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ABSTRACT

Established anti-human immunodeficiency virus (HIV) treat-
ments are not always effective or well tolerated, highlighting the
need for further refinement of antiviral drug design and devel-
opment. Given the multitude of molecular targets with which
the anti-HIV agents can interact, studies on the mechanism of
action of newly discovered HIV inhibitors are quite elaborate. In
this article, we describe the use of an efficient reporter system
allowing rapid discrimination between a pre- or post-transcrip-
tional mode of action of anti-HIV compounds based on infec-
tion by a replication competent HIV-1 molecular clone express-
ing the green fluorescent protein as part of the nef multiply
spliced RNA. Using fluorescence microscopy and flow cytom-
etry, this system enabled us to differentiate between com-

pounds acting at a pre- or post-transciptional level of the virus
life cycle. Antiviral activities were determined for four reference
compounds as well as one putative novel HIV inhibitor. The
results obtained were in agreement with the known character-
istics of the reference compounds and revealed that the novel
compound interfered with a target before or overlapping with
HIV transcription. We showed that during a single replication
cycle, compounds inhibiting a molecular target occurring be-
fore or coinciding with HIV transcription suppressed GFP ex-
pression, whereas compounds interfering at a later stage (such
as protease inhibitors, which act after transcription) did not
inhibit GFP expression. This GFP-based reporter system is
adaptable for high-throughput screening.

The introduction of potent combinations of antiviral drugs,
referred to as highly active antiretroviral therapy (HAART),
is a major breakthrough in the treatment of HIV infections.
Twenty compounds have been formally approved for the
treatment of human immunodeficiency virus (HIV) infec-
tions: 1) the nucleoside reverse transcriptase inhibitors
(NRTIs) zidovudine, didanosine, zalcitabine, stavudine, lami-
vudine, abacavir, and emtricitabine; 2) the nucleotide reverse
transcriptase inhibitor tenofovir disoproxil fumarate; 3) the
non-nucleoside reverse transcriptase inhibitors (NNRTIs)
nevirapine, delavirdine, and efavirenz; 4) the protease inhib-
itors saquinavir, ritonavir, indinavir, nelfinavir, amprenavir,
lopinavir, and atazanavir, and 5) the viral entry inhibitor
enfuvirtide (for review, see De Clercq, 2002). However,
HAART is not able to eradicate HIV from treated patients.

This work was funded by Geconcerteerde Onderzoeksacties grant 2000/12.
D.D. acknowledges a Return grant from the Belgian Office for Scientific,
Technical and Cultural Affairs.

Article, publication date, and citation information can be found at
http://molpharm.aspetjournals.org.

doi:10.1124/mol.104.010249.

Drug resistance is a major cause of concern in patients who
do not experience complete shutdown of virus replication
under HAART. Because of the continuously increasing num-
ber of viruses resistant to therapy (Lazzari et al., 2004), the
search for new anti-HIV drugs will remain necessary. The
development of anti-HIV compounds continues to be very
active, and many lead compounds still emerge from initial
antiviral screens. Given the large number of molecular tar-
gets with which anti-HIV agents can interfere, the investi-
gation of mechanism of action of newly discovered anti-HIV
compounds identified through high-throughput screening
procedures is often elaborate. We seek to develop rapid and
efficient methods that allow the identification of the step in
the virus replicative cycle affected by a specific compound.
We established a reporter assay using a molecular clone that
expresses the GFP reporter protein from multiply spliced
RNA.

HIV produces three subsets of mRNA: the small multiply
spliced species encoding for regulatory and accessory pro-
teins; the partially spliced mRNAs encoding mainly Vpu and

ABBREVIATIONS: HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; NRTI, nucleoside reverse transcriptase
inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; GFP, green fluorescent protein; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-

