Antigenic Relationships in Mammalian DNA Polymerase

Abstract. Rabbit antibody was prepared against a high-molecular-weight DNA
polymerase purified from the soluble fraction of calf thymus gland. This antibody
does not inhibit terminal deoxynucleotidyl transferase isolated. from that source,
but does inhibit both low-molecular-weight and high-molecular-weight DNA
polymerases isolated from cytoplasmic and nuclear fractions of a number of
mammalian tissues (mouse L cells, calf thymus, phytohemagglutinin-stimulated
human lymphocytes, rat liver, and rabbit bone marrow). The results suggest
that (i) no antigenic relationship exists between terminal transferase and DNA
polymerase, (ii) common antigenic determinants exist in the DNA polymerases
from all mammalian sources, and (iii) multiple forms of DNA polymerase found
in mammalian cells are related by having polypeptide sequences or subunits
in common.

cerned have been described as 3.3S and
6S to 85 DNA polymerases from the

An inhibitory antibody has been pre-
~ pared against calf thymus DNA poly-

merase (/) by injecting a rabbit with
-a partially purified DNA polymerase.
Our original purpose in preparing this
antibody was to explore possible im-
munological relationships between calf
thymus DNA polymerase and calf thy-
mus terminal deoxynucleotidyl trans-
ferase (2), but none was found. Recent
work from several laboratories (3) has
demonstrated that mammalian DNA
polymerase exists in several molecular
forms and intracellular locations. The

cytoplasmic fraction, and a 3.3S activity
from the nuclear fraction. The 3.3§
activities from cytoplasm and nuclei
appear to be identical in reaction pro-
perties and chromatographic behavior
(3). Mitochondrial DNA polymerase
has also been described (4). We now
report our studies on the possible im-
munological relations between the var-
ious molecular forms of DNA poly-
merase in mammalian cells and in dif-
ferent kinds of tissue.

activities with which we have been con- The calf thymus DNA polymerase

Table 1. Immunological relationships in mammalian DNA polymerases. The antibody to
calf thymus 6S to 8§ DNA polymerase was partially purified immunoglobulin G (IgG) from
a rabbit immunized with calf thymus 6S to 85 DNA polymerase. The IgG was obtained by
ammonium sulfate fractionation followed by chromatography on diethylaminoethyl (DEAE)-
cellulose. The final protein concentration of this antibody preparation was 40 mg/ml. The
rabbit antiserum to Escherichia coli polymerase 1 (I0) was inactivated for 60 minutes at
70°C. When the antibody to calf thymus 6S to 8§ DNA polymerase was used, the control
titration was carried out with purified rabbit y-globulin; when the antiserum E. coli polymerase
I was used, the control titration was carried out with normal rabbit serum. Normal rabbit
y-globulin or normal rabbit serum does not inhibit the DNA polymerase activity, but both
have some stimulating effect. The antigens used were partially purified enzyme preparations
except for DNA polymerases from phytohemagglutin (PHA)-stimulated human lymphocytes,
which were obtained by separation of the nuclear and soluble polymerases. An enzyme unit
(E.U.) is that amount that catalyzes the incorporation of 1 nmole of nucleotide in 1 hour.
In all cases except that of mitochondrial DNA polymerase at least 90 percent inhibition of
the enzyme activity can be obtained at lower antibody dilutions. Mitochondrial DNA poly-
merase was 80 percent inhibited at the lowest dilution.

