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ABSTRACT. The nonnucleoside inhibitor binding pocket is a well-defined region in the p66 palm domain

of the human immunodeficiency virus type-1 reverse transcriptase (HIV-1 RT). This binding pocket opens
toward the interface of the p66/p51 heterodimer and we have investigated whether ligand binding at or
near this site induces structural changes that have an impact on the dimeric structure of HIV-1 ol 1-[2
bis-O-(tert-butyldimethylsilyl]-3-spiro-5'-(4"-amino-1',2"-oxathiole-2 ,2’'-dioxide)-3-ethylthymine (TSAGE)

was found to destabilize the subunit interactions of both the p66/p51 heterodimer and p66/p66 homodimer
enzymes. The Gibbs free energy of dimer dissociathd®4"°) is decreased with increasing concentrations

of TSAOET, resulting in a loss in dimer stability of 4.0 and 3.2 kcal/mol for the p66/p51 and p66/p66
HIV-1 RT enzymes, respectively. This loss of energy is not sufficient to induce the dissociation of the
subunits in the absence of denaturant. This destabilizing effect seems to be unique for*T Sgit

neither the tight-binding inhibitor UC781 nor nevirapine showed any effects on the stability of HIV-1 RT
dimers. TSAQE&T was unable to destabilize the subunit interactions of the E138K mutant enzyme, which
exhibits significant resistance to TSA&e inhibition. Molecular modeling of TSAOAT into the
nonnucleoside inhibitor binding pocket of wild-type RT suggests that it makes significant interactions
with the p51 subunit of the enzyme, a feature that has not been observed with other types of nonnucleoside
inhibitors. The observed destabilization of the dimeric HIV-1 RT may result from structural/conformational
perturbations at the reverse transcriptase subunit interface.

Reverse transcriptase (RT; EC 2.7.748) the human enzyme that exhibits RNA-dependent DNA polymerase
immunodeficiency virus type 1 (HIV-1) is a multifunctional (RDDP), DNA-dependent DNA polymerase (DDDP), and
ribonuclease H (RNase H) activities. HIV-1 RT is an
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clease H; RT, reverse transcriptase; SEPLC, size-exclusion deoxythymidine (AZT) 7). The ddN inhibitors require
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o o O@\( MATERIALS AND METHODS
R
== = - Recombinant HIV-1 RT p66/p51 heterodimers and p66/
\ TN, J Ct o p66 homodimers were expressed and purified essentially as
o described24). The thiocarboxanilide nonnucleoside UC781
1 2 S ot was a generous gift from Dr. W. G. Brouwer (Uniroyal

Chemical Research Laboratories, Guelph, Ontario, Canada).
The methyl and ethyl derivatives of TSAO, TSAGMand

CHy

o € TSAOQ€ET, were prepared as previously describeid)(
N) Nevirapine was obtained from Boehringer-Ingelheim. The
| /& homopolymeric template/primers (T/P) poly(F8)go(dT)io—1s
§~\sv_o N ° and poly(rCjoligo(dG),-15 were products of Pharmacia
| (Montreal, QC, Canada).?fJdGTP and H]TTP were
" / purchased from Amersham. All other reagents were of the
’ S/\" 0—3'\\’/ highest quality available and were used without further
AN purification.
FIGURE 1: Structures of nevirapind), UC781 @), and TSAO&T Assay of RT RDDP Agtity. HIV-1 RT RNA-dependent
3. DNA polymerase (RDDP) activity was determined by a fixed

time assay. Reaction mixtures (&0 total volume) contained

50 mM Tris-HCI (pH 7.8, 37°C), 60 mM KCI, 10 mM
MgCl,, up to 4 M urea, 1 mM dithiothreitol, xg/mL of
either poly(rA)oligo(dT);2-15 or poly(rC)yoligo(dG)»-1s, and
either 20uM [3H]TTP or 2.5uM [3H]dGTP. Reactions were
initiated by the addition of 86100 ng of RT, which had
been preincubated (20 min) with the desired concentration
of urea (0-4 M). Reaction mixtures were incubated at 37
°C for 20 min and then quenched with 250 of ice-cold

inhibitors (NNI) such as neviraping;(Figure 1A) and the
(thio)carboxanilides9—12) such as the tight-binding inhibi-
tor UC781 (Figure 1B), are hydrophobic compounds with
diverse structural features. The NNI do not require cellular
modification for antiviral activity and show mixed-type or
uncompetitive inhibition with respect to dNTP substrates.
NNI generally bind to a defined site on RT, termed the