razolium bromide; DS, dextran sulfate.
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Env; and the unspliced mRNA, which encodes Gag and Gag-
Pol polyproteins and also serves as the viral genome encap-
sidated in two copies into the viral particle. Control of RNA
expression is complex and involves the interplay of cis-acting
elements with viral transactivators and several cellular pro-
teins. In a first phase of HIV transcription, only multiply
spliced mRNAs are expressed in the cytoplasm to produce
Tat, Rev, and Nef proteins. Tat augments levels of viral RNA
transcripts by increasing transcriptional elongation (Fein-
berg et al., 1991) and functions through interaction with a
cis-acting RNA sequence, the transactivation responsive el-
ement, located at the 5’ end of all viral transcripts (Rosen et
al., 1985). Rev is required for efficient transport and expres-
sion of the unspliced and partially spliced mRNAs expressing
the structural and accessory proteins Gag, Pol, Vif, Vpr, Vpu,
and Env (Felber et al., 1989; Malim et al., 1989). Rev inter-
acts directly with a distinct RNA element, termed the Rev-
responsive element (RRE), within the env coding region,
which is present in the unspliced and partially spliced
mRNAs (Hadzopoulou-Cladaras et al., 1989).

The development and characterization of new antiviral
agents depends on appropriate screening assays. A rapid and
automated tetrazolium-based colorimetric assay or scoring
for cytopathogenicity caused by the virus are most frequently
used as massive screening tools to identify compounds with
anti-HIV activity (Pauwels et al., 1988; Schols et al., 1988;
Nakashima et al., 1989). A fluorometric assay based on the
expression of GFP to analyze HIV reactivation from latency
and to screen for inhibitors of the HIV-1 transcription has
been described previously (Kutsch et al., 2002, 2004). The
development of rapid and efficient screening assays to ana-
lyze the mode of function of many lead compounds is impor-
tant for swift progress in the discovery of better drugs. Mo-
lecular clones of HIV-1 and SIV expressing the GFP have
been reported (Lee et al., 1997; Alexander et al., 1999; Page
et al., 1999). In this study, we use a replication-competent
recombinant molecular clone of HIV-1 expressing GFP allow-
ing a contribution to the rapid identification of the viral
target of newly discovered inhibitors. The assay was vali-
dated with reference compounds and WM-12 (Fig. 1), one of a
series of 6-aminoquinolone derivatives recently shown to ex-
hibit potent anti-HIV activity (Tabarrini et al., 2004). We
show that this method is able to discriminate between inhib-
itors acting at the pre- or post-transcriptional level. Further-
more, we provide evidence that WM-12 is inhibiting HIV
replication by interfering with a transcriptional event. This
GFP- based assay to characterize antiviral mechanism of
action is rapid, reliable, sensitive, and efficient and thus
accelerates the evaluation of new drug candidates.
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Fig. 1. Structure of WM-12
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Materials and Methods

Compounds. Dextran sulfate (DS; average molecular weight,
5000) was purchased from Sigma (Bornem, Belgium). Nevirapine
was obtained from Boehringer Ingelheim (Ridgefield, CN). 3'-Azido-
3’-deoxythymidine (zidovudine) was synthesized according to the
method described by Horwitz et al. (1964). Ritonavir (ABT538) was
obtained from Abbott Laboratories (Abbott Park, IL.). L-708,906 was
a kind gift from Dr. D. Hazuda (Merck, Whitehouse Station, NJ)
(Hazuda et al., 2000). WM-12 was synthesized and kindly supplied
by O. Tabarrini and A. Fravolini (Perugia, Italy).

Cells and Virus. MT-4 (Miyoshi et al., 1981), C8166 (Salahuddin
et al., 1983), and CEM (Foley et al., 1965) cells were grown and
maintained in RPMI 1640 medium supplemented with 10% heat-
inactivated fetal calf serum, 2 mM L-glutamine, 0.1% sodium bicar-
bonate, and 20 pg/ml gentamicin.

The HIV-1(IIIp) strain was provided by R. C. Gallo (University of
Maryland, Baltimore, MD) and M. Popovic (Johns Hopkins Univer-
sity, Baltimore, MD) (Popovic et al., 1984). The NL4-3.GFP11 strain
expressing an enhanced version of GFP (Stauber et al., 1998) instead
of Nef has been described previously (Valentin et al., 1998). For all
tests described, NL4-3.GFP11 virus was obtained from transfection
of 293T cells with the molecular clone. Then, 1 ml of virus containing
supernatant was used to infect 8 X 10% MT-4 cells in 40 ml of culture
medium. Three days after infection, supernatant was collected and
used as viral input in the respective assays.

