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Differential centrifugation and affinity chromatography were used to purify the porcine, 
radiation-induced retrovirus, RNA-dependent DNA polymerase. The purified RDDP was then 
differentiated from cellular DNA polymerase y by its template specificity, chromatographic 
characteristics, and the optimum reaction conditions required for DNA synthesis. 

Not until the 1970s was it known that 
normal animal cells contained several DNA 
polymerases. Since that time, the study of 
DNA polymerases in normal and neoplastic 
cells has helped to elucidate the mechanism 
of oncogenesis by RNA tumor viruses (retro
viruses). Reverse transcriptase, the RNA
dependent DNA polymerase (RDDP) associated 
with retroviruses is now recognized as a 
unique biochemical marker of the presence of 
these agents. It is therefore important to 
be able to distinguish RDDP activities from 
those of normal cellular polymerases. These 
include RNA-primed DNA-dependent DNA poly
merases, DNA polymerase y, and terminal 
transferase. DNA polymerase y and reverse 
transcriptase are frequently confused because 
they have similar template specificities, 
molecular weights, and chromatographic 
characteristics. Nonetheless, they can be 
distinguished from one another on the basis 
of these same properties. 

Earlier studies in this laboratory have 
provided four lines of evidence that the DNA 
polymerase from leukemic swine is indeed a 
viral reverse transcriptase: 1) The DNA 
polymerase is associated with a cytoplasmic 
particulate fraction the size, density and 
morphology of a retrovirus; 2) the endo
genous synthesized DNA by this enzyme is 
sensitive to RNAse, requires a divalent 
cation, and needs all four deoxynucleoside 
triphosphates; 3) the product of the endo
genous reaction is newly synthesized 3H-DNA; 
4) the product of the endogenous reaction 
is associated with a 70S RNA molecule (char
acteristic of the retrovirus genome) in an 
RNA:DNA hybrid. 
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In this report we provide the fifth, 
and final, piece of evidence: the purified 
enzyme can be differentiated from "normal" 
cellular DNA polymerases. 

The purification scheme (Figure 75) for 
RDDP derived from cultured leukemic cells 
was designed to isolate all particulate 
matter of the size of porcine radiation
induced retrovirus (PORRV) by differential 
centrifugation. We have found this procedure 
very effective in removing contaminating 
cellular DNA polymerases (data not shown) 
from the virus pellet. In fact, the virus 
pellet contains both virus and cellular 
debris with a sedimentation coefficient from 
400 to 900S. Following solubilization of 
viral protein, and centrifugation to remove 
any remaining particulates, the viral DNA 
polymerase activity is applied to an affinity 
chromatography column containing oligo 
dT 12 - 18 covalently bound to cellulose, 
which is used to provide one-step purifica
tion of the PORRV DNA polymerase. 

Each step of the purification process was 
followed by monitoring the ability of the 
DNA polymerases to use various primers 
(rAdT 12- 1S ' dAdT 12 _ 1S , or nicked DNA) as 
templates for initiating synthesis. In 
these assays, incorporation of 3H-TTP into 
an acid-insoluble product by PORRV DNA 
polymerase was linear for over an hour 
(Figure 76) when rAdT was the template. The 
enzyme was unable to use the other two 
templates. 

Two peaks of viral RDDP activity were 
observed from the oligo dT cellulose column: 
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FIGURE 75. Porcine Retrovirus (PR) Purification Scheme 
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FIGURE 76. Enzyme Assays were Carried out in a 100-1J1 Reaction Mixture 
Containing 18 IJI Purified PoRRV-DNA Polymerase; 200 mM Tris-HCl, pH 8.3; 
1 mM DTT; 50 mM KCI; 0.2 mM Mn(CH3C02h; 0_8 IJM dTTP; 2 IJCi [3H] dTTP 
(40 Ci/mM) and 5 IJg rAdT 12-18. The reaction mixture was stored at 37°C; 
10-IJI aliquots were withdrawn at the indicated intervals and assayed for 
trichloroacetic-acid-precipitable reactivity. 

230 



the first peak was eluted by O.1M KCl and 
the second eluted by about O.3M KCl (Figure 
77). While the enzyme activities in both 
peaks appear to be identical, the second 
peak was of considerably higher specific 
activity, and was used in the assays to 
characterize enzyme activity. The increase 
of specific activity obtained at each step 
of purification indicates that our purifica
tion scheme provides a highly purified RDDP 
preparation for characterization (Table 70a). 

