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ABSTRACT: The biologically relevant and active form of human immunodeficiency virus reverse transcriptase

is a heterodimer produced in a two-step dimerization process. Dimerization involves first the rapid
association of the two subunits, followed by a slow conformational change yielding a fully active form.

In the present study, we demonstrate that the interaction between the thumb domain of p51 and the RNase-H
domain of p66 plays a major role in an essential conformational change required for proper folding of the
primer/template and the tRNA-binding site, for maturation and for activation of heterodimeric reverse
transcriptase. A synthetic peptide derived from the sequence within the thumb domain of p51, which
forms the interface with the RNase-H domains of p66, binds heterodimeric reverse transcriptase with an
apparent dissociation constant in the nanomolar range and selectively inhibits activation of heterodimeric
reverse transcriptase with an inhibition constant ofildV2 A detailed study of the mechanism of inhibition
reveals that this peptide does not require dissociation of heterodimeric RT for efficient inhibition and
does not affect subunit association, but interferes with the conformational change required for activation
of heterodimeric reverse transcriptase, resulting in a decrease in the affinity of reverse transcriptase for
the tRNA and an increase in the stability of the primer/template/reverse transcriptase complex. We have
previously proposed that the dimeric nature of reverse transcriptase represents an interesting target for
the design of antiviral agents. On the basis of this work, we propose that the conformational changes
involved in the activation of reverse transcriptase similarly represent an important target for the design of
novel antiviral compounds.

Reverse transcriptase (RTis a key enzyme in the life  nucleoside triphosphateld). The p66 subunit consists of
cycle of the human immunodeficiency virus (HIV), which five distinct subdomains, four of which, termed fingers, palm,
is responsible for the conversion of single-stranded genomicthumb, and connection, form the polymerase domain and
RNA into double-stranded DNA1( 2). As such, RT the additional RNase-H domain. The p51 subunit only
constitutes one of the main targets for chemotherapy againstcomprises the four subdomains of the polymerase domain,
HIV. However, most of the inhibitors that have been with individual structures which are similar to those in the
developed until now are only directed against the polymerasecorresponding domain of p66, but with a significantly
domain of HIV-1 RT, such as chain terminator nucleoside different orientation relative to one anothé; 0).

analogues or nonnucleoside inhibitoBs-G). We have shown previously that the formation of the active
_ The biologically relevant form of HIV-1 and HIV-2 RT  heterodimeric form of HIV-1 and HIV-2 RT occurs in a two-

is a heterodimer consisting of two polypeptides of_ molec_ular step process, involving a first contact between the two
mass of 66 kDa (p66) and 51 kDa (pS1), p51 being derived g,pnjts, which yields an intermediate inactive heterodimeric

from p66 by proteolytic cleavage of its C-terminal domain gt followed by a slow conformational change essential for
(6, 7). The structure of HIV-1 RT has been solved in different ., mpjete activation of RT14). The dimer interface is largely

states: unliganded or complexed with nonnucleoside inhibi- yominated by hydrophobic interactions between the two
tors, with adouble—strgnded DNB{-lZ) and, more recently,  .5nnection subdomaind4—16), involving a central tryp-
covalently trapped with template/primer DNA and deoxy- tophan repeat motif highly conserved in HIV isolatds,(
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Structural analysis of HIV-1 RT has shown that the thumb
domain constitutes one of the most flexible parts of HIV-1
RT and that in p66 it can adopt different positions relative
to the fingers domain in the “open” or “closed” conformation
of RT (9, 11). The thumb domain of p66 is involved in
interactions with the minor groove of the primer/template

Morris et al.

penultimate nucleotide at the-8nd of the primer oligo-
nucleotide 14). Primer and template oligonucleotides were
annealed by heating equimolar amounts in annealing buffer
for 5 min at 90°C, followed by cooling to room temperature
over 1 h in awater bath.

RT Polymerase Assalolymerase activity was measured

and may mediate translocation of the enzyme along thein a standard assay using poly(F&JT);s as a primer/template

template (3). Moreover, cross-linking, mutagenic, and

as described previously2%). The RT preparation used

structural studies have revealed that the thumb domain ofpresented a specific activity of about 10 000 units/mg where

p66 is involved, at least in part, in the tRNZ binding
site 21—24). In contrast, the role of the thumb domain of

1 unit of enzyme catalyzes the incorporation of 1 nmol of
TMP in 10 min at 37°C into acid insoluble material.

p5S1 remains elusive, although it has been proposed to be  Fyorescence Experimenluorescence experiments were

involved in stabilization of the heterodimet4) and in the
tRNA binding site 21).

