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Abstract—Bioassay-guided separation by use of the fission yeast expressing NES of Rev, a HIV-1 viral regulatory protein, resulted
in isolation of valtrate (1) as a new Rev-transport inhibitor from the nucleus to cytoplasm from Valerianae Radix. Valtrate (1) also
inhibited the p-24 production of HIV-1 virus without showing any cytotoxicity against the host MT-4 cells.
# 2002 Elsevier Science Ltd. All rights reserved.

The acquired immunodeficiency syndrome (AIDS) is a
life-threatening disease caused by HIV-1.1 Replication
of HIV-1 entails an ordered pattern of the viral gene
expression, which is dependent upon the viral regulatory
protein, Rev.2 Rev acts to increase cytoplasmic accu-
mulation of the viral mRNAs, which encodes the viral
structural proteins, through the transport from the
nucleus to cytoplasm.3 As Rev is critical for viral repli-
cation, inhibition of the function of Rev is an attractive
strategy for therapeutic intervention.4 Recently, the
transport of Rev was shown to be mediated by the
receptor protein, chromosomal region maintenance 1
(CRM1), through the direct binding to the nuclear
export signal (NES) of Rev.5 Leptomycin B6 (2) has
been shown to inhibit the binding of the NES of Rev
(RevNES) to CRM1 and exhibits potent inhibitory
effect on the proliferation of HIV-1 virus.5,7 Further-
more, the analogous polyketide, callystatin A (3), iso-
lated from a marine sponge by our group also inhibited
the Rev transport from the nucleus to cytoplasm.8 In
spite of the potent in vitro biological activity, the sig-
nificant toxic feature of the two polyketides limited their
use as chemotherapeutics. This circumstance urged us to
engage in exploring new Rev-transport inhibitors from
natural products. Here, we describe the isolation of a new
Rev-transport inhibitor, valtrate (1), from Valerianae

Radix and a comparative analysis for the mode of
action between 1 and callystatin A (3) by use of a bio-
tinylated probe 13 (Fig. 1).

In order to search for new Rev-transport inhibitors, we
utilized a fission yeast Schizosaccharomyces pombe,5

which expresses a fusion protein consisting of gluta-
thione S-transferase (GST), SV40 T antigen nuclear
localization signal (NLS), green fluorescent protein
(GFP), and RevNES, in bioassay-directed separation.
The practical assay protocol is as follows. After inducing
the fusion protein of S. pombe in thiamine-free medium
for 24 h at 37 �C, the cells were seeded in 96-well plates
along with test samples in the medium containing 1%
DMSO and incubated at 37 �C for further 3 h. The dis-
tribution of the GST-NLS-GFP-RevNES-fused protein
was monitored by fluorescence microscope. Among
about 200 kinds of extracts of medicinal plants, the
extract of Valerianae Radix (the roots of Valeriana
fauriei Briquet) showed Rev-transport inhibitory
activity. Bioassay-guided separation of the extract dis-
closed valtrate (1),9 an iridoid ester previously obtained
by Thies, as a new Rev-transport inhibitor with moderate
lipophilicity.10 Valtrate (1) completely inhibited the
transport from the nucleus to cytoplasm of the fused
protein of S. pombe at the concentration of 3 mg/mL.

Recently, leptomycin B (2) was shown to link to the
Cys-529 in CRM1 by the a,b-unsaturated lactone moiety
through S–C bond formation.11We clarified that callystatin
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A (3) also binds to CRM1 in the same fashion. Next, we
analyzed the mode of action of valtrate (1) in comparison
with those of 2 and 3. Prior to the comparative analysis,
exploration for a feasible probe was undertaken. During
the course of our study on structure activity relationship
of 3, we found a simplified lead compound 10 with
moderate Rev-transport inhibitory activity (MIC=3.8
mM).12 Consequently, the probes were designed to connect
10 and d-biotin by using amino carboxylic acids as linkers.
In the first instance, two biotinylated probe candidates (12,
13) with linker moieties were synthesized as depicted in
Scheme 1. One linker is commercially available hydro-
chloride of glycine methyl ester (6), and the other (7)
was prepared from methyl 1-hydroxydecanoate (4) in
the following manner. Namely, treatment of 4 with
mesylchloride in the presence of Et3N afforded amesylate,
which was submitted to azidation by NaN3 and
nBu4NBr to give an azide 5. Hydration of 5 by use of
10% Pd/C under H2 atmosphere furnished a hydro-
chloride salt of methyl 10-aminodecanoate 7 in 56%
yield for three steps. Condensation of 6 and d-biotin
with EDCI.HCl, HOBt, and Et3N followed by saponi-
fication with 1N NaOH provided a carboxylic acid 8
quantitatively. The carboxylic acid 8 was coupled with
10 under the same conditions as the condensation of 6
and biotin to furnish a biotinylated probe 12 in 86%
yield. In accordance with this protocol, the other probe
13 was synthesized from 7 via 9. At the same time,
readily accessible biotin conjugate 11 was also prepared.
Assessment of the biological scores of the three probes
revealed that the probe 13 (MIC=1 mM) completely
inhibited Rev-transport with 10-fold more potency than
the other two probes (11, 12; MIC=10 mM). Therefore,
the comparative analysis for the mode of action of valtrate
(1) and callystatin A (3) was conducted by using 13.13