Divalent cation preferences of viral DNA 
polymerases are commonly used to differen
tiate between RNA tumor virus types. There
fore, we assayed the response of the enzyme 
to the concentration of magnesium and manga
nese (Figure 78). The PORRV DNA polymerase 
clearly prefers Mn++, showing a 2-fold 
increase in synthesis with Mn++ vs Mg++ 
at optimal concentration for both divalent 
cations. Earlier experiments have indicated 
that the endogenous DNA polymerase activity 
of PORRV (viral RNA serves as the template) 
shows a similar preference for Mn++, although 
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these reactions require IO-fold (2 to 5 mM) 
higher concentrations of divalent cations 
for optimal synthesis. These results help 
to substantiate morphologic data indicating 
that PORRV is a type C virus. 

Earlier data (Annual Report, 1978) clearly 
showed that the PORRV DNA polymerase from 
swine leukemia cells was different from 
terminal transferase, DNA polymerase a, 
and DNA polymerase S. However, we felt 
that further evidence was required to sub
stantiate our claims that the observed 
activity was not DNA polymerase y. Table 70b 
lists several differences between these two 
enzymes that we have observed in experiments 
comparing DNA polymerase y with PORRV-RDDP. 
These data constitute evidence that we have 
obtained highly purified reverse tran
scriptase from PORRV. Future studies will 
include molecular weight determination, 
immunological characterization, and compari
son with similar enzymes isolated from other 
retroviruses. 
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FIGURE n. Chromatography of PoRRV DNA polymerase of dT 12-18 Cellulose. Approximately 
650 ~g of protein were applied to the column and eluted with a linear KCI 
gradient containing 0.1% Triton X-l00 and 1 mM dithiothreitol. Fractions 
were collected and 25-iJ I aliquots were assayed for activity with rAdT 12-18 
as a primer under the conditions described in Figure 76. The reaction 
mixtures were assayed for trichloroacetic-acid-precipitable activity after 
30 min of incubation at 37°C. (e)cpm 3[HJTTP incorporated with rAdT 12-18 
assay; (.A.) m KCI; (x) iJg protein based fluorescamine method. 

231 



TABLE 70a. Purification of PoRRV DNA Polymerase(a) 

Total 
Total(b) 

Specific 
Protein, Activity, 

Fraction mg Units Units/mg % Yield 

19,000 rpm Pellet 17.8 (c) 30972 1740 

Total Glycerol Gradient 8.5 (c) 36211 4260 100 

Fraction B Glycerol 2.2(d) 27484 12493 76 
Gradient 

Solubilized Enzyme 0.9(d) 27863 30959 77 
(50,000 rpm Supernate) 

Oligo dT Column 
0.6(d) Fractions 3-8 14145 23575 39 

Fractions 21-24 0.016(d) 7488 468000 21 

(a) The PoRRV was obtained from a cell line derived from a miniature swine with 
radiation-induced myelogenous leukemia 

(b) One unit is defined as the amount of enzyme that converts 1 pmole of lH-TTP per 
hour at 37° to acid precipitable activity (rAdT12_18 templated reaction 

(c) Protein determination by method of Lowry 
(d) Protei n determination by fluorescamine method 
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FIGURE 78. Dependence of Reaction Velocity of PoRRV DNA Polymerase or 
Divalent Cation Concentration. The divalent cations were tested as 
manganese acetate and magnesium acetate. DNA polymerase was assayed as 
described in Figure76, using rAdT 12-18 as template. Kinetics of incorporation 
at each point were monitored every 15 min and found to remain linear for 
at least 60 min. The values plotted represent the cpm value from a 10-111 
sample at 60 min. 
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TABLE 70b. Comparative Properties of PoRRV DNA Polymerase 
and Cellular DNA Polymerase Cl 

Property 

Primer Template Preference(a) 
rAdt12_18 
dAdt12_18 
Activated DNA 
rCmdG12_18 
rCdG12_18 

dAdt12_18 . 
Ratio 

rAdt12_18 

Divalent Cation Preference 
N-Ethylalemide Inhibition 
pH Optimum 
Chromatographic 

DEAE Cellulose 
Phosphocellulose 
Oligo dT Cellulose 

DNA 
PoRRV 

100 
< 0.1 
<0.1 

1 
9 

< 0.001 

Mn++, 0.2 mM 
Sensitive 
7.9-8.4 

Binds Poorly/Elutes at <0.05 M 
Binds/Elutes at-0.3 M 
Binds/Elutes at-0.3 M 

(a) Expressed as percentage of the preferred template 
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Polymerase 
Y 

33 
100 
5 

0.1 
0.1 

3 

Mn++, 0.5 mM 
Sensitive 

7-8 

Binds/Elutes <0.3 M 
Binds/Elutes -0.3 M 

Does Not Bind 