In Vitro Antiviral Assays. Evaluation of the antiviral activity of
the compounds against HIV-1 strain III; in MT-4 cells was per-
formed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay as described previously (Pauwels et al.,
1988). Stock solutions (final concentration, 10X) of test compounds
were added in 25-ul volumes to two series of triplicate wells to allow
simultaneous evaluation of their effects on mock- and HIV-infected
cells at the beginning of each experiment. Serial 5-fold dilutions of
test compounds were made directly in flat-bottomed 96-well micro-
titer trays using a Biomek 2000 robot (Beckman Coulter, Fullerton,
CA). Untreated HIV- and mock-infected cell samples were included
as control samples. HIV-1(I1Iy) (Popovic et al., 1984) stock (50 ul) at
100 to 300 CCIDy, (50% cell culture infectious doses) or culture
medium was added to either the infected or mock-infected wells of
the microtiter tray. Mock-infected cells were used to evaluate the
effects of test compound on uninfected cells to assess the cytotoxicity
of the test compounds. Exponentially growing MT-4 cells (Miyoshi et
al., 1981) were centrifuged for 5 min at 1000 rpm, and the superna-
tant was discarded. The MT-4 cells were resuspended at 6 X 10°
cells/ml, and 50-ul volumes were transferred to the microtiter tray
wells. Five days after infection, the viability of mock-and HIV-in-
fected cells was examined spectrophotometrically using the MTT
assay. The MTT assay is based on the reduction of yellow MTT (Acros
Organics, Geel, Belgium) by mitochondrial dehydrogenase of meta-
bolically active cells to a blue-purple formazan that can be measured
spectrophotometrically. The absorbances were read in an eight-chan-
nel, computer-controlled photometer (Multiscan Ascent Reader; Lab-
systems, Helsinki, Finland), at two wavelengths (540 and 690 nm).
All data were calculated using the median optical density value of
three wells. The 50% cytotoxic concentration (CCs,) was defined as
the concentration of the test compound that reduced the absorbance
(Ag,) of the mock-infected control sample by 50%. The concentration
achieving 50% protection against the cytopathic effect of the virus in
infected cells was defined as the 50% effective concentration (EC;).

Evaluation of the antiviral activity of the compounds against
NL4-3.GFP11 in C8166 cells was performed using flow cytometry
(see Flow Cytometry). HIV-1 core antigen (p24 Ag) in the superna-
tant was analyzed by the p24 Ag enzyme-linked immunosorbent
assay (PerkinElmer Life and Analytical Sciences, Brussels, Bel-
gium).

Flow Cytometry. Flow cytometric analysis was performed on a
FACSCalibur flow cytometer equipped with a 488-nm argon-ion la-
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Fig. 2. Schematic diagram showing the recombinant NL4.3 genome with an insertion of the gfp gene in the nef open reading frame.

ser and a 530/30 nm bandpass filter (FL1; detection of GFP-associ-
ated fluorescence; BD Biosciences, San Jose, CA). Before acquisition,
cells were pelleted at 1000 rpm for 10 min and fixed in 3% parafor-
maldehyde solution. Acquisition was stopped when 10,000 events
were counted. Data analysis was carried out with Cell Quest soft-
ware (BD Biosciences). Cell debris was excluded from the analysis by
gating on forward versus side scatter dot plots.

Microscopy. Cells were imaged in culture medium through a
Zeiss Axiovert 40 CFL inverted microscope through a LD A-Plan
20%/0.30 numerical aperture objective using a Canon Powershot G5
camera (Canon, Tokyo, Japan). GFP fluorescence was detected using
a filter set with bandpass at 450 to 490 nm for excitation and long
pass at 515 nm for emission.

Time-of-Addition Experiments. Time-of-addition experiments
were adapted from the method described by Pauwels et al. (1990). In
brief, C8166 cells were infected with NL4-3.GFP11 (222,612 pg/ml).
After a 1-h adsorption period, cells were distributed in a 96-well tray
at 45,000 cells/well and incubated at 37°C. Test compounds were
added at different times (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 24, and 25 h) after
infection. Dextran sulfate was used at 100 ug/ml, nevirapine at 2
ng/ml, zidovudine at 0.5 pg/ml, 1.708,906 at 70 pug/ml, and WM-12 at
15 pg/ml. The number of GFP-expressing cells was monitored by
FACS analysis at 30 h after infection.