An interesting feature of HIV-1 RT is that the dimeric
form of the enzyme is absolutely required for all enzymatic
activities 5—28). We have demonstrated that dimerization
of RT constitutes an interesting target for AIDS chemo-

performed at 25C using a PTI spectrofluorimeter with a
band-pass of 2 and 8 nm for excitation and emission,
respectively. The fluorescence emission of RT was measured
in a total volume of 0.7 mL of fluorescence buffer containing
50 mM Tris-HCI (pH 8.0),10 mM MgGCJ 50 mM KCI, and

1 mM DTT, and 10% glycerol added to increase the stability

therapy (9, 20, 25). In the present work, to further of the protein. Binding of peptides and of tRNA was
understand the mechanism of RT activation, we have monitored by following changes in the intrinsic Trp-
investigated the role of the thumb domain of p51 in the fluorescence of RT. Excitation was performed at 290 nm
dimerization of HIV-1 RT. We have designed peptides and emission fluorescence was recorded at 340 nm. Binding
derived from the sequence of the thumb domain of p51 of fluorescently labeled primer/template withfRiorescently
located at the interface with the RNase H domain of p66. |abeled FAM-primer/template was measured by recording
Using kinetic and fluorescence methods to characterize thefluorescence emission at 515 nm, following excitation at 492
binding of these peptides to RT as well as their effect on nm, Binding of mansyl-labeled primer was monitored at 440
the dimerization process, we have shown that these peptidesim upon excitation at 350 nm. Data were analyzed with a
can block activation of RT in vitro, by preventing an essential quadratic equation using the Grafit program (Erathicus

conformational change, which folds the binding site of both
the primer/template and the tRNA properly during matura-
tion.

EXPERIMENTAL PROCEDURES

Materials. Acetonitrile (gradient grade) was purchased
from Merck andBPHldTTP from Amersham Corp. tRNA"
was obtained from Sigma.

Enzyme PreparationRecombinant HIV-1gyi0 RT was
expressed inEscherichia coliand purified as described
previously £6). A highly homogeneous preparation of the

Software) as already describeti( 32).

Size-Exclusion HPLCChromatography was performed
using two HPLC columns in series (Bio-Rad TSK 250
followed by Bio-Rad TSK 125 both 7.% 300 mm) as
previously described25). Samples containing-510 ug of
protein were applied and eluted with 200 mM potassium
phosphate pH 6.8 at a flow rate of 0.8 mL/min.

RT Dimerization KineticsComplete dissociation of het-
erodimeric HIV-1 RT was achieved by 20 min of incubation
in fluorescence buffer containing 17% acetonitrile. Associa-
tion of the two subunits was then initiated by a 12-fold

heterodimeric form of the enzyme resulting from coexpres- dilution of the sample in an acetonitrile-free fluorescence

tration was routinely determined by Bradfor@9} using a
gravimetrically prepared solution of RT as a standard.

Peptide SynthesiPeptides were synthesized by solid-

phase peptide synthesis using AEDI-Expensin resin with a

9050 pep-synthesizer (Millipore U.K.), according to the
Fmoc/tBu method 30). Peptides were purified by semi-

preparative HPLC using an acetonitrile gradient in 0.1% TFA

All experiments were performed at 2& with an enzyme
concentration of 20 and2M for dissociation and association
experiments, respectively. Establishment of the dimerization
equilibrium was followed in a time-dependent manner using
intrinsic fluorescence, size-exclusion HPLC, and by monitor-
ing the polymerase activity of the enzymi4( 25).