First of all, we examined binding affinity of the bio-
tinylated probe 13 against CRM1.14 SDS-PAGE analysis
through streptavidin–biotin affinity disclosed a char-
acteristic protein band around 100 KDa (lane 2), which
was assignable to CRM1 (Fig. 2). This protein band was
not detected in the absence of 13 (lane 1) or the pre-
treatment with callystatin A (3) (lane 3). Similarly, the
addition of valtrate (1) prior to the inoculation of 13
gave rise to the same behavior as that of 3 (lane 4).
Valtrate (1) is, therefore, presumed to inhibit the Rev-
transport from the nucleus to cytoplasm through direct
binding to the Cys-529 in CRM1.

In order to confirm this presumption and deduce the
reactive site of valtrate (1) with the Cys-529 in CRM1,
reaction of 1 and N-acetyl-cysteine methyl ester (14) was
examined (Fig. 3). Treatment of 1 with 14 in Tris buffer
(pH 7.5) afforded an alcohol 15.15 with concomitant
epoxy ring cleavage as a major reactant. The 1H NMR
spectrum of 15 exhibited the signals [d 2.76 (1H, d,
J=14.0 Hz), d 3.36 (1H, d, J=14.0 Hz)] due to the

Figure 1. Chemical structures of valtrate (1), leptomycin B (2), and
callystatin A (3).

Figure 2. Analysis for the binding of valtrate (1) to CRM1 using bio-
tinylated probe (13).

Scheme 1. Synthesis of biotinylated probe (13) derived from cally-
statin A (3). Reagents and conditions: (a) MsCl, Et3N, toluene, 0 �C
then NaN3,

nBu4NBr, H2O, 60 �C; (b) H2, 10% Pd/C, MeOH–CHCl3
(50:1), two steps 56%; (c) d-biotin, EDCI.HCl, HOBt, Et3N, DMF;
(d) 0.5N aq LiOH, dioxane, two steps quant for 8, quant for 9; (e)
EDCI.HCl, HOBt, Et3N, DMF, 83% for 11, 86% for 12, 84% for 13.
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methylene bearing a sulfur or an oxygen atom instead of
the methylene proton signals [d 2.91 (1H, d, J=5.0 Hz),
d 3.03 (1H, d, J=5.0 Hz)] of the epoxy portion in 1.
Location of the hydroxyl group of 15 was determined
by the isotope effect induced by exchange of an OH
group for an OD group in 13C NMR.16 In comparison
of the 13C NMR spectrum of 15 taken in CD3OH with
that in CD3OD, distinct deuterium shifts were observed
with respect to the four carbon signals (C-7, C-8, C-9,
and C-10) around C-8. In particular, the chemical shift
ascribable to C-8 showed large up-field shift by 0.10
ppm, while the other four carbons were shifted to lower
field by 0.02–0.05 ppm. Consequently, the chemical
structure of the reactant 15 was unambiguously estab-
lished as depicted in Figure 3.

Finally, anti-viral activity of valtrate (1) was assessed by
measurement of HIV-p24 antigen production in the
supernatants of the infected MT-4 cell cultures with a
commercially available HIV-antigen kit.17 Valtrate (1)
showed 44% inhibition on p-24 production at the con-
centration of 0.5 mM without showing any cytotoxicity
against the host MT-4 cells.

In summary, we have elucidated a new Rev-transport
inhibitor from the nucleus to cytoplasm with appro-
priate lipophilicity as medicinal leads, valtrate (1), from
ValerianaeRadix according to bioassay-guided separation
using fission yeast expressing the fusion proteins of
GST-NLS-GFP-RevNES. Furthermore, the biotinylated
probe 13 was synthesized in order to compare the
modes of action between 1 and 3. The analysis of the
binding protein to 1 using 13 and the reactant 15 of 1
with N-acetyl-cystein methyl ester (14) demonstrated
that both 1 and 3 inhibit Rev-transport in the same
fashion. Exploration for synthetic leads having more
potent anti-HIV activity than 1 is in progress in our
laboratory.
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