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DNA Polymerase with Characteristics of

Reverse Transcriptase Purified from Human Milk

Abstract. A DNA polymerase purified from a particulate fraction of human milk
has biochemical and biophysical properties similar to those of viral reverse tran-
scriptases. This enzyme is immunologically distinct from cellular DNA polymerases

obtained from a variety of human sources.

A number of studies (/, 2) have shown
that some human milk samples contain
an RNA-dependent DNA nucleotidyl
transferase activity (reverse transcrip-
tase). This enzyme has been isolated
from a variety of human tissues and ma-
lignant cells (3). However, purified re-
verse transcriptase has been immunolog-
ically characterized only three times:
from human leukemic cells ), pre-
leukemic spleen (5), and breast cancer
cells (6). The leukemic and preleukemic
enzymes were immunologically related
to the reverse transcriptase of the gibbon
ape leukemia virus and the simian sar-
coma virus (¢, 5). The DNA polymerase
isolated from human breast cancer was
immunologically related to the reverse
transcriptase of the Mason Pfizer mon-
key virus (6).

We report here the purification of a
DNA polymerase from high-density par-
ticles obtained from human milk. This
enzyme resembles the reverse transcrip-
tase of RNA tumor viruses in its primer
template specificities and cation require-
ment. The purified enzyme was devoid
of terminal transferase activity and was
not immunologically related to human
DNA polymerase «, 3, or 7.

High-density particles (p > 1.20) were
obtained from defatted human milk 2, 7-
9) and the DNA polymerase activity was
purified from these particles by sequen-
tial chromatography on DEAE-52 cellu-
lose (8) and polyribocytidylic acid agar-
ose [poly(C) agarose]. Figure 1, A and B,
shows elution profiles of the human milk
DNA polymerase from DEAE-52 cellu-
lose and from poly(C) agarose. The en-
zyme eluted as a single peak of activity
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from the poly(C) agarose column at a
concentration of 0.22M KCI.

The molecular weight of the DNA po-
lymerase was determined by three meth-
ods: (i) SDS-polyacrylamide gel elec-
trophoresis, (ii) Sephadex G-200 chro-
matography, and (iii) velocity sedimen-
tation analysis. Electrophoresis was per-
formed on 10 percent polyacrylamide
gels in the presence of 0.1 percent SDS
(10). Molecular weights of the separated
polypeptides were determined by using
phosphorylase A (94,000), bovine se-
rum albumin (68,000), and ovalbumin
(43,000) as molecular weight markers.
The poly(C) agarose peak material, with

a 200-fold purification over the high-den-
sity particles, contained a major poly-
peptide band corresponding to a molecu-
lar weight of 70,000. Molecular sieving of
the material by Sephadex G-200 in the
presence of 0.5M KCl also indicated that
the human milk DNA polymerase had a
molecular weight of 70,000 (Fig. 1C).
The DNA polymerase was sedimented
through a linear glycerol gradient (10 to
30 percent by volume) and the enzyme-
active fractions were located by assaying
with the primer template (dG) ;5 * (C),.
The enzyme activity sedimented be-
tween 5SS and 5.5S, slightly faster than
the bovine serum albumin marker (data
not shown).

Cellular DNA polymerases can be dis-
tinguished from one another and from
viral reverse transcriptases by their syn-
thetic primer-template specificities (/7).
In general, the viral reverse transcrip-
tases show a preference for (dT),, s
*(A), and not (dT);, 45 (dA), (2).
They will also use (dG),, ;5 * (C), and
(dG)o_1s - (Cm), (I3) as templates for
the synthesis of poly(dG). The cellu-
lar DNA polymerase, specifically poly-
merase vy, will inefficiently transcribe
(dG) -5 - (C), at low salt concentra-
tions, that is, 0.05M KPO, or no added
KCl (13, 14), and will not utilize poly(2’'-
O-methylcytidylate) - oligodeoxyguanyl-
ate for the synthesis of poly(dG) (/4).

The response of the human milk DNA
polymerase to synthetic primer tem-
plates appears in Table 1. The enzyme
can synthesize poly(dT) in the presence
of (dT);5_1s - (A), and Mg2™ (10 mM).
It will also utilize the templates
(dG)yz15 (), and  (dG);p 45 - (Cm),

Table 1. Enzymatic activity of the human milk DNA polymerase with various synthetic polynu-
cleotides being used as templates. Assay mixtures containing 10 ul of enzyme were initiated by
adding 40 ul of a mixture that gave a final concentration of 50 mM tris-HCI (pH 8.0); 60 mM
KCI; 1 mM DTT,; either 10 mM MgCl, or 0.5 mM MnCl,, 7.6 uM [*H]TTP (2000 to 4000 counts
per minute per picomole) or 7.6 uM [*H]dGTP (2000 to 4000 counts per minute per picomole);
and bovine serum albumin (0.5 mg/ml). All reactions were performed at 37°C for 30 minutes.
Acid-insoluble precipitates were collected on filters and the radioactivity was counted by means

of a liquid scintillation counting system.

