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Structures of nucleotide complexes of human thymidylate
kinase
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5HSRUW The physiological reaction catalyzed by thymidylate kinase (TMPK) is the
reversible transfer of the γ-phosphate of adenosine triphosphate (ATP) to thymidine
monophosphate (dTMP) yielding the corresponding diphosphates ADP and dTDP. Its
location at the junction of the GHQRYR and salvage pathways makes TMPK an essential
enzyme for cell replication and thus an attractive target for the development of drugs
against cancer or retro-viral infections. For the rational design of such targets a detailed
understanding of the catalytic mechanism is required. Besides structures of the enzyme
complexed with substrates or products, a complex of a transition state mimic such as AlFx is
of special interest. Therefore we crystallized human TMPK in complex with TMP, ADP and
AlFx.
In addition to its physiological role TMPK is involved in the activation pathway of anti HIV
prodrugs such as AZT (3’deoxy-3’azido-thymidine). This nucleoside analog must be phosphorylated three times by cellular enzymes to the activated metabolite AZTTP. The second
phosphorylation step, the phosphorylation of AZT-monophosphate (AZTMP) to the diphosphate is catalysed by TMPK and has been shown to be the rate limiting step in the activation

pathway. This bottleneck in AZT activation results in an accomulation of millimolar concentrations of the toxic, partially activated metabolite AZTMP in cells treated with this drug. To
understand the reasons for the poor activation of AZTMP by TMPK in detail, we
crystallized human TMPK in complex with ATZMP and ATP. Crystallizing TMPK in complex with TMP and ATP in an analogous approach as used previously (unpublished) shows,
that under appropriate crystallization conditions TMPK crystallizes preferably in complex
with dTDP and ADP resulting in the product conformation of the protein.
Based on the kinetic and structural information from our previous work on yeast and
(FROL TMPK [1-3], we started to design novel nucleoside analogs with improved properties
in respect to TMPK phosphorylation. AZT-PCVMP is an acyclic derivative of AZTMP (the
ribose is lacking the C2´ atom and O4´ is replaced by a methylene group). The structural
characteristics of such an acyclic analog will give further guidance for the design of better
substrates and in addition may result in a better understanding of the catalytic mechanism of
TMPK. Therefore, we crystallized human TMPK in complex with ATZ-PCVMP and the
ATP analog β,γ-imido-ATP (AppNHp). We collected three data sets at cryogenic temperature of the described complexes. The data collection statistics are summarized below.
Refinement is in progress.

703.&RPSOH[HV

703$'3$O)[

$=703$73

Space group
Unit cell a,c (Å)
Resolution (Å)
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