RESULTS

and identified by amino acid analysis and electrospray mass
spectroscopy. To increase their stability, both peptides were  peptide DesignWe have demonstrated that the dimer-
prepared with an acetylated-N-terminus and a cysteamidejzation mechanism of HIV-1 and HIV-2 RTs is a two-step

group at their C-terminus3().
Oligonucleotides A 18/36-mer oligonucleotide primer/

process which corresponds to a first interaction between the
two connection subdomains of p66 and p51, generating an

template was routinely used with the nucleotide sequenceinactive dimeric form of RT. Full activation occurs during a

S-TCCCTGTTCGGGCGCCAC-for the primer strand and
S-TGTGGAAAATCTCATGCAGTGGCGCCCGAACAGG-

subsequent slow conformational change involving different
structural domains of both subunits which are not yet well-

GA-? for the template strand, which corresponds to the defined (L4). On the basis of the crystallographic structures

sequence of the natural primer binding site from HIV-1 RT
(31). Fluorescently labeled DNA primer was synthesized with
either 6-FAM, a fluorescein derivative, at theénd of the

of HIV-1 RT (8—13), we propose that the thumb domain of
p51 could be directly involved in the maturation of RT by
interacting with the RNase-H domain of p66. One of the

primer oligonucleotide, or a mansyl-group introduced at the main contacts between the two subunits corresponds to a
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Pep-A Pep-B

Ficure 1: Location of Pep-A and Pep-B in the structure of heterodimeric HIV-1 RT. (A) Structure of HIV-1 RT as revealed by X-ray
crystallography (8 13), p66 and p51 subunits are in green and red respectively; the structures of peptide A and peptide B are in white and
blue, respectively. (B) Sequence alignments of the thumb domain region of RT (residue31Z84n different isolates of HIV-1, HIV-2

and SIV. The position in the sequence of the peptides is referred to as in the BH10 isolate, conserved residues and conservative changes
are reported in red and green, respectively.

structural motif located between amino acids 2800 in A B
the thumb domain of p51 and which includes two helices
al and aJ (Figure 1A). Sequence alignment of this region
reveals a consensus motif which is extremely well conserved =
in the different isolates of HIV-1 and HIV-2, as well as in
SIV (Figure 1B), suggesting that this domain is required for
the integrity of RTs. Two different peptides of 17 residues
derived from this region were synthesized. The first peptide
(Pep-A) corresponds to the sequence between residues 284
300 (RGTKALTEVIPLTEEAE) which is the end of helix
al, the loop connecting heliced andaJ and a part of helix I L L L L T— L
aJ. The second peptide (Pep-B) derives from amino acids ° ° ' % 2 0 5 101520 2
301-317 (LELAENREILKEPVHGV) and corresponds to Time (min) Time (min)
the helixad (Figure 1A). FIGLlJRE 2: Stability of heterodimertic I;IV—%j RT rr?onilgored by size-

; il ; i-atinn €xclusion HPLCHIV-1 RT was incubated in the absence (A) or

Effect of the Peptides on the Stabll_lty and the Dlme_r|_zat|on in the presence of 100M of Pep-A for 30 min (B). The sar(np)le
of HIV'l_ RT:The effect of both pepudes on th.e stability ,Of containing 5-10ug of protein was then analyzed by size-exclusion
heterodimeric HIV-1 RT was monitored by size-exclusion chromatography as described in the Experimental Procedures.
HLPC. Recombinant HIV-1 RT used in this study was fully
dimeric and therefore eluted in a single peak at 13.3 min polymerase activity assay. As shown in Figure 3A, dimer
(Figure 2A). When preincubated with 1QM of Pep-A, formation was not significantly affected by the presence of
about 80% of RT remained dimeric and two peaks corre- either Pep-A or Pep-B, with an association rate of 2.5
sponding to p66 and p51 subunits eluted, respectively, at10* M~1 s71, similar to the values already reported in the
15.7 and 16.5 min (Figure 2B). In the presence of Pep-B absence of peptide&fs= 2.1 x 10* M~1 571 (14)]. These
(100uM), the stability of HIV-1 RT was not affected (data results indicate that neither peptide can prevent RT dimer-
not shown). ization.

To define whether the peptides derived from the thumb  In contrast, as reported in Figure 3B, the rate of activation
domain could block dimerization of HIV-1 RT, the kinetics of heterodimeric RT was dramatically reduced in the
of RT dimerization were measured in the presence of 10 presence of pep-A (1@M), from 0.14 h! to 0.022 h.
uM of either peptide (Figure 3). Dissociation of RT was Moreover, after 50 h less than 20% of heterodimeric HIV-1
performed at 25C using 17% acetonitrile and association RT was fully active in the presence of Pep-A. The percentage
of the subunits was then induced by a 12-fold dilution of of inactive RT measured was directly dependent on the
the sample in an acetonitrile-free buffer. At this concentration concentration of Pep-A. Total inhibition of heterodimeric RT
of acetonitrile, no dissociated RT could be detected (data maturation was observed at a concentration ofu®0 of
not shown). Monomer/monomer association was monitored Pep-A (Figure 3C). Analysis of the titration curve yielded
by both size-exclusion HPLC and maturation of RT in a an apparent dissociation constant value of M2 for Pep-