Antigen Inhibition ?;;t xl\}xt)y ‘?iﬁgzgiy Inl?g;t)mn
Antibody to calf thymus 6S to 88 DNA polymerase
Calf thymus, 6S to 8S + 3.60 1/32 - 48
Calf thymus, 3.3 + 3.00 1/8 45
. Calf thymus terminal transferase - 1.50 2/3 0
Rabbit bone marrow, 3.3 -+ 1.48 1/16 59
Rat regenerating liver, 6S to 8S + 0.48 1/64 37
Rat regenerating liver, 3.35 -+ 0.08 1/32 12
PHA human lymphocyte, 3.3 +
6S to 8S + 0.43 1/3 f 86
PHA human lymphocyte, 3.38 + 0.33 1/8 70
Mouse L cells, 6S to 85 + 0.83 1/64 66
Mouse L cells, 3.3S + 0.34 - 1/16 36
Rat liver mitochondria -+ 0.06 1/16 63
E. coli polymerase 1 —_ 0.57 1/3 0
E. coli polymerase I1 —_ 0.80 2/3 0
Antiserum to E. coli polymerase I
E. coli polymerase I 0.57 1/96 88
Calf thymus 6S to 8§ — 2.40 2/3 0
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used to prepare the antibody was the
65 to 85 activity isolated from the solu-
ble fraction of calf thymus gland (2).
Although we did not observe any anti-
genic relationship between 6S to 8S
DNA polymerase and terminal trans-
ferase, we do find common antigenic
determinants among DNA polymerases
from several mammalian species.

We now describe some immunologi-
cal reactions of the forms of DNA
polymerase now available. The effect
of antibody to calf 6S to 8S polymerase
on terminal transferase isolated from
calf thymus gland and DNA polymer-
ase activities isolated from calf thymus
gland, ‘mouse L cells, phytohemag-
glutinin-stimulated human lymphocytes, -
rabbit bone marrow, rat regenerating
liver, rat liver mitochondria, Escherichia
coli polymerase I, and E. coli poly-
merase II are summarized in Table 1.
The data are presented as the antibody
dilution that gave approximately 50 per-
cent inhibition at the stated enzyme con-
centration for the cases showing inhibi-
tion. The lowest antibody dilution
tested is listed for those enzymes show-
ing no inhibition.

Antigen-antibody reactions were car-
ried out by mixing serial dilutions of
antibody with a constant amount of

- antigen (that is, a fixed enzyme unitage

was used) in 0.1M NaCl containing
50 mM potassium phosphate at pH 7.5
at room temperature for 30 minutes
and storing the mixtures overnight at
4°C. A portion of each antigen-anti-
body mixture was then assayed for
DNA polymerase activity (3). As in-
dicated in Table 1 the antibody is
active against its homologous antigen at
a 1:32 dilution, It is also active at a
1:8 dilution against a DNA poly-
merase that has quite different enzyma-
tic properties, the 3.3S polymerase
purified from the homologous tissue.
A third enzyme from calf thymus gland
(2), terminal deoxynucleotidyl trans-
ferase, which catalyzes random poly-
merization of deoxynucleoside triphos-
phates is not inhibited by this antibody.
This set of titrations establishes the
specificity of the antibody against DNA
polymerases and the cross-reaction be-
tween molecular species in the homol-
ogous tissue. It also indicates that the
antibody preparation does not contain
enzymes that degrade deoxynucleoside
triphosphate substrates or polydeoxy-
nucleotide products.

Further tests for cross-reaction were
then carried out with 3.35 and 6S to 8S
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- DNA polymerases from other species.
Table 1 indicates that the antibody is
active at a 1: 16 dilution against the
3.3S DNA polymerase purified from
rabbit bone marrow. This is a rather
striking result since the antibody was
produced against calf thymus protein in
a rabbit, that is, the animal produced an
antibody that will react quite specific-
ally with one of its own intracellu-
lar proteins. Other entries in Table 1
demonstrate that both forms of cellular
DNA polymerase found in rat liver,
mouse L cells, phytohemagglutinin-
stimulated human lymphocytes (5), and
rat liver mitochondrial DNA polymer-
-ase are inhibited by rabbit antibody to

- .calf thymus 6S to 85§ DNA polymerase.
The last four entries confirm the speci-
ficity of this antibody in not inhibiting
E. coli DNA polymerase I, and the
converse, that rabbit antiserum to E.
coli polymerase I serum does not in-
hibit calf thymus 6S to 85 DNA poly-

merase. Others (6) have demonstrated
that E. coli polymerase Il is not in-
hibited by antiserum to E. coli polymer-
ase I, Table 1 shows that antibody
to calf thymus 6S to 85 does not in-
hibit E. coli polymerase 1I. This con-
firms the specificity of the cross-
reactivity of antibody to calf DNA
polymerase with- mammalian DNA po-

lymerases.