Results

Growth Kinetics of the Recombinant NL4-3.GFP11
in Different Cell Lines. To analyze the mode of function of
potential anti-HIV drugs, we used a reporter virus based on
a replication-competent HIV-1 molecular clone (NL4-3)
tagged with an enhanced mutant form of the green fluores-
cent protein (GFP11) (Palm et al., 1997; Stauber et al., 1998).
In this clone the nef gene in the proviral plasmid NL4-3
(Adachi et al., 1986) was replaced with the GFP11 coding
sequence (Fig. 2). Therefore, GFP is expressed from the nef
multiply spliced viral mRNAs. Recombinant virus derived
from this molecular clone was produced in 293T cells. It

C8166

uninfected
S

. UCE,
S

ﬁl.

e
- g;—'\!.

replicated well in C8166 and MT-4 cells and transduced the
GEFP gene to the host cells. Infected cells fluoresced brightly
when measured by flow cytometry or fluorescence microscopy
(Fig. 3), providing a direct and quantitative marker for HIV-1
infection in individual live cells.

The recombinant virus NL4-3.GFP11 was propagated in
MT-4 cells and was subsequently tested for growth charac-
teristics in different cell lines. MT-4, C8166, and CEM cells
were infected with different amounts of virus, and the num-
ber of infected cells expressing GFP was determined over a
period of 5 days (Fig. 4). Different growth kinetics were
measured in different cell lines. The recombinant NL4-
3.GFP11 replicated best in C8166 cells followed by replica-
tion in MT-4 cells, whereas the number of GFP-expressing
CEM cells was much lower. The reason for the lower repli-
cation efficiency of NL4-3.GFP11 in CEM cells remains un-
known. We therefore decided to use C8166 for further mech-
anism of action studies.

NL4-3.GFP11 for the Detection of Novel Anti-HIV
Compounds. On the basis of quantitative assessment of the
GFP expression of the recombinant virus, we established a
detection system for the evaluation of HIV antiviral activi-
ties. The GFP-based antiviral assay was compared with the
conventional tetrazolium-based colorimetric assay (Pauwels
et al., 1988). To this end, a number of anti-HIV inhibitors
were tested for their antiviral effects against NL4-3.GFP11.
The human T cells C8166 were infected with NL4-3.GFP11
in the presence of inhibitors of HIV replication; 3 days after
infection, both p24 production in the supernatant and the
number of GFP expressing cells were assessed. The well
characterized HIV inhibitors nevirapine L-708,906 (Hazuda
et al., 2000), and ritonavir were used in these model studies.
Each of the compounds caused a strong reduction in the
number of GFP expressing cells compared with the untreated

MT-4
infected

uninfected

Fig. 3. Infection of MT-4 and C8166 cells by NL4-3.GFP11 as visualized by light microscopy (upper) and fluorescence microscopy (lower).
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Fig. 4. Kinetics of viral replication in different cell lines. MT-4, C8166, and CEM cells were infected with different amounts of NL4-3.GFP11, and
GFP-expressing cells were monitored by flow cytometry at different times after infection.
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Comparison of activities of reference compounds in the different assays
ECj
Compound CCs”
MTT Assay GFP Expression Assay p24 Production Assay
ug/ml pg/ml
Nevirapine 0.014 = 0.006 0.028 = 0.005 0.008 = 0.002 >4
1.-708,906 2.01 = 1.63 0.98 = 0.08 0.93 = 0.24 =27.7
WM-12 0.27 £ 0.14 0.27 = 0.04 0.11 = 0.06 3.83 £ 0.98
Ritonavir 0.04 = 0.02 0.02 = 0.01 0.015 = 0.004 >20

“ Toxicity was determined in parallel using the MTT assay.
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infected control cells (Fig. 5). This reduction correlated well
with the decrease in soluble p24 production. Furthermore,
the calculated IC;, values for the reference compounds in
this GFP-based assay were similar to those obtained by a
previously established tetrazolium-based colorimetric assay
(Pauwels et al., 1988) (Table 1). Therefore, this GFP-based
assay was a reliable assay for the detection of anti-HIV
drugs.

