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Abstract

S-adenosylhomocysteine hydrolase is a prospective target for developing new anti-malarial drugs. Inhibition of the hydrolase results in ar
anti-cellular effect due to the suppression of adenosylmethionine-dependent transmethylations. Based on the crystal stiugtioegof
falciparum S-adenosylhomocysteine hydrolase which we have determined recently, we performed mutational an&y&ésanum and
human enzymes. Cys59 and Ala84 of the parasite enzyme, and the equivalent residues on the human enzyme, Thr60 and GIn85, were examin
Mutations of Cys59 and Thr60 caused dramatic impact on inhibition by 2-fluoronoraristeromycin without significant effect both on its kinetic
parameters and on inhibition constant against noraristeromycin. In addition, the impact was independent from the electronegativity of the
side chain of the substituting residue. These results showed that steric hindrance between a functional group at the 2-position of an adenir
nucleoside inhibitor and Thr60 of the human enzyme, not an electrostatic effect, contributed to inhibitor selectivity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction develop anti-viral and -tumor agens,6]. Some of these
inhibitors are expected to be drugs that act against malaria
S-adenosylhomocysteine hydrolase (SAHH) is the [7,8], amajor parasitic disease thatis a major cause of human
enzyme that catalyzes the breakdowS-@fdenosylhomocys-  morbidity and mortality, especially in tropical areas. The
teine (SAH) to homocysteine and adenodihp SAH is a rapid emergence of drug-resistant parasites against currently
strong inhibitor of humerous methyltransferases, enzymesavailable drugs generates an urgent need for novel therapeutic
that transfer methyl groups fro$radenosylmethionine to  approaches.
nucleic acids, proteins, lipids and other small molec{2és To develop new anti-malaria drugs, it is essential to deter-
Since these methylations are required for the proliferation mine the structure of the enzymes or other molecules that
of viruses and tumor cells, the accumulation of SAH leads must be inhibited. We recently reported the crystal structure
to anti-virus/anti-tumor effectg3,4]. A number of nucleo- of SAHH from Plasmodium falciparum [9], a causative agent
side inhibitors of SAHH have therefore been synthesized to of human malaria. Application of SAHH inhibitors to malaria
therapy requires selective inhibition of the parasite enzyme
_— (PfSAHH), since humans also possess an SAHH (HsSAHH).
A Abb’”"‘?“'o”;’ds’l""'v 5';jef‘°5y!h°m°l°}(3tei”?? ﬁA':]Hv‘ad’j“”QSh}’_" It is therefore necessary to obtain detailed knowledge about
Nc;nl\}locyge'.ne ydrolase; FRlasmodium falciparum; Hs, Homo sapiens; ligand binding to both enzymes. Less is known, however,
, noraristeromycin; 2FNAM, 2-Fluoro noraristeromycin . L . .
* Corresponding author. Tel.: +81 58 293 2640; fax: +81 58 203 2640.  about ligand binding and catalytic mechanisms of PfSAHH
E-mail address: kitade@biomol.gifu-u.ac.jp (Y. Kitade). than about mammalian SAHH$0-12] In a previous study;,
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we found that the introduction of fluorine to the 2-position 2.4. Expression and purification of mutant enzymes
of noraristeromycin (NAM), a potent nucleoside inhibitor
of SAHH, selectively inhibits the parasite enzyfd&]. The Wild-type and mutant enzymes were expressed and puri-
enzyme structure of PfSAHH predicted that Cys59 is the key fied as describef®]. Briefly, E. coli harboring the expression
residue for selective inhibition by 2-fluoronoraristeromycin, plasmid was grown at 25 in LB medium. The incubation
in that the Cys59 residue of the parasite enzyme forms awas continued for 6 h after the addition of 0.5 mM isopropyl-
depression around the 2-position of adenosine, enabling it tol-thioB-p-galactopyranoside. The cells were homogenized
accommodate fluorine without steric hindrarj@g In con- in a buffer containing 20mM KHP® (pH 7.6), 0.3 M
trast, the side chain of the equivalent amino acid residue inNaCl and 5% glycerol, and the insoluble fraction was
the human enzyme, Thr60, plugs this depression. It is, how- removed by centrifugation at 17,080¢ for 15 min at 4C.
ever, not clear whether selective inhibition by 2FNAM is due The supernatant (cell extract) was purified by TAL®N
only to steric hindrance or also to electrostatic effects, such metal affinity and Sephacryl S300 gel filtration chromatog-
as electronegativity and hydrogen bonding of the fluorine raphy, with each column pre-equilibrated with the same
atom. buffer.
In this paper, we generate and analyse seven mutant
enzymes biochemically in order to reveal the detailed mech- 2.5. Enzyme assay
anism of the selective inhibition of PFSAHH by 2FNAM.
Enzyme activity was measured in the synthetic direction,
i.e. adenosine pL-homocysteine> S-adenosylhomocy-