The titrations of antibody to calf 6§
to 8S polymerase have also been
carried out with fixed amounts of anti-
body and variable amounts of antigen
(6S to 8S calf thymus polymerase). An-
tigen-antibody precipitates were re-
moved by centrifugation, and the super-
natant fractions were assayed for DNA
polymerase activity. The results con-
firmed the validity of fixed antigen-
variable antibody titrations and also in-
dicated that a precipitating antibody
was present.

The final question to be answered is
whether the antibody preparation con-
tains two different populations of anti-
bodies, one active against 6S to 8S poly-
merase and a second active against the
3.35 enzyme, or whether the same
population of antibody molecules is
active against both enzymes. To test

these alternatives we mixed the anti-

body preparation with calf thymus 6§
to 85 polymerase, and the mixture was
centrifuged. The supernatant was then
tested for activity against rabbit bone
marrow and calf thymus 3.3§5 poly-
merase. The supernatants were depleted
of antibody to 3.3S polymerase in pro-
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portion to the depletion of the antibody
to calf 65 to 85 polymerase. We con-
clude that one antibody population is

reacting with all forms of polymerase

present.

Antiserums have been prepared
against E. coli DNA polymerase I (7),
T, DNA polymerase (7), Shope fi-
broma virus - (8), and herpesvirus
(9). In each instance the antiserum
has been reported to be specific for
its specific antigen (DNA polymerase)
and no cross-reactions have been
reported. The results that we have
presented would not have been" pre-

‘dicted .on the basis of these earlier im-

munological studies. In retrospect it
does seem reasonable that enzymes re-
sponsible for chromosome replication
might be rather invariant in evolution-
ary time, particularly in determinant
regions related to catalytic activity.
Lucy M. S. CHANG
F. J. BoLLum
Departments - of Biochemistry and
Oral Biology, University of
Kentucky Medical Center,
Lexington 40506
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Carcinoembryonic Antigen Present in Human

Colonic Neoplasms Serially Propagated in Hamsters

Abstract. Carcinoembryonic antigen, as measured by radioimmunoassay, is pres-
ent in two different human colonic tumors that have been serially transplanted and
maintained in the cheek pouches of unconditioned, adult golden hamsters. This
finding shows that a human tumor-associated antigen can be produced in an

animal host.

Gold and Freedman have described
(I) an antigenic material specific for
embryonic digestive tissue and ento-
dermally derived neoplasms of the gas-
trointestinal tract. This material, named
carcinoembryonic antigen (CEA), has
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Fig. 1. Standard inhibition curve in which
[**1]JCEA is complexed with antiserum free

after incubation with known quantities of
CEA.

1251 (103 count/min)

been used in the search for a practical
means of cancer diagnosis and prog-
nostication (2, 3). One major limitation
in the use of this antigen for sensitizing
animals, in diagnostic tests, and in the
study of its chemical nature and bio-
genesis has been the difficulty of pro-
curing it from metastatic gastrointesti-
nal cancers and the variability of its
activity. The availability of almost un-
limited supplies of two human, mucin-
producing, colonic tumors (GW-39 and
GW-77) growing in the cheek pouches
and the hind leg musculature of un-
conditioned, adult golden hamsters (4,
5) has prompted us to determine wheth-
er these implanted tumors might be a
good source of consistently large quan-
tities of CEA with relatively uniform
activity. The presence of CEA in xeno-
grafted tumors would be an indication
that such tumor-associated antigens are
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