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Hydride Transfer versus Hydrogen Radical Transfer in Thymidylate Synthase

Baoyu Hong," Majd Haddad," Frank Maley,* Jan H. Jensen,’ and Amnon Kohen*'

Department of Chemistry, Unérsity of lowa, lowa City, lowa 52242-1294, and Wadsworth Center,
New York State Department Of Health, Empire State Plaza, Albany, New York 12201-0509

Received January 17, 2006; E-mail: amnon-kohen@uiowa.edu

Thymidylate synthase (TS) (EC 2.1.1.45) catalyzes the last Scheme 1. Two Proposed Mechanisms for the H-Transfer from
. . . . T i a
committed step in the de novo biosynthesis el@oxythymidine- €6 of Hafolate to the Exocyclic Methylene

5'-monophosphate (dTMP, one of the four building blocks of DNA). N, N B H,folate . H,folate
The enzyme catalyzes the reductive methylation -afebxyuridine- hh af\ R N | N
5'-monophosphate (dUMP) to dTMP. Two independent reactions HN“;EN NI HNT‘INJ\ R
are involved in which the cofactoN® N-methylene-5,6,7,8- Y }'I}H H- transfer O NH
tetrahydrofolate (CkHsfolate) serves first as a donor of a methylene 0 T» 2 CH;
group and second as a donor of a hydride iohThe hydride HN CH, HNu]/
transfer takes place between the C6 hydrogen s£6lete and the O%N S H o g S‘>
dUMP exocyclic methylene intermediate (Scheme 1). While the R dTMP Cys 146
existence of the exocyclic methylene intermediate has been reason- Cys 146 5
ably supported by its trapping with-mercaptoethanol (HSGH Hydride mechanism ;5;
CH,0H),* the H-transfer step that follows has been a matter of H, §
some controversy. Different experimental data have supported two o]
different and distinct mechanisms. Schultz and co-woPkesed :t‘;f{)oilize d
unnatural amino acids substituting W82lofcaseiTS? and found N NN Hyfolate n N, N_ radical
a correlation between the steady-stiatgfor tritium release (from g ) af\ R H?V/' i +jr\ R'
C5 of 5T-dUMP) and the theoretical ability of tryptophan (W) and HN];(N NH lf [\H NH
phenylalanine (F) substituents of W82 to bindNa the gas phase. o }'I H> e” transfer O u >
These researchers concluded that this correlation indicates that W82 0 —>» O -CH
stabilizes a IHfolate cation radical intermediate or transition state. HN”\fCH2 HNJI :
They proposed that the H-transfer is initiated by an electron transfer O%N S o7 NS
from Hyfolate to the dUMP exocyclic methylene intermediate to R > RC )

Cys 146 ys 146

form anion and cation radicals (bottom of Scheme 1). Since crystal

structures have suggested that W82 (W88dnhS) cannot stabilize :

such a cation at its ground state (Figure 1), it was proposed that a At the top, a one-step hydride transfer as proposed by refs 2, 3, and 7.
At the bottom, the two-step radical mechanism proposed by ref 5. Full

the p_te_'rln fng f.IIpS. closer_to the tryptopha_n (forming charge arrows symbolize transfer of a pair of electrons, and half arrows symbolize
stabilizing “stacking interactions”), and then flips back to transfer transfer of a single electron.

a hydrogen radical leading to products (right-hand of Scheme 1).
Stroud and co-workefexamined the crystal structures of the wild-
type (wt) and W80G mutant odcTS together with other crystal
structures of the enzyme with various ligands. They concluded that
the flip proposed by ref 5 is unlikely and proposed that the role of
W80 is to orient L143 and the reactants, thereby protecting the
exocyclic methylene intermediate from nucleophilic attack by
solutes, such ag-mercaptoethanol. They further concluded that
the mechanism of the H-transfer is likely to be a one-step hydride

tranrs]fer SOp of S.Cher?ehl)' hod di f d7is th Figure 1. Crystal structure oécTS with dUMP and Hfolate (PDB entry
The shortcoming of the methods used in refs 5 and 7 is that 1KZI7). This structure best mimics the conformation of the system prior to

they could not examine the nature of the H-trarfs&ep per se in the H-transfer step.The C146 bound dUMP, the Jfblate, and W80 are
the complex kinetic cascade of TS. Recently, we developed a highlighted.
method to study the nature of that step by means of intrinsic kinetic
isotope effects (KIES)and their temperature dependence and other
actlv_atlon param(_etel@.Thls _me,thodology Is very sensitive even cation radical nearly as well as the aromatic W, would substantially
to minor changes in the reaction’s potential surface and dynémiits
and has been used to detect effects of mutations close and far fromChange the. nature of the H-trar_lsfer.
the active site on the nature of the H-transfef® Thus, the The hydr@g transfer mgchamshnn the other hand, would not
temperature dependence of intrinsic KIES prO\./ides a’ way to require S|g_n|f|cant alteration of the nature of the H-transfer even
examine whether a two-step radical mechanism or a one-stepthoughkca‘t Is reduced?2" Steady-state parameters (elga and
Kwm) of several mutants of W8RTS and W80ecTS have been
t University of lowa. examineq in thg palét?’19 W80M ecTS was cho.sen in.this work
*New York State Department of Health. because it is still quite active relative to mutations with a smaller

Radical intermediate mechanism

hydride transfer mechanism is more likely. The radical mechanism
would imply that replacing W with M, which cannot stabilize a
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In summary, a sensitive probe of the nature of the H-transfer
step has been applied here in search of the effect of W80 substitution
to M in ecTS. The findings are in accordance with a alteration of
the pre- and reorganization of the system toward and after the
H-transfer step, but no significant change in the H-transfer step
per se. Since M cannot stabilize cation radical as well as W, the
findings support a hydride transfer mechanism (top of Scheme 1)

2 . . o dominating the reaction even for the wt enzyme. We hope that
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Figure 2. Arrhenius plots of H/T and D/T intrinsic KIEs with the wt (red
squares) and W80M (blue circlesgTS28 The lines are the exponential
root mean square fitting of the intrinsic KIEs to the Arrhenius equation
using the package KaleidaGraph.
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clarifying the chemical mechanism to TS will aid in rational drug
design.
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side chain and it is less likely to alter the entrance to the active

site/ but its side chain cannot stabilize a cation radical as aromatic References
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