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INTRODUCTION

Thymidylate synthase (TS; EC 2.1.1.45) cata-
lyzes the de novo synthesis of deoxythymidine
monephosphate (dTMP) from deoxyuridine mo-
nophosphate (dUMP} and Ns,Nm-metherne tet-
rahydrofolate. TS has been sludied intensively,
and much is known about the structure, function
and inhibition of the enzyme (1). Since high TS
activitiy is found in rapidly proliferating tissues
(due to increased de novo synthesis of dTMP), it
has been a target enzyme.in cancer chemother-
apy (2}. Although most inhibitors of TS are ana-
logues of its substrates, they have deficiencies as
potential chemotherapeutic agents. In order to
gain access across cellular membranes, nucleo-
tides must be provided as the corresponding
bases or nucleosides and, therefore, must un-
dergo appropriate metabolic activation. N°N'-
methylene tetrahydrofolate analogues often re-
guire conversion to polyglutamated foerms in order
to obtain potent inhibition. Specificity is' also an
important issue since folate analogues frequently
inhibit other enzymes, which utilize folate cofac-
tors. Thus, it would be desirable to have TS in-
hibitors, structurally unrelated to TS substrates.
Pyridoxal-5'-phosphate is the active form of pyri-
doxine (vitamin Be) and is used as an enzyme
cofactor in many reactions. Among them is the
one catalyzed by serine hydroxymethyltrans-
ferase (SHMT). This enzyme supplies thymidy-
late synthase with N®, N'%-methylene tetrahydro-
folate. 4-deoxypyridoxine {4-dBg) is a Be ana-
logue that causes severe Bs deficiency upon its

administritation in rats or mices and, therefore,
impairs immunoresponses. It has been proposed
that this impairment is due to the inhibitory effect
of 4-dBs on the activity of SHMT (3). It has also
been shown by others that Bs analogues bind to
TS active site in vitro and that this binding results
in decrease of TS activity (4,5).

AIM

In the present study, we addressed the issue of
whether 4-deoxypyridoxine binds TS in vivo and if
such a binding results in enzyme inhibition. Qur
results show that 4-dBs addition in human T lym-
phocyte cultures effectively inhibits TS activity,
DNA synthesis and cell proliferation.

MATERIALS AND METHQDS

Human lymphocytes (10° cells/ml) were cul-
tured for 72 hours in the presence or absence of
4-deoxypyridoxine (6). Cultured lymphocytes,
resuspended in phosphate buffer saline, were
used for all subsequent measurements. The as-
say for TS catalytic activity was based on pub-
lished methods (7) with slight modification (8).
The reaction mixture was incubated for 60 min at
37°C. Enzyme aclivity was expressed in pmoles
of product formed/n/mg protein. 4-deoxypyridox-
ine was added to lymphocyte extracts at concen-
trations of 0.5 and 2.5 mM and TS activity was
measured either immediately or 30 min later. The
assay of *H-methyl-thymidine incorporation was
performed using well-established methods. All
data were analyzed by the Student’s 1-test.
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RESULTS AND DISCUSSION

We investigated the effect of 4-dBs on
thymidylale synthase activity of mitogen-stimu-
lated T lymphocytes, 4-dBs was added in lym-
phocyte cultures at different concentrations and

time intervals. Enzyme activity measurements
were performed in cell extracts. It was concluded
that in the presence of 4-dBs, TS activity is de-
creased up to 30% and cell proliferation is inhib-
ited up to 50% (Table 1).

Table 1.
Effect of 4-dBs on lymphocyles stimulation, DNA synthesis, DNA content and TS activity

Preincubation condition |Stimulated lym-] “*H-methyl-Trd incor-| pgDNA/10® TS activity
phocytes (%} | poration (epm/10° cells
cells) (pmales/h/ mg Inhibition

: prot.) (%)

wio PHA 3+1* 100 + 23" 4.1+ 0.3 4.3+ 04" -

PHA 80+ 4 22350 + 1150 11.3+ 0.9 102.1+ 5.6 0
PHA+4-dBs 0.25mM 72+4 21700 + 970 8.3+0.86 97.8 +4.8 4
PHA+4-dBg 0.5mM 5845 15190 + 805 71+05 81.9+ 4.1 20
PHA+4-dBs 2.5mM 54 +2 12850 + 911 6.6 +0.7 76.1 +3.7 25
PHA+4-dBg 5.0mM 50+3 11850 + 725 58+ 05 72.2 +3.9 30

[’H)-thymidine incorporation experiments have
shown that DNA synthesis is significantly reduced
in the presence of 4-dBg (up to 49%). Our results
(Table 1) clearly show that the effect of 4-dBs on
nucleic acids biosynthesis or cell replication is
dose dependent. n order to investigate whether
4-dBs itself or the major product of its metabolism,
e.g. 4-deoxypyridoxine phosphate (4-dPNP), af-
fects TS, we measured TS activity in lymphocyte
extracts supplemented with 4-dBe. In these ex-
periments, measurement of enzyme activity
started either immediately after the addition of 4-
dBg or 30 min later {to ensure for adequate 4-
dPNP production by cytosolic pyridoxal kinase).
Qur results indicated clearly that enzyme activity
was significantly decreased (up to 40%) only after
4-dPNP production (Figure 1). The results ob-
tained in this study demonstrate for the first time
that deprivation of vitamin Bs (by supplying the
culture with its antagonist 4-dBs) appraciably in-
hibits TS activity and DNA synthesis. We are
convinged that 4-deoxypyridoxine (and possibly
its phosphoryiated derivative) can be tested for its
pharmacological effect in cases where restraint of
immune system is demanded.

REFERENCES

1, Carreras C.W., Santi D.V. : Ann. Rev. Biochem. 64. 721-
762 (1995)

2. Danenberg P.V.. Biochim. Biophys. Acta 473 73-92
{1977)

3. Trakatellis A.C., Axelrod A.E.. Biochem. J. 95: 344-34%
(1965)

4. Chen S.C., et al.: inf. /. Biochem. 21: 1217-1221 (1989)
5. Santi D.V., et al.: Biochemistry 32. 1735-1741 (1993)

8, Bernard M.\., et al.: J. Immunol 124: 96-68 (1980)

7. Moran R.G., et al.: Proc. Nall. Acad. Sci. USA, 76: 1456-
1460 (1979)

8. Palassopoulou M.: PhD thesis, Aristotle University of
Thessaloniki, p. 154, Greece 2000

70+
60+
50-
40
30+
20+
10

0

TS activity (pmolesih/img prot.}

PHA 05 05"
4-deoxypyridoxine (mM)

25 25"

Figure 1. Inhibition of TS activity by 4-deoxypyridoxine
phosphate {(4-dPNP). Control sarnple; PHA induced TS
activity in a 72-hour culture. * Addition of 4-dBs 30 min
later. Data represent the mean of 5 experimenis, each
one having triplicale determinations for each enzyme
suspension condition.





