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Trypanosoma brucei and Trichomonas vaginalis are both parasitic protozoans that are known to share
many similar biochemical pathways. Aristeromycin, as well as 5'-iodovinyl and 5’-oxime analogues of
adenosine, are potent inhibitors of AdoHcy hydrolase in T. brucei, an enzyme that catalyses the hydrolysis
of AdoHcy to adenosine and L.-homocysteine. To help determine the role of this enzyme in T. vaginalis, we

have tested a library of 5'-modified adenosine derivatives, including 5’-deoxy-5'-(iodomethylene)-aden-
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osine and related 6-N-cyclopropyl analogues. Our results indicate that these inhibitors are effective at
inhibiting the growth of T. vaginalis, by as much as 95%.

© 2010 Elsevier Ltd. All rights reserved.

Trichomonas vaginalis is the causative agent of trichomoniasis, a
common sexually-transmitted disease in humans. The current
FDA-approved treatments for this disease are the compounds met-
ronidazole and tinidazole. The medication is typically prescribed as
a 2 g single dosage to be taken orally. However, approximately 2.5-
5% of all reported cases are resistant to metronidazole with this
percentage increasing.! The search for alternative new therapies
for both nitroimidazole susceptible and resistant cases is impera-
tive. S-Adenosylhomocysteine (AdoHcy) hydrolase functions as
an essential catabolic enzyme that catalyses the hydrolytic cleav-
age of AdoHcy to adenosine (Ado) and r-homocysteine (Hcy). It
can also perform the reverse synthesis reaction. AdoHcy is formed
after the donation of a methyl group by S-adenosylmethionine
(AdoMet). AdoHcy hydrolase can perform the same reaction with
different nucleotides and/or amino acids.?

In trypanosome protozoa, the pathways of methionine/AdoMet/
decarboxylated AdoMet/AdoHcy and polyamine metabolism are
closely related, and have both been successfully targeted in the de-
sign of trypanocides.? Hydrolytic cleavage of AdoHcy to adenosine
and L-homocysteine requires AdoHcy hydrolase, which also acts as
a potent feedback inhibitor of crucial transmethylation enzymes.

The 5’-deoxy-5'-(E)-(iodomethylene)adenosine 1a, a known
inhibitor of AdoHcy hydrolase, inhibited the growth of Trypano-
soma brucei with an ICso of 9 pg/mL. Interestingly, the 5'-deoxy-
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5'-(Z)-(iodomethylene)-adenosine analogue 1b showed a much
lower potency against T. brucei (ICso of 45 pg/mL).2 The different
ICso values betweens analogues 1a and 1b suggests that trypano-
somes may have different versions of AdoHcy hydrolase.

The 6-N-cyclopropyl analogues 3, 4 and 7b did not exhibit
inhibitory effects on human cells or malaria parasites. Nevertheless
the 5’-fluorovinyl compound 3 displayed an ICsq value of 19 pg/mL
against trypanosomes. However, compounds 4 and 7b had no ef-
fect on inhibiting the growth of trypanosomes.>

This study looks at AdoHcy hydrolase as a possible candidate for
drug design against the protozoan parasite, T. vaginalis. A CLUSTAL
W alignment of AdoHcy hydrolase from T. brucei, Trypanosoma cru-
zi, T.vaginalis and humans has shown that this enzyme is conserved
in its amino acid sequence between all four organisms (Fig. 1).

Primers to the putative T. vaginalis homologue of AdoHcy
hydrolase (Accession No. XP_00132501) were designed and re-
verse transcription PCR* was performed on cells from the T1 strain
of T. vaginalis. mRNA was detected in this strain, and GAPDH was
used as control gene for the reaction (Fig. 2).

Given this gene expression information, we then tested a library
of 5-modified adenosine derivatives including, 5’-deoxy-5'-
(halomethylene)adenosines, their 6-N-cyclopropyl derivatives
and selected aristeromycin and 2’-deoxyeritadenine analogues to
see what effect, if any, these would have on the growth of the
organism.

The 5-modified adenosine derivatives and their 6-N-cyclopro-
pyl analogues 1-8 as well carbocyclic adenosine analogue aristero-
mycin, 9, and aristeromycin-5’-carboxylic acid, 10 and acyclic
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Figure 1. CLUSTAL W Alignment of AdoHcy hydrolase from T. brucei, T. cruzi, T. vaginalis and H. sapiens.
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Figure 2. Reverse transcription PCR of AdoHcy hydrolase from T. vaginalis.

adenosine analogues 11 and 12 (Fig. 3), were tested against T. vag-
inalis in vitro.>® The most potent inhibitors were aristeromycin 9,
(E) and (Z) 5'-deoxy-5'-(iodomethylene)adenosines 1a and 1b,
and adenosine-5'-oxime 7a (Table 1). These compounds have an
ICso of 10 UM, 60 puM, 76 puM, 40 puM, respectively. Metronidazole’s
ICsg value for the strain that these compounds were tested on was
0.72 uM (Table 2).

The 5’-iodovinyl compounds 1a and 1b showed similar inhibi-
tory activity against both T. vaginalis and trypanosomes. However,

antitrypanosomal activity, with an ICso value of 12 ug/mL,? it was
not as effective against T. vaginalis.

Interestingly, the N-cyclopropyl 5'-oxime analogue 7b showed
stronger inhibitory activity against T. vaginalis than trypano-
somes.> Also, compounds 5 and 6 do not demonstrate significant
inhibitory effects on T. vaginalis.

Adenosine 5’-carboxylic acid 8a showed moderate potency
higher than that of the corresponding methyl ester analogue 8b.
Furthermore, aristeromycin-5'-carboxylic acid 10, was found to
be less potent than the aristeromycin, 9, itself. Moreover,
open-chain carbocyclic analogues of adenosine 11 and 12 were
inactive.

Aristeromycin 97 as well 5'-iodovinyl 1a/1b% and 5'-oxime 7a%¢
analogues of adenosine are potent inhibitors of AdoHcy hydrolase
and the enzyme inhibitory potency of 1a/1b% and 7a%? have been
correlated with their antiviral and anticancer potencies. Our
preliminary results presented here indicate that these AdoHcy
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Figure 3. 5'-Modified adenosine and related 6-N-cyclopropyl analogues, as well as

selected carbocyclic and acyclic adenine derivatives tested against T. vaginalis.

Table 1

Inhibitory activity of the 5-modified adenosine ana-
logues, their 6-N-cyclopropyl derivatives and other
carbocyclic and acyclic adenine analogues against T.
vaginalis T1 strain

Compound (100 uM) % Inhibition (+SEM)

1a 85 (+2)
1b 81 (£3)
2 24 (+12)
3 10 (£10)
4 12 (£10)
5 22 (215)
6 34 (216)
7a 93 (¢5)
7b 41 (+14)
8a 17 (24)
b 4 (+6)

9 95 (+2)
10 36 (9)
11 16 (£3)
12 11 (#4)

inhibitors are also effective at inhibiting the growth of T. vaginalis.
This raises the possibility of this enzyme having a significant role in

this organism.

Table 2
Calculated ICso values of the most effective compounds and comparison to
metronidazole

Compound ICs0 value (uM) ICs0 value (pg/mL)
Metronidazole 0.72 0.12

1a 60 19

1b 76 24

7a 40 11

9 10 3

These results suggest that AdoHcy hydrolase enzyme plays a

role in the growth of T. vaginalis. The degree of similarity of this
enzyme between T. brucei and T. vaginalis supports the case for fur-
ther determination of the role of AdoHcy hydrolase in T. vaginalis
as a possible route for finding alternative forms of chemotherapy.
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