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tion. To 0.5 ml of the solution of the compounds, 0.15 ml of
the protamine or quinine solutions were added and the
presence of precipitate or turbidity formation was recorded.
Results and discussion. The chemical structures along with
the results obtained are shown in the table. The methylsul-
fone-tetrazole cephalosporins tended to form more abun-
dant precipitate with protamine or quinine than did the
ethylaminosulfonic acid compounds. The non-sulfated
cephalosporins (cefuroxime, cefamandole, SK&F 82956)
formed neither precipitate nor cloudiness. The number of
sulfonic acid groups as well as the substituents at the
7-position seems to influence the bulkiness of the precipi-
tate. This complexing or combining phenomenon with
precipitate (cloudiness, opalescence) formation may be a
visible indication (in contrast to soluble complexes) of the
in vivo binding capacity of these cephalosporins. Cefonicid
(SK&F 75073)° and SK&F 80303° are highly serum pro-
tein bound with high and prolonged blood levels following
parenteral administration”. The other cephalosporins stud-
ied, which do not form precipitates, have much lower
serum protein binding capacity and lower and shorter
serum levels. The concentration of compounds in this in
vitro test is obviously higher than the obtainable therapeut-
ic serum levels, nevertheless, the combining property of
these agents with basic plasma constituents can be simulat-
ed in this test model. The complex formed by protamine or
quinine with cefonicid or SK&F 80303 is insoluble in water
and has biological activity after washing and vacuum-
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drying. This test model may prove useful in studying
mechanisms of the pharmacokinetic and chemotherapeutic
behavior of long-acting tetrazole-sulfonic acid cephalospo-
rins and other chemical agents’.
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Cell cycle patterns of thymidylate synthetase and 5,10-methylenetetrahydrofolate polyglutamates in cultured

mouse hepatoma cells!

D.G. Priest, M. T. Doig and B.E. Ledford

Department of Biochemistry, Medical University of South Carolina, Charleston (South Carolina 29425, USA), 3 April 1981

Summary. The regulation of thymidylate synthetase activity was investigated throughout the first cell cycle after release
from an isoleucine block in synchronous cultures of mouse hepatoma (Hepa) cells. Activity in cell extracts increased with
the onset of S phase and the increased activity was attributed to a parallel increase in enzyme concentration as determined
by titration with tritiated fluorodeoxyuridylate. The polyglutamate chain length of reduced folate cofactors, which could
also influence thymidylate synthetase activity, was unchanged.

Thymidylate synthetase - (methylenetetrahydrofolate: 2’-
deoxyuridine-5-monophosphate C-methyltransferase; EC
2.1.1.45) catalyzes the reductive methylation of deoxyuridy-
late (dUMP) to form thymidylate (TMP). The reaction is
the one de novo source of dTMP required for DNA
synthesis and because the activity of the enzyme is very low
in most tissues, it has been suggested that the reaction may
be a rate-limiting step in DNA synthesis>®. Due to this
pivotal role in DNA synthesis, thymidylate synthetase is a
target enzyme in cancer chemotherapy* and its regulation
during the cell cycle is therefore of considerable interest.

Thymidylate synthetase activity increases dramatically in
rapidly proliferating versus stationary cells*7 and the spe-
cific activity has been shown to increase at the beginning of
S phase®. Several modes of regulation have been suggested
including changes in: a) enzyme synthesis, b) substrate
availability, and c) enzyme affinity for the available sub-
strate. Increased specific activity during S phase in mouse
3T6 fibroblasts seems to be controlled at the level of
transcription®. Neither the concentration of dUMP!®!! or
the monoglutamate form of the folate cofactor'? appear to
limit enzyme activity; however, it has been suggested that

changes in the polyglutamate forms of methylenetetrahy-
drofolate might influence in situ activity'2. The affinity of
thymidylate synthetase is greater for longer chain length
polyglutamates!>-!”.

The present study involves the stoichiometric titration of
thymidylate synthetase in cell extracts'® and the electropho-
retic identification of polyglutamate chain lengths of 5,10-
methylenetetrahydrofolate complexes'® to investigate the
influence of enzyme level and polyglutamate chain length
on thymidylate synthetase activity during the cell cycle of
cultured mouse hepatoma cells.

Materials and methods. All chemicals and materials except
those listed below were purchased from Sigma. [6-*H]FdUMP
(18 Ci/mmole) and [5-°H]JdUMP (18 Ci/mmole) were
purchased from Moravek Biochemicals. Folic acid was
reduced to tetrahydrofolate by the method of Davis® and
converted to the methylene derivative by the addition of
75 mM formaldehyde for storage at — 70 °C.

The cell line, Hepa, was maintained in culture and synchro-
nized by isoleucine deprivation as previously described?!.
Cell extracts were prepared by a freeze/thaw procedure?
and aliquots were used for the determination of thymidy-
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methylenetetrahydrofolate cofactor'?, Incorporation of en-
dogenous methylenetetrahydrofolate into a complex with
excess [‘Hlfluorodeoxyuridylate and L.casei thymidylate
synthetase followed by electrophoretic separation based on
charge was used to identify the cofactor polyglutamate
chain length”. It can be seen in figure 2 that no change in
the distribution of polyglutamate forms of methylenetetra-

" hydrofolate occur at any point throughout the cell cycle.

Thus, the regulation of thymidylate synthetase activity
during the cell cycle is not associated with changes in
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Figure 2. Comparison of folylpolyglutamate chain lengths through-
out the Hepa cell cycle. Ternary complexes containing [3H]-
FAUMP were prepared from cell extracts at the mmdicated times in
the cell cycle and were co-electrophoresed with complexes contain-
ing reference folylpolyglutamates. Fluorographs of these gels were
scanned with a microdensitometer. The n indicates the position of
bands for standards containing 1-7 glutamate residues attached to
the pteroyl moiety.

late sﬁynthetase activity?®, thymidylate synthetase concentra-
tion'® and methylenetetrahydrofolate polyglutamate chain
length®. Protein concentration was estimated by the
method of Bradford?,

Results and discussion. Allen and Ledford” have shown
that the Hepa cell line used in these studies begins to
incorporate thymidine approximately 4 h after release of
the isoleucine block. It can be seen in figure 1 that the
specific activity of thymidylate synthetase, determined from
initial velocity measurements of cell free extracts, increases
subsequent to the onset of S phase. The increase in specific
activity is paralleled by an increase in the concentration of
thymidylate synthetase as determined with the active site
titrant, [*H}fluorodeoxyuridylate. Thus, the mode by which
the specific activity of thymidylate synthetase is increased is
consistent with an increased amount of enzyme.

Increases in thymidylate production could also be in-
fluenced by elongation of the polyglutamate portion of the

polyglutamate chainlength.
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