We next evaluated the anti-HIV activity of WM-12 (Tabar-
rini et al., 2004). WM-12 is one of a series of 6-aminoquin-
olone derivatives that has been recently shown to inhibit HIV
replication in MT-4, CEM cells, and peripheral blood mono-
nuclear cells. However its exact antiviral mechanism of ac-
tion has not been fully elucidated. Treatment of NL4-
3.GFP11-infected C8166 cells with WM-12 resulted in a
decrease in the level of GFP expression (Fig. 5C). The ob-
served inhibitory effect was concentration-dependent. At 0.4
and 2 pug/ml, WM-12 decreased the number of GFP-express-
ing cells by 56% and 96%, respectively; at the latter concen-
tration, however, only 40% of the cells were viable. The
number of GFP-expressing cells correlated well with the
amount of soluble p24 in the cell supernatant, indicating that
GFP-expression is a good measure of virus production.

Determination of the Step in the Virus Cycle Af-
fected by the Action of New Anti-HIV Drugs. In NL4-
3.GFP11, the gfp gene is expressed from the multiply spliced
nef mRNAs. Therefore, GFP expression from this clone en-
abled us to determine whether an inhibitor interferes with a
target before or after the expression of multiply spliced
mRNA. To study the effect of the well characterized HIV
inhibitors on the GFP expression during a single round of
infection, C8166 cells were infected with NL4-3.GFP11 in the
presence of inhibitors of the viral entry (DS5000), reverse
transcription (nevirapine), integration (L.-708,906), or pro-
tease cleavage (ritonavir). Cells were harvested 24 h after
infection (time required for a single round of replication), and
the number of GFP-expressing cells was monitored by flow
cytometry (Fig. 6). Toxicity of the compounds was assessed
from forward versus side-scatter dot plots. Cell debris was
excluded from the analysis by gating on forward versus side-
scatter dot plots (R1). As expected, DS5000 (0.57%), nevirap-
ine (1.70%), and L-708,906 (3.00%) caused a dramatic de-
crease in GFP-expressing cells compared with untreated
control cells (9.30% GFP expressing cells). In contrast, in
cultures treated with ritonavir, the number of GFP-express-
ing cells (9.19%) was comparable with that of the untreated
control cells. These results are consistent with the conclusion
that, in a single infection round, inhibitors interfering with a
viral target occurring before the expression of multiply
spliced mRNA inhibit the expression of GFP, whereas drugs
interfering with a target functioning after the expression of
multiply spliced RNA (e.g., protease) do not inhibit GFP
expression. Therefore, this assay should be suitable for the
rapid determination of mechanism of action of new anti-HIV
inhibitors. In fact, when WM-12 was evaluated in the assay
(Fig. 6), it behaved like DS5000, nevirapine, and L.-708,906 in
that it inhibited the expression of GFP, thus pointing to a
target situated before the expression of multiply spliced
RNA.

Determination of Target of Action of Anti-HIV
Drugs. To more accurately pinpoint which target along the
HIV replicative cycle is affected by candidate drugs, a time-

of-addition experiment was set up (Fig. 7). The cells were
infected at high multiplicity of infection, and the compounds
were added at 1, 2, 3, and 9 h after infection; GFP expression
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Fig. 6. Determination of pre- or post-transcriptional mechanism of action
of new anti-HIV drugs. Cells were infected with NL4-3.GFP11 (222,612
pg/ml). Twenty-four hours after infection, cells were analyzed for GFP
expression as marker for infection by flow cytometry. Levels of GFP
expression were then quantified by flow-cytometric analysis.



was measured by flow cytometry at 30 h after infection.
Depending on the target of drug action, addition of the com-
pounds could be delayed for a certain number of hours char-
acteristic for each compound without loss of antiviral activ-
ity. Dextran sulfate, which interacts with virus adsorption
(Baba et al., 1988; Mitsuya et al., 1988), must be added
together with the virus (= 0 h) to be active; addition at 1 h or
later after infection did not block viral replication because
adsorption had already occurred at this time. For zidovudine
and nevirapine, the addition could be delayed for approxi-
mately 5 h. Addition of L-708,906 could be postponed for 6 to
8 h before an increase of the number of infected cells could be
detected (Fig. 7). This time is accepted to coincide with the
last step of the HIV integration event, namely strand trans-
fer (Pannecouque et al., 2002). Addition of WM-12 can be
postponed even longer, suggesting a target of interaction
happening later than the integration process. We show that
the developed assay can be easily adapted to accurately pin-
point the site of interaction of candidate HIV inhibitors.