m

Abs at 280
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FIGURE 4: Binding titration curves of peptides A and B to HIV-1
B B e RT. Binding of peptides A and B was measured as the quenching
B of intrinsic fluorescence of RT at 340 nm upon excitation at 290
nm. A fixed concentration of 40 nM of RT saturated (open symbols)
or not (closed symbols) with 200 nM of primer/template, was
titrated with increasing concentrations of Pep<A®) and peptide
B (A,A). Curves were fitted with a quadratic equation and best fits
yield Kq4 values of 90 nM and 1200 nM, respectively for Pep-A in
the absence or in the presence of primer/template.

Time (h)
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80
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40 was also dependent on the concentration of Pep-B (Figure

3C), but we were unable to obtain complete inhibition of
RT maturation. Even at the highest concentration used (300
uM), 40% of the dimeric form of RT was still active. The
appareni, value for Pep-B was estimated to B¥. From
these data, we concluded that both peptides were inhibiting
Time (h) maturation of RT. Moreover, no additive effect was observed
when an equimolar mix of Pep-A and Pep-B was used,
indicating that the two peptides target the same binding
domain on RT (data not shown).

Binding of the Peptides to the Dimeric Form of Rio
further understand the maturation of heterodimeric HIV-1
RT, we investigated if the peptides described above could
interact with the dimeric form of HIV-1 RT. As both peptides
are devoid of tryptophan (Trp) residues, their binding to RT
was monitored using the intrinsic Trp-fluorescence of RT.
The binding of Pep-A to the dimeric form of HIV-1 RT
induced a 30% quenching of the intrinsic fluorescence of
RT. Binding titration curves revealed that only one molecule
0 20 0 60 80 100 of Pep-A bound heterodimeric RT with a very high affinity

Peptide [uM] of 90+ 8 nm (Figure 4). When RT was first §e}turated with
a DNA primer/template (18/36 mer), the affinity of RT for

E‘R}JEESTZ (Eerz)t(i)delvi)nhibiti?n IOC‘;_H'V',l th Si”l‘?rg/zaticon process.  Pep-A was reduced to a value of 120.3uM. In contrast,
- —20 M) was first dissociated by 17% of acetonitrile i :

and monomer association was then initiated by a 12-fold dilution no significant changes in the_ fluorescence of RT were
in an acetonitrile-free buffer in the absene® or in the presence ~ Observed when the concentration of Pep-B was increased

of 10 uM Pep-A @) or Pep-B @). (A) Kinetics of monomer up to 100uM, suggesting that Pep-B could not bind dimeric
monomer association were monitored by size-exclusion chroma- RT. Alternatively, binding of Pep-B might not induce any

tography on an aliquot fraction containing g of RT and the _ changes in the fluorescence of RT. This is, however, unlikely,
data were analyzed according to a second-order reaction. (B)

Kinetics of formation of active heterodimeric RT were monitored 25 RT contains 37 Trp residues distributed throughout its
by polymerase activity assay. The data were analyzed as a first-S€qUENCE.

order reaction as described in the Experimental Procedures. (C) Effect of Pep-A on the Affinity of HIV-1 RT for the Primer/
Dependence of formation of active heterodimeric RT on the TemplateTo determine if Pep-A and DNA share a common

concentration of Pep-A and Pep-B. RT was reassociated in the pindi ; .
presence of increasing concentrations of Pe@Adr Pep-B ©). binding site on RT, we next analyzed the effect of Pep-A

The ratio of active heterodimeric RT was determined by polymerase on the af_f|n|ty of RT f_o_r F_,/T' The affinity of RT for P/T
activity assay 50 h after dilution in an acetonitrile-free buffer, with Was monitored by equilibrium fluorescence using a fluores-
respect to the values obtained in the absence of peptides. cently labeled DNA-P/T (18/36-mer) labeled at theefd

of the primer with the fluorescein derivative 6-FAM. In the
A. In the presence of 2QuM Pep-B, up to 60% of  absence of peptides, binding of FAM oligonucleotides to
heterodimeric RT was still active with an activation rate of HIV-1 RT led to a 35% quenching of the fluorescence of
0.11 h*. As observed for Pep-A, inhibition of RT maturation the FAM group (Figure 5A) and &y value of 2.5+ 0.2

Polymerase activity (%)

20

0 N N T A T T N T T I
0 10 20 30 40 50 60 70 80 90

Active heterodimeric RT (%)
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| B o e e a Kq value of 0.51+ 0.1 nM. In contrast, the presence of
1 A Pep-B did not modify the binding of double-stranded DNA
(data not shown).

