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Abstract: A random screening approach has identified 2-chloro-3-substituted-1,4-naphthoquinones as
potent inactivators of HCMYV protease. Enzyme inactivation is due to modification of Cys202. Two of
the most potent compounds maintain activity against HCMV in a plaque reduction assay. © 1999
Elsevier Science Ltd. All rights reserved.

Human cytomegalovirus (HCMYV) disease is the most common life-threatening opportunistic

viral infection in the immunocompromised. It is the primary cause of death in recipients of bone
marrow and renal transplantsl'2 and is the most prevalent serious infection in AIDS patients, frequently
giving rise to pneumonitis and retinitis.>* HCMV protease plays a critical role in capsid assembly and
viral maturation™® and is an attractive target for antiviral chemotherapy. HCMV protease is a serine
protease, the crystal structure of which has recently been reported, revealing a novel protein fold and

novel catalytic machinery involving Ser-132 and two histidine residues (His-63, His-157).'
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Strategies to inhibit HCMV protease include the use of peptidomimetics,'™'? B-lactams
sulfhydryl-modifying molecules.'®'® Herein we wish to report the discovery and mode of action of 2-
chloro-3-substituted-1,4-naphthoquinone inhibitors of human cytomegalovirus protease.

A random screening approach using an SPA assay'’ identified 2-chloro-3-(2,6-dioxo0-4,4-
dimethylcyclohexyl)-1,4-naphthoquinone (1) as a moderate enzyme inhibitor (ICso=150 uM). Further
screening of around 100 analogues afforded a number of very potent compounds capable of rapid and
irreversible inactivation of the proteolytic enzyme. A selection of those tested is shown in Table 1.2
The most potent compounds were also tested in an HPLC assay.21 This confirmed the potent activities
and approximate rank order of the naphthoquinone derived inhibitors against HCMV protease.

It is notable that the reactivity of the 2-chloro-3-substituted naphthoquinone derivatives as
Michael acceptors correlates with the level of protease inhibition. Thus, the most reactive systems,
especially those with B-keto ester and P-diketone substituents at the 3-position, are the most active
protease inhibitors. HCMV protease contains 5 cysteine residues. Protease inhibition by covalent
modification of Cys84, Cys87, Cys138 and Cys161 has been repor’tc:d,m'18 as has protease inactivation
by intramolecular disulfide bond formation between Cys84-Cys87 and Cys138-Cys161.'5"

Fax: +44 1438 763616 e-mail: MJS40312@glaxowellcome.co.uk

0960-894X/99/$ - see front matter © Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(99)00489-8



2864

Table 1 : Activity of selected 2,3-disubstituted-1,4-naphthoquinones against HCMV protease
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To investigate the interaction of these compounds with HCMV protease, the protease was
incubated with an equimolar amount of the 1,3-diketone derivative 3, and analysed by electrospray

mass spectrometry (ESMS). A modified protein of molecular weight 254 Da higher than the native
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protein was observed, consistent with an addition-elimination process, in which reaction of 3 with the
protein is followed by the loss of HCl. Tryptic digest and sequencing by MS/MS identified the
modified amino acid to be Cys202, the first example of protease inactivation via modification of this
Cys residue (Figure 1).

The compounds were examined for their anti-HCMYV activities in a plaque assay (strain AD169
in MRC-5 cells).?> Most of the compounds had a very narrow therapeutic window, with cell toxicities
close to the ICsy values for viral inhibition. However, the B-keto ester derivatives 4 and 5 had ICs
values of 10 uM and 13 uM respectively, with no observed toxicity up to 100 uM in MRC-5 cells.

As the molecules inactivate a surface cysteine residue, we investigated the issue of selectivity
by testing compounds 1-5 against the prototypical serine proteases thrombin and human neutraphil
elastase (HNE) at 100 uM. No inhibition was observed against thrombin, whilst only compound 2 had
moderate inhibition against HNE (ICso = 30 pM). We also assessed their stability towards glutathione
as a typical thiol nucleophile, and found that they did react covalently with glutathione in DMSO at
ambient temperature over several hours.

In summary, we have identified potent irreversible naphthoquinone inhibitors of HCMV
protease which covalently modify Cys202. Certain examples retain activity in a viral plaque assay, are
selective over thrombin and HNE, but have limited chemical stability towards biologically relevant
nucleophiles. The design of inhibitors with reduced reactivity and specific enzyme recognition at a site

away from the active site would be a formidable challenge.
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Figure 1. Proposed mechanism of enzyme inactivation
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