Divalent [SH]dNMP’

Template [*H]dNTP cation polymerized
(pmole)
(A)y - (dT) 218 TTP Mn?2* 0.16
(A)n ' (dT)lz—ls TTP Mg“ 0.70
(dA), - (dT)5-18 TTP Mn?+ 0.10
(dA), - (dT) 515 TTP Mgt 0.08
(©)y - (dG) 121 dGTP Mn?*t 0.05
(O - (dG)y5-18 dGTP Mgz* 0.50
(Cm), - (dG)y5_1s dGTP Mn2+ 0.25
(Cm), - (dG)5_1s dGTP Mg?2* 0.50

Primer alone

dT) 1518 TTP Mg2+* < 0.01
(dT)12-18 dGTP Mg?2+* < 0.01
dG) 218 TTP Mg2+* < 0.01
dG) 218 dGTP Mg2+* < 0.01

*Same results with Mn2*+
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when synthesizing poly(dG). Primer
alone with either Mg2* or Mn?* gives no
detectable activity. This pattern of pri-
mer template utilization by the human
milk DNA polymerase excludes the pos-
sibility that it is terminal deoxynucleoti-
dyl transferase.

The utilization of (dG)s—;53 - (Cm), in

the presence of Mg?* makes it highly un-
likely that this enzyme represents the
cellular polymerases found in human
milk. The results show a pattern of activ-
ities that are consistent with those ob-
tained with reverse transcriptases from
animal viruses (/3).

An antibody was prepared in a rabbit

Fig. 1. Chromatographic elution profiles of human milk DNA polymerase from
(A) DEAE-cellulose column, (B) a poly(C) agarose column, and (C) a Sephadex
G-200 column. (A) DEAE-cellulose chromatography of milk polymerase. The
desalted material obtained by centrifugation through Sephadex G-25 was applied
to a 10-ml column of DEAE-cellulose (DE-52) equilibrated with buffer A [10 mM
tris-HCI (pH 7.5), 20 percent glycerol, 0.2 percent N-P,,, and 2 mM DTT]. After
the sample was applied, the column was washed with 30 ml of buffer A and the
DNA polymerase activity was batch-eluted with buffer A to which 0.3 M KCI had
been added. Portions (10 ul) of each fraction from the DEAE-52 column and
similar portions of fractions from subsequent column purification steps were
assayed for polymerase activity with (dG),,_,5 - (C), as described in the legend
of Table 1. (B) Poly(C) agarose chromatography of milk DN A polymerase. The
peak fractions from the DEAE-cellulose column were pooled, desalted by cen-
trifugation through Sephadex G-25, and applied to a 3-ml poly(C) agarose col-
umn equilibrated in buffer A. The column was washed with 10 ml of buffer A and
the DNA polymerase activity was eluted with a 15-ml linear gradient of 0 to
0.8M KCl in buffer A. The peak enzyme activity was eluted at 0.22M KCI. The
fractions containing the main peak of DNA polymerase activity were pooled and
ovalbumin was added to 200 ug/ml. This material was kept at 4°C and was used
as the starting material for characterization studies. (C) Sephadex G-200 chro-
matography of the milk DNA polymerase. The enzyme-active fractions from the
poly(C) agarose column were pooled and applied to a 20-ml Sephadex G-200
column equilibrated in buffer A containing 0.5M KCI. The column had been
standardized with ovalbumin (43,000), bovine serum albumin (68,000), and
phosphorylase A (93,000). Fractions (250 ul) were collected and 10-ul portions
were assayed for DNA polymerase activity with (dT),_,4 - (A), as described in
Table 1. The milk DNA polymerase eluted two to three fractions before bovine
serum albumin indicating an apparent molecular weight of 70,000.

Radioactivity (1073 x count/min)

1.0

against the purified DNA polymerase
from human milk, and the IgG fraction
was obtained (/5). One to two micro-
grams of the immune IgG inhibited the
DNA polymerase 70 percent but did not
inhibit polymerase «, 8, or y from human
milk (Fig. 2A). A number of enzyme neu-
tralization studies were carried out with

Concentration of KCI (M)

tVoid
volume

Fig. 2. Comparative inhibition of the human

milk reverse transcriptase and polymerase «, 140

B, and y by IgG directed against the human
milk reverse transcriptase. The data show
antibody neutralization studies of partially pu-
rified human milk DNA polymerases with
antibody (IgG fraction) to human milk re-
verse transcriptase. Enzyme activity in the
presence of immune IgG is expressed as a per-
centage of the activity in the presence of an
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identical amount of control IgG. (A) Titration
of human milk DNA polymerase with anti-
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body (IgG) to human milk reverse transcrip-
tase. Symbols: O, polymerase « (assayed
with nicked calf thymus DNA); OJ, polymer-
ase B [(dA) - (dT) was the primer template
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employed]; A, polymerase y [assayed with
(dT)s—15 * (A),]; and @, reverse transcriptase
[assayed with (C), - d(G),_5]. Polymerase «,
B, and y were prepared from human milk by
ion exchange chromatography according to
the method described by Lewis et al. (18). (B)
Titration of DNA polymerases from other hu-
man sources against antibody (IgG) to human
milk reverse transcriptase. Symbols: O, po-
lymerase o« from NC-37 cells; A, polymerase
vy from NC-37 cells; O, polymerase y from
HelLa cells; and @, reverse transcriptase from
human milk.
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Fig. 3. Antigen-antibody complex formation analyzed by velocity sedimentation. Immune or control IgG (100 ug) was incubated