Effect of Pep-A on the Binding of tRAA and of Single-
Stranded DNA to RTintrinsic fluorescence of HIV-1 RT
was used as a probe to monitor the effect of Pep-A on the
binding of tRNA™" to RT (Figure 5B). Binding of tRNAY"
induced a 25% quenching of the intrinsic fluorescence of
RT, with aKq value of 17+ 5 nM, as already reporte@3).
When RT was first saturated with Pep-A (@2B1), the affinity
PO B T I A S N B B for tRNA,™" was strongly reduced tokéy = 4704 24 nM.

0 20 40 60 80 100 120 140 160 180 200 Moreover, Pep-A did not bind tRNA" directly (data not
RT (M) shown). These results reveal that binding of Pep-A to RT
induces a marked change in the conformation of RT, which
LR modifies the binding site of the tRNA.

The binding of a single-stranded DNA oligonucleotide
- (19—mer) to RT was monitored by extrinsic fluorescence,
using a mansyl group linked to the penultimate base of the
primer oligonucleotide ¥4). The binding of mansyl oligo-
nucleotide to RT resulted in a 2.2-fold increase in the
- fluorescence of the mansyl group (Figure 5C). In the absence
of Pep-A, theK, value of RT for single-stranded DNA was
Q o] calculated to 9.6t 0.5 nM; in the presence of a saturating
concentration of Pep-A (20M), this value was increased
L to 112+ 10 nM. The effect of Pep-A on the binding of
0 1000 2000 3000 4000 single-stranded DNA is therefore similar to that observed
tRNAtyr (nM) for binding of tRNA™" and suggests that binding of Pep-A
to RT induces a marked conformational change which
increases the selectivity of RT with respect to the nature of
the oligonucleotide, favoring binding of double-stranded
DNA.

Inhibition of the Polymerase Acity of HIV-1 RT by Pep-
A. As reported in Figure 6A, Pep-A inhibited the polymerase
activity of RT in a dose-dependent manner. Approximately
50% of polymerase activity was inhibited for a peptide
concentration of 3@M, without inducing any dissociation
of the heterodimer. The Pep-A-mediated mechanism of RT
inhibition was investigated in more detail, by steady-state
- kinetics and by varying the concentration of both P/T DNA

0 200 400 600 800 1000 1200 and Pep-A (Figure 6B). For these experiments, reactions were
RT (nM) initiated by addition of RT to a mixture containing both P/T

Ficure 5: Effect of Pep-A on the binding of single- and double- and Pep-A. D.I).(0n _plo_t {inaIySIS revgaled that Pep-A acts as
stranded DNA and tRNAY to RT. (A) Binding double-stranded @ Noncompetitive inhibitor of RT with respect to P/T, and
DNA to RT was monitored by following the quenching of the K; value for inhibition of HIV-1 RT by Pep-A was
fluorescence of a 6-FAM group linked to theénd of the primer.  extrapolated to 3@M, a value higher than that obtained from
VAVi{'r)l(?gc‘;ggg?n“"?g‘r’]gé’r:t‘:gt‘fgrges'%ﬁfﬂ‘gedre[\)/’i\(‘)ﬁéf’oiwa";gwtgrrated the dimerization kinetics. These results indicate that Pep-A
not (@) with 10%M of Pep-A. FIuoresceﬁce emisgion was measured binds ata S't_e other than at the _P/T—bmdmg S'te, and sugg_ests
at 550 nm upon excitation at 480 nm. (B) Binding of tRN to that Pep-A induces conformational changes in RT which

RT was following by quenching of intrinsic fluorescence of RT. A produce a more stable RT/PT complex maintained in an
fixed concentration of RT (40 nM) was titrated with increasing inactive conformation.