2. Materials and methods stine. Each enzyme (0.Q8M) was incubated with adeno-
sine (0.5-10@M), inhibitor (0-500.M) and 5mM
2.1. Bacterial strains and plasmids pL-homocysteine in 0.1 mL of 25 mM potassium phosphate

buffer (pH 7.6) at 30C. Inhibitors were dissolved in 50%
Escherichia coli IM109 strain was used for all DNA  dimethylsulphoxide and added to the reaction so as not
cloning procedures and protein expression. pQEPfSAHH, to exceed 10% by volume. The reaction was terminated
a plasmid based on the vector pQE30 and which pro- by the addition of 1L of 0.67M HCI. An aliquot of
duces hexahistidine-tagged PfSAHH, and pKKHuS, a plas- the supernatant of each reaction mixture was analyzed for
mid based on pKK223-3 and which produces non-fusion S-adenosylhomocysteine by HPL[14]. Analysis of the
HsSAHH, have been described previougyl4]. inhibition data was done by nonlinear least squares fitting to
the equation 16o=K;(1 + [S]/Km) [15].
2.2. Construction of pOEHsSAHH
2.6. Structure analysis
pKKHuS was digested with EcoRl, blunt ended with T4 _
DNA polymerase, and digested withindlll. The 1.3 kb frag- _ Lea}st squares comparisons of the.molecular_ models and
ment containing the HsSAHH-coding sequence was ligated visualization of thg m.odels were carried out using Fhe pro-
into pQE32 that had been digested with BamHI, blunt ended 9ram CueMol (Ishitani, R., CueMol: Molecular Visualization
with T4 DNA polymerase and digested witliindlll. The Framework,http://cuemol.sourceforge.m/Molecular sur-
plasmid thus generated was named pQEHSSAHH. face was calculated using the program MS[6].

2.3. Site-directed mutagenesis 3. Results
PQEPfSAHH and pQEHSSAHH were subjected to site- .
directed mutagenesis using the QuikChange method in con—j'l' Construction of mutant SAHH genes

Junction with the primer sets listed ffable 1 The structures of PfSAHH and HsSAHH used here are

described irFig. 1L The Cys59 residue of PfSAHH is thought
to be responsible for inhibition by 2FNAM. The residue was
substituted by Thr, the equivalent residue in HsSAHH, and

Table 1
Oligonucleotide primers used for point mutations

Mutation Sequence Ser, a homologous residue with Cys. Conversely, Thr60 of
ggg; ﬁqgQE;E;TFEQAAQZTF%%T;T&:I%QEIF%AG HsSAHH was substituted by Cys, Ser and Ala. The Ala84 of
AB4Q ATATTTATTCAACACAGGATTATGCTGCAG PISAHH is located at a distance of cahdom 6-NH, group
Te0C GACCGTGGAGTGTGCCGTCCTC of adenosine. The equivalent of the Ala84 is GIn in HsSAHH
T60S CATGACCGTGGAGTCGGCCGTCCTCATTG and almost all known SAHHSs. The residue was exchanged
T60A GACCGTGGAGGCGGCCGTCCTC each other between PfSAHH and HsSAHH. Mutant genes
Q85A CTTCTCCACCGCGAACCATGCGG containing a codon substitution were successfully prepared

a Complementary sequence primers were also used for mutations. by the QuikChange method.
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