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The enzyme thymidylate synthase (TS) catsythe methylenetetrahydrofolate-dependent coivers
of deoxyuridine-5'-monophosphate (dUMP) to thymédBi-monophosphate, the key substrate in cellular
DNA biosynthesis. Early trials to selectively corhbancer cells were based on interference with A
synthesis. Therefore TS inhibition has been for &geyears used in anti-cancer chemotherapy. Ruaod
is the first and still very often used drug, tramefedin a cell to a deoxynucleotide form, fluorodaaidine-
5’-monophosphate (FAUMP). FAUMP, a strong TS inthibirecognized by the enzyme as a substrate, par-
ticipates in the enzyme-catalyzed reaction updertain point, when it is stopped due to the presef
fluorine in the inhibitor molecule. At this stehge enzyme, inhibitor and methylenetetrahydrofotatesti-
tute a ternary complex that is covalently bound/is@lographic studies results, concerning this em
became the milestone on the path leading to leguthin mechanism of TS-catalyzed reaction.

N-hydroxy-dCMP (N-OH-dCMP) is also a strong TS inhibitor, participgtin the enzyme-catalyzed,
methylenetetrahydrofolate-dependent reaction. €hetion leads to enzyme inactivation whose exduibin
tion mechanismhas not been solved yet. We havediadying this mechanism for a long time, and some
time ago succeeded to discover certain facts itidig#his mechanism to be different from that dfibition
by FAUMP. Those differences suggested that leatthi@gnechanism may help to understand so far un-
known elements of TS-catalyzed reaction mechanimi@indicate possibilities to design new enzyme
inhibitors, thus potential chemotherapeutics.

The project is aimed at verifying a hypaiseconcerning mechanism of TS inhibition b{®H-
dCMP, formed based on the results of our crystedipigic studies that shed a completely new and bunsus
pected light on that mechanism. Earlier the inbibiitas been assumed to form, similar to FdAUMP yva-co
lently bound complex with the enzyme and methyletnahydrofolate, causing inactivation for unknown
reasons. The latter picture was questioned byahidts of the above mentioned crystallographicietudn
particular, by the 3D structure, solved with a visigh resolution of 1.17 A, of TS complex that ¢aflized
in the presence of NDH-dCMP and methylenetetrahydrofolate. The lagtaicture suggested the enzyme to
catalyze in the presence of-®H-dCMP and methylenetetrahydrofolate of an akenteaction, leading to
enzyme inactivation by irreversible binding of thhibitor alone (unlike with FAUMP, where bindin§ o
inactivating inhibitor molecule leads to the forioatof a covalently bound enzyme-FdUMP-
methylenetetrahydrofolate ternary complex), witttaanpanying non-covalently bound dihydrofolate. It
should be mentioned that TS-catalyzed reaction lmeagonsidered composed of two coupled simpler reac-
tions: (i) methylene group transfer from methyletethydrofolate to the fifth carbon atom of dUMP
pyrimidine ring and (ii) reduction of this group bye remaining tetrahydrofolate molecule, non-cently
bound at the active center, with the latter undiexggoxidation to dihydrofolate. The above mentios&dic-
ture indicates "uncoupling” of the two reactionshia presence in the active center $f0H-dCMP mole-
cule. Also, the methylene group is apparently rasigferred on this molecule (or the product of suttans-
fer is unstable, therefore leaving no trace), dedfifth carbon atom of the pyrimidine ring undezgaeduc-
tion that may be seen thanks to the above mentibiggadresolution. Thus NOH-dCMP interferes with the
catalyzed reaction in a completely different wagrntfrdUMP, thus constituting a potentially very usédol
to study the reaction mechanism, particularly tfdhe methylenetetrahydrofolate oxidation stadee Tat-
ter is of interest, as the mechanism of just thé&ction stage is not well known.

Thus the proposed research approach idanmieonly at better understanding of the mechawisthe
title inhibitor, with the idea of using this knowdge by designing new inhibitors, but also at apmyi'-
OH-dCMP as a tool in studies of TS-catalyzed reaathechanism. In order to reach those objectivés, N
OH-dCMP and methylenetetrahydrofolate moleculesheélapplied with chosen atoms substituted by stabl
or radioactive isotopes (atoms of the same cheraleatent, differing in neutron number). Applicatioin
those "labeled" compounds in the enzyme-catalygadtion should allow to follow fates of chosen cleain
groups and answer different questions concerniisgdaction. Besides, the role of amino-acid ressgu
suspected (based on the crystal structure) ofggaation in the title inhibitor binding in the enmg active
center, will be tested with the use of 5 mutatedvafsants, each with one of the suspected amind-alei
tered (by genetic engineering). Each mutant protéiirbe assayed for enzyme activity, and with #heari-
ants preserving this activity, inhibition by d0H-dCMP, as well as a potential to catalyze théhyienetet-
rahydrofolate-dependent transformation by the imbipleading to permanent inactivation. | addititime
experimental studies will be supplemented by catouhs, involving molecular modeling with the ude o
guantum mechanics, and molecular mechanics andrdgsaaimed at testing possible reaction pathd-lea
ing to formation of the above mentioned crystaiciure.