concentrations of tRNAY" in the presenceQ) or in the absence

(®) of Pep-A (10uM). Fluorescence changes were recorded at 340 DISCUSSION

nm, upon excitation at 290 nm. (C) Binding of single-stranded DNA

was monitored by following the increase in fluorescence of a : :
mansyl-group linked to the'&nd of the primer. A fixed concentra- We have recently shown that the formation of active

tion of single-stranded DNA (50 nM) was titrated with increasing HIV-1 and HIV-2 RTs occurs in a two-step mechanism
concentrations of RT previously incubated with 481 of Pep-A initiated by a rapid monomer/monomer interaction generating
(O) or in the absence of Pep-A®J. Fluorescence emission was an inactive intermediate heterodimer, followed by a slow
2% described i the expeimental procedures and best fis e reporieC!"OrMational change which renders RT fully acthis(
below. P P P 4). The absence of polymerase activity in the intermediate
dimer implies that the correct organization of the catalytic
nM. The presence of a saturating concentration of Pep-A site is not yet achieved after the first monomer/monomer
(20uM) increased the affinity of RT for the P/T 5-fold, with  association and that further conformational changes are

Rel. Fluorescence
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Polymerase activity (%)

400 600
Peptide (uM)

[pmol dTMP incorporated/min/mi]-1

-40 -20 0 20

Pep-A (uM)

40 60

Ficure 6: Inhibition of the polymerase activity of HIV-1 RT by
Pep-A. (A) concentration dependence of the HIV-1 RT polymerase
activity by Pep-A ®) and Pep-B ©). (B) Dixon plot of the
inhibition of HIV-1 RT by Pep-A. The concentration of poly(rA)
(dT)5 used were 0.uM (v), 0.2uM (v), 0.5uM (<), 0.8 uM
(®),1.2uM (O), 3uM (W), 5uM (@), 10uM (O). Reactions were
initiated by addition of RT to a mixture containing both poly(rA)
(dT)s and Pep-A.

required for full maturation of RT. In this work, we
demonstrate that the thumb domain of p51 plays a major
role in the maturation of heterodimeric HIV-1 RT and that

peptides derived from the sequence of this domain at the

interface with the RNase-H domain of p66 can selectively
inhibit activation of HIV-1 RT. A detailed study of the
mechanism of inhibition reveals that such peptides inhibit
the polymerase activity of RT by modulating binding of both
the DNA primer/template and the tRNA to the enzyme.

The dimer interface of HIV-1 RT is mainly formed by an

Morris et al.

rate of monomer/monomer association, but do indeed block
activation of heterodimeric RT, confirms the existence of a

second conformational step in the dimerization process. This
conformational change is essential for RT activation and

clearly involves the thumb domain of p51.

The most dramatic effects were observed with Pep-A,
which contains the end of helixl and the loop connecting
helicesal andaJ (Figure 1A). Pep-A presents an inhibition
constant of 1.2«M and completely inhibits maturation of
HIV-1 RT at a concentration of 2@M. Pep-B, which
corresponds to the helixJ, is less efficient than Pep-A and
does not inhibit preformed mature heterodimeric RT. Finally,
peptides derived from residues 26380, corresponding to
the helixal, did not alter the dimerization or the activation
of RT (data not shown). Taking together these results with
the lack of additive effect of Pep-B on Pep-A-induced
inhibition of RT maturation, we suggest that the main area
involved in this interaction is covered by Pep-A and,
therefore, corresponds to the end of hetix and the
beginning of the loop connecting helicebandaJ (residues
284—300). Several other studies have also proposed that this
loop (residues 282310) is buried in the dimer interface and
involved in hydrophobic protein/protein interactions, which
are essential for dimer formation and the integrity of
RNase-H activity {5—17, 35).