Discussion

The increasing number of HIV-1 strains resistant to the
current antiretroviral drugs necessitates the development of
new drugs and hence new and rapid evaluation assays.
Herein, we report the successful use of a recombinant HIV
molecular clone expressing GFP for the discrimination be-
tween a pre- or post-transcriptional antiviral mechanism of
action. We showed that GFP production was strictly propor-
tional to virus replication and could be successfully used as a
measure for virus production in antiviral screening assays.
Viral replication was detected by fluorescence microscopy
and quantified by flow cytometry. Advantages of the GFP-
based antiviral assay are the simplicity of handling, the ease
and reliability of quantification, and the rapid testing. The
well characterized HIV inhibitors dextran sulfate, nevirap-
ine, 1.-708,906 (Hazuda et al., 2000), and ritonavir efficiently
inhibited viral replication from NL4-3.GFP11-infected C8166
cells as measured by GFP expression and p24 Gag enzyme-
linked immunosorbent assay. The 50% effective concentra-
tion (IC4,) data resulting from GFP expression analyses were
similar to IC;, values from a previously established tetrazo-
lium-based colorimetric assay (Pauwels et al., 1988). In ad-
dition, GFP expression correlated well with p24 production,
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suggesting that GFP expression is a reliable measure for HIV
replication (Table 1).

In NL4-3.GFP11, the nef gene is replaced by gfp, which is
consequently expressed form multiply spliced RNA. Similar
constructs have been described previously (Lee et al., 1997;
Page et al., 1997). Therefore, in a single round of infection,
inhibitors of the viral replication acting at a stage occurring
before the expression of multiply spliced viral RNA (e.g.,
virus binding, reverse transcription, integration, or tran-
scription) will actively suppress GFP expression. Inhibitors
interfering with a target acting after the expression of mul-
tiply spliced viral RNA will not inhibit GFP expression. This
was evident from our experiments with well established HIV
inhibitors. Dextran sulfate, nevirapine, and 1.-708,906 (Ha-
zuda et al., 2000) inhibited GFP expression from cells in-
fected with NL4-3.GFP11 and analyzed for GFP expression 1
day after infection. The protease inhibitor ritonavir did not
inhibit GFP expression compared with the untreated control
cells. This is consistent with the fact that protease inhibitors
act after viral RNA expression.

To determine more specifically at which stage of the HIV
replication cycle a compound interferes, we performed time-
of-addition experiments. Cells were infected at high virus
multiplicity of infection to ensure that the virus replicative
steps would be synchronized in the whole cell population, and
the compounds were added with time lags of up to 9 h after
infection. Depending on the stage of interaction, addition of
compounds could be delayed for a specific number of hours
without loss of antiviral activity. For example, addition of the
NNRTI nevirapine could be delayed until 5 h after infection.

Therefore, using this simple and rapid GFP-based assay,
we are able to rapidly determine whether candidate HIV
inhibitors act before or after transcription. Using the time of
addition method, this assay allows a more precise identifica-
tion of the step in virus cycle affected by a drug. Therefore,
we propose that this assay can streamline the characteriza-
tion of the mode of action of many new candidate compounds
against HIV.

In C8166 cells, 0.4 pg/ml WM-12 down-regulated HIV ex-
pression by more than 60%, as measured by GFP fluores-
cence levels and p24 Gag enzyme-linked immunosorbent as-
say, without any apparent toxicity (Fig. 5). WM-12 is one of a
series of 6-aminoquinolone derivatives that has been recently
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shown to inhibit HIV replication in MT-4, CEM cells, and
peripheral blood mononuclear cells (Tabarrini et al., 2004).
Time-of-addition experiments suggest that these molecules
inhibit the HIV long terminal repeat-driven transcription. In
fact, other quinolone derivatives have been demonstrated to
inhibit the HIV transcription process (Baba et al., 1997,
1998; Witvrouw et al., 1998; Okamoto et al., 2000; Parolin et
al., 2003; Richter et al., 2004a,b). Using this newly developed
assay, we could establish that WM-12 inhibits the HIV rep-
lication by interfering with a target coinciding with the HIV
transcription process (Fig. 6 and 7).
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