 
non-radioactive deoxyribonucleoside triphosphates where indicated; ‘Nuclear 
enzyme’ and DNA polymerase (prepared by the method of Bollum,from calf thymus) 
(5) were added to the appropriate tubes. Incubation time: 60 minutes. Deter- 
mination of incorporation into DNA was performed by published methods. (6) 

During the course of purificatfon of this enzyme fraction from calf thymus 

nuclei, the original preparatlons contain DNA polymerase as indicated in Table II 

(Fraction A and Fraction B) by the stimulation of incorporation of d*-dCMP by 

the presence of the compfementary deoxyrfbonucleosfde triphosphates. When Frac- 

tion B is adsorbed onto a DEAE-cellulose column, elution of the column with 

0.02 M potassium phosphate, pH 7.2 removes the ‘nuclear enzyme’, no enzymatic 

actfvfty can be recovered by efution of the cofumn with 0.06 M potassium 

phosphate, pH 7.2 whereas subsequent elution with 0.06 M potassium phosphate, 

pH 7.2 plus 0.1 M (NH4)2S04 results in the removal of the DNA polymerase from 

the column, as evidenced by the stimulation of d*-dQ.iP fncorporatfon into DNA 

by the complementary deoxynucleoside triphosphates. These results indicate that 

the two enzymatic activities are due to distinct entities. 

It has also been found that the type of incorporation observed in the pre- 

sence of the ‘nuclear enzyme’ appears to be limited to the incorporation of a 

few deoxyribonucfeotfdes to the ends of DNA chains and not to an extensive 

polymerization of DNA. 32 Thfs has been established by preparing dCMP -DNA and 
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TABLE I I 

Separation of ‘Nuclear Enzyme’ from DNA Poiymerase 

Fraction added 

Nut lear pe I let 
(Fraction A) 

Incorporation in presence of 

d2-dCTP( d2-P-P) d2-dCTP, dATP 
dGTP, TTP 

mumoles mumoles 

0.26 0.64 

Extract of Fraction A 
(Fraction 8) 

0.46 0.89 

0.02 M K Phosphate 

0.06 M K Phosphate 

0.06 M K Phosphate 
plus 

0.10 M Arnnon. Sulfate 

0.38 0.24 

0.01 0.01 

0.12 0.39 

The incubation conditions were as described in the legend to Table I. 

following the release of radioactivity and total nucleotides from the product 

DNA into acid soluble form on hydrolysis wlth snake venom phosphodfesterase 

( 7 ). The results presented in Table III indicate that when d2-dCTP was the 

sole precursor present during the incorporation reaction, almost 90% of 

the incorporated radioactivity was released within the time required to render 

acid soluble 5% of the DNA. When a full complement of deoxynucleoside tri- 

32 phosphates (P -dCTP, dATP, dGTP, and mP) were present during the incorporatlon 

reaction, more then 50% of the Incorporated radioactivlty was released from 

the product DNA within the time required to render acid soluble 5% of the DNA. 

Similar data have also been obtained with TMd2-DNA (and C14-GMPONA) and 

aleo indicate that the ‘nuclear enzyme’ catalyzes a limited addition of deoxy- 

nucleotides (or rlbonucleotldes) to the ends of preexisting DNA chains. 
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TABLE I I I 

Action of Venom Phosphodiestetase on Product DNA 

Radioactivity 

$ released 

Product prepared with: 

Time 
dCTd2 alone 

dCid2 plus 
Optical 
Uensity 

minutes oATP. dGTP. TTP $ released 

IO I8 6 cl 

20 33 I7 I 

40 50 26 2 

90 74 41 3 

180 89 54 5 

Labeled product-SNA was prepared as indicaTed in Table I for ‘nuclear 
enzyme’ and the labeled LNA (I mc) isolsied. The product was treated with 
snake venom phosphodiesferase (7) and the radioactivity and optical density 
at 260 mp rendered acid soluble were determined. 
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