Heterodimeric RT is extremely stable, with a dissociation
constant in the nanomolar range. Given that the energy
required for dimer formation is extremely high (12 kcal/mol),
attempts to induce its dissociation with small molecules have
been unsuccessful. In the present work, we demonstrate that
targeting the conformational reorganization of the maturation
step does not require RT dissociation for inhibition and can
be reverted by addition of a short peptide. That Pep-A should
inhibit mature preformed heterodimeric RT suggests that this
short peptide can reverse the conformation of RT induced
during maturation and maintain the RT/PT complex in an
inactive conformation. In contrast, preliminary dissociation
of RT is required for the binding of Pep-B. Pep-A exhibits
high affinity for heterodimeric RT (90 nM) and acts as a
noncompetitive inhibitor with respect to the P/T. A detailed
study reveals that binding of such a short peptide to RT
induces dramatic changes in the ability of the enzyme to
bind nucleic acids, increasing its affinity for the P/T and
preventing binding of the tRNAY". The inhibition constant

interaction between the connection domains of p51 and p66of Pep-A estimated from the maturation kinetics (&)

(8—13), including the Trp-repeat motif (residues 38207

is 20-fold lower than the value obtained in polymerase assays

in HIV-1gu10 RT), which is essential for monomer/monomer  with the mature preformed heterodimés; & 35 uM). This

association 14—17, 19—20). Two other interface contacts

difference can be attributed to the need of Pep-A to reverse

have also been identified in the structure of RT, one betweenthe conformational changes required for activation of RT
the thumb domain of p51 and the RNase H domain of p66 by competing with its corresponding sequence in the thumb
and the other between the fingers domain of p51 and thedomain of p51.

palm domain of p66. The detailed molecular interpretation  From these results, a molecular mechanism can be
of dimer organization based on both the X-ray structure of proposed to describe RT maturation as a process, which
HIV-1 RT (8—11) and the prediction of the secondary involves the proper folding of both the P/T and the tRNA-
structure of HIV-2 RT (4) reveals that the stacking of the binding sites. This conformational change most likely
thumb domain of p51 onto the RNase H domain of p66 is involves both the thumb of p51 and the RNase H subunits
crucial for both maturation and stabilization of heterodimeric and suggests that the stacking of the thumb of p51 onto the
RT. Here, we show that two peptides derived from the thumb RNAse H of p66 is essential for both activity and maturation
domain, corresponding to residues 2800 (Pep-A) and of RT, by modifying the conformation of the catalytic site
301-316 (Pep-B), are able to interfere with the maturation of RT. Both X-ray structural and biochemical data have
of HIV-1 RT in vitro. That these two peptides do not proven that the thumb domain of RT is mainly involved in
significantly affect the stability of dimeric RT or reduce the the P/T binding site and is essential for polymerase activity
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(13, 21—24). Monitoring the in vitro interactions between
the tRNA and RT using different biochemical and structural

approaches have shown that both p51 and p66 interact with

the tRNA, @1—24) and that both the tRNA and the PT bind

partially the same or at least overlapping si&3 87). Cross-
linking of the primer oligoribonucleotide tRN#ys with RT
has revealed that residues “24244” in -sheet 14 of the
thumb domain of p66 interact with the tRNA2&3). Mutation
of residues Ly¥®, Arg®®, and Lys$!! within the thumb

domain of p66 reduces the affinity of RT for the tRNA and
reveals a crevice in this domain which interacts with the
tRNA anti-codon loop 21—23). As Pep-A was initially

derived from sequence in the thumb domain of p51, which
interacts with RNase H domain, we propose that this

inhibition targets conformational changes arising from 15,
interaction between these two domains. Pep-A may as such

indirectly induce conformational change in the thumb domain

of p66. However, we cannot at this point exclude that Pep-A 16

may directly affect changes arising from interactions between
the thumb and the fingers domain of p66.

We have already discussed novel inhibitors of both HIV-1
and HIV-2 RT which efficiently target monomer/monomer

association. On the basis of our results, we now conclude

that maturation of RT also constitutes an interesting target
for the design of new inhibitors of HIV RT. Such inhibitory
peptides block maturation of RT in vivo, do not require RT
dissociation, and are efficient on both the isolated subunits
and dimeric RT, thus bypassing the problem of the high
stability of HIV RTs. The complete in vivo mechanism of
RT formation and activation, has not yet been fully eluci-
dated, but may require a first association of the p66/p66
homodimer, followed by the proteolytic cleavage of one of

the

between the thumb domain of p51 and the RNase-H domain

RNase-H domains by HIV proteas® 7). Interactions

of p66 would then occur and produce mature heterodimeric

RT.

The peptides described in this study might potentially

interfere with such processing of homodimeric p66/p66 into

heterodimeric p66/p51. Our results provide a structural basis

for the design of new anti-RT compounds which target the
activation step of RT during viral formation.
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