with an appropriate amount of DNA polymerase at 37°C for 2 minutes, applied to a 10 to 30 percent linear glycerol gradient, and centrifuged at
40,000 rev/min at 4°C for 12 hours in an SW 50.1 rotor. Fractions were collected and assayed with conditions being maximized for the polymerase
being tested. A shift or change in the sedimentation profile indicated a positive antigen-antibody complex formation. (A) Normal goat (100 ug)
and NC-37 polymerase y. (B) Antibody (IgG fraction; 100 ug) to polymerase y and NC-37 polymerase y. (C) Antibody (IgG fraction; 100 ug) to
polymerase y and human milk reverse transcriptase. The arrows indicate the position the human milk reverse transcriptase sediments with 100 ug
of normal goat 1gG. (D to F) Velocity sedimentation analyses of rabbit antibody (IgG) to human milk reverse transcriptase, normal rabbit IgG
with human milk reverse transcriptase, and NC-37 cell polymerase . (D) Normal rabbit IgG (100 ug) and human milk reverse transcriptase. (E)
Immune IgG (100ug) and human milk reverse transcriptase. (F) Immune IgG (100 ug) and NC-37 cell polymerase y. The arrows indicate the posi-
tion of the peak tube of NC-37 cell polymerase y with normal rabbit IgG.
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purified polymerases « and +y from other
human sources. Neither DNA polymer-
ase « from human lymphoid cells nor
DNA polymerase y from NC-37 cells or
from HeLa cells was inhibited by the
antibody (IgG) to human milk DNA po-
lymerase (Fig. 2B). An antibody binding
to polymerase y (IgG fraction) was ob-
tained, which bound to the enzyme to
form an antigen-antibody complex but
did not neutralize enzyme activity (/6).
Binding was assayed with the antibody
(IgG) to polymerase y and the human
milk DN A polymerase (see Fig. 3). Com-
plex formation was determined by veloc-
ity sedimentation through linear glycerol
gradients. The fractions were assayed
for DNA polymerase activity and the
shape and position of the curve was com-
pared to control gradients. The DNA po-
lymerase from human milk did not bind
to the antibody to polymerase y (Fig.
3C). The y polymerases from Hel.a cells
and NC-37 cells did not bind to the anti-
body to human milk DNA polymerase
(Fig. 3F), indicating that this last poly-
merase is not immunologically related to
polymerase «, B, or vy from human
sources.

The human milk DNA polymerase was
compared immunologically to the re-
verse transcriptases of some RNA virus-
es. Enzyme neutralization studies with
the antibody (IgG fraction) to human
milk polymerase against simian sarcoma
virus, the baboon endogenous virus, and
RD-114 were all negative. Enzyme neu-
tralization and binding studies with anti-
body to the Mason Pfizer reverse tran-
scriptase were also carried out, but con-
sistent results could not be obtained.

Our results show that the DNA poly-
merase isolated from high-density parti-
cles of human milk is immunologically
distinct from polymerase «, 8, or vy. The
milk DNA polymerase has no terminal
transferase activity, as indicated by its
inability to incorporate either *H-labeled
deoxyguanosine monophosphate or *H-
labeled thymidine monophosphate when
oligo(dG) or oligo(dT) is used as primer.
The biochemical and biophysical proper-
ties of the DNA polymerase isolated
from human milk suggest that it may be
related to viral-type reverse transcrip-
tase.

In previous studies on human milk re-
verse transcriptase it has been concluded
that the particle-associated enzyme in
human milk is a reflection of the pres-
ence of a reverse transcriptase contain-
ing RNA virus (/, 2). We believe that the
assignment of a viral origin to the reverse
transcriptase in human milk cannot be
fully established on the basis of existing
studies. Most reverse transcriptases that
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have been studied to date have been as-
sociated with known RNA viruses, but
three recent reports (/7) raise the possi-
bility of the existence of nonviral or
“‘cellular reverse transcriptases.”” The
distinction between an endogenous type
C or type B reverse transcriptase and a
“‘cellular reverse transcriptase’’ may ul-
timately prove to be a semantic one.
JubpITH A. KANTOR
YAN-HwA LEE
Jack G. CHIRIKJIAN
WiLLiaM F. FELLER
Departments of Surgery and
Biochemistry, Georgetown University
Medical Center,
Washington, D.C. 20007
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