nonnuclgoglde inhibitor binding pocket (NNIBP)’ thatis close 10% trichloroacetic acid (TCA) containing 20 mM sodium
to but distinct from the polymerase active site. ,
pyrophosphate. Quenched samples were left on ice for 20
Certain inhibitors do not readily fall into one of these two  mjn, then filtered on Whatman 934-AH glass fiber filters,
major classes; such compounds include the TSAO derivativesang washed sequentially with 10% TCA containing 20 mM
(13, 14), such as X¥spiro[4'-amino-2',2"-dioxo-1",2"- sodium pyrophosphate and with ethanol, and the extent of
oxathiole-3,3-[2",5-bis-O-(tert-butyldimethylsilyl)5-p-ri- radionucleotide incorporation was determined by liquid
bOfUranosyl]} -3'ethylthymine (TSAO’E—) (Figure 1C) TSAO scintillation Spectrometry_
inhibitors are highly modified nucleoside-based compounds A similar approach was used to assess the effect of various
that show some inhibition characteristics of NIB|. HIV-1 NN on the stability of HIV-1 RT. Enzyme was preincubated
resistance to TSAO derivatives results from a unique (20 min) with variable concentrations of NNI dissolved in
mutation (E138K) not normally noted in resistance to NNI gimethyl sulfoxide (DMSO), prior to the addition of urea as
or dideoxynucleoside analogue drugs) Interestingly, the  described above. The NNI was also present in the denatur-
relevant mutation in resistance to TSAO occurs in the pS1 ation and reaction mixtures so that the final concentration
subunit of RT {7, 18). We have previously shown significant  of NNI in the assay was identical to that used for preincu-
differences in the proceSSiVity of DNA SyntheSiS carried out bation with enzyme. The maximum concentration of DMSO
by HIV-1 RT in the presence of nevirapine and TSADe  in the reaction assays was 3%, and control experiments
(19), which led us to suggest that TSAG@emay not bind  verified that the RT RDDP activity was not affected by this
to the well-defined NNI binding pocket of HIV-1 RT, but  concentration of DMSO. All experiments were carried out
rather may bind to a region of RT close to and partially at least two times, in duplicate.
overlapping with this site. SizeExclusion HighPerformance Liquid Chromatogra-
An interesting aspect of the NNIBP is that it opens toward phy. The hydrodynamic volume of HIV-1 RT in the absence
the dimer interface of the p66/p51 RT heterodimé&). (  and in the presence of varying concentrations of urea and
Comparison of the crystal structures of unliganded RJj (  TSAO€T was measured at room temperature by analytical
with that of the enzyme complexed with various NN, (  SEC-HPLC on a 7.8x 300 mm column of Phenomenex
21-23) indicates that inhibitor binding induces the reposi- Biosep SEC-S3000 and a mobile phase of 50 mM Tris-HCI
tioning of certain protein structural elements. In this report, (pH 7.8, 37°C) containing 60 mM KCIl and 10 mM Mg¢gl
we describe studies designed to test whether ligand-inducedand a flow rate of 1 mL/min. The sample injection volume
structural changes have an impact on the dimeric structurewas 20uL and elution profiles were recorded simultaneously
of HIV-1 RT. Our results indicate TSAGE markedly at 220 and 280 nm. The column was calibrated using
decreases the stability both of the p66/p51 RT heterodimermolecular mass markers for gel filtration chromatography
and the p66/p66 RT homodimer. This dimer destabilization (Sigma) ranging in size from 12 000 to 200 000 Da.
may be unique for TSAO, since other NNI such as nevirapine Data Analysis of Denaturation Isotherms$ilV-1 RT
or UC781 do not alter RT dimer stability, and further RDDP activity is dependent on the dimeric structure of the
reinforces the unique inhibitory properties of the TSAO enzyme 4). Thus the denaturation isotherms, obtained by
analogues compared to other anti-HIV agents. following the loss of RT RDDP activity with increasing



Destabilization of Reverse Transcriptase Dimers Biochemistry, Vol. 39, No. 6, 200429

conc_entrations of ure_a' can be approximated by a tV\_’O'StateTable 1: Inhibition of HIV-1 RT p66/p51 Heterodimer and p66/p66
transition between dimer and monoméj.(Denaturation Homodimer by Various NNFs

curves were evaluated according to a linear extrapolation

‘ s ICso (uM)
method 25). Briefly, an equilibrium constantKp, was RT Uc7el —— TSAGE
calculated at each point in the transition region of the orm nevirapine

denaturation isotherm according to the following expression Wild-type p66/ps51 ~ 0.030.001 ~ 0.&:0.01  1.1+0.05
(26, 27): wild-type p66/p66 0.0% 0.001 1.5+ 0.02 0.7+ 0.01

E138K p66/p51 0.0 0.002 0.8£0.15 447445

- 2 a Assays were carried out with poly(r@)igo(dG)»-1s and PH]dGTP
KD - Pth 11— fM) as described under Materials and Methods. Values are the averages
from two separate experiments, each carried out in duplicate.

whereP; is the total concentration of RT affig is the fraction

of monomeric protein. A linear dependence of the Gibbs free 100 | ¢

energy of monomer formatio/AG = — RT In Kp) on the )

denaturation concentration is assumza8)( > 804
>

AG, = AG,™® — m[denaturant] 8 60

8 40
whereAGpH=° represents the difference in Gibbs free energy x

between the monomer and dimer transition in the absence § 20 |
of denaturant. ?

Conformational stability parameters were determined by T o

iterative fitting of the denaturation curves to the above
equations using the numerical analysis functions of Sigma-
Plot 5.0 (Jandel Scientific) and a Levenbelgarquardt
least-squares algorithm.
Molecular Modeling of the Binding of TSAO to HIVRT. 100 1 <
Coordinates for the structure of TSAGMmwere obtained
by single-crystal X-ray diffraction. These coordinates are
provided as Supporting Information. The crystal structure
shows that the TSAO furanose ring is in ‘achdoconfor-
mation that is stabilized by intramolecular hydrogen bonding
between the C-50xygen atom and the amino group of the
sultone ring. The amino-group nitrogen is trigonal planar,
indicating substantial delocalization of the nitrogen lone pair
electrons into the unsaturated sultone system. This suggests
that the TSAO amino group is not very basic and is probably
unprotonated at physiological pH.
A model for the interaction of TSAO# with HIV-1 RT [Urea] (M)
was constructed from the X-ray crystallographic coordinates figure 2: Denaturation isotherms of HIV-1 p66/p51 (A) and p66/
for the free enzyme reported by Rodgers et &0;( p66 (B) RT in the absence and presence of various NNIs: HIV-1
Brookhaven Protein Data Bank entry 1hmv). Docking and RT (O); HIV-1 RT + 10 nM UC781 @); HIV-1 RT + 2 uM
energy minimization experiments were carried out with the Nevirapine ¥); and HIV-1 RT+ 2 uM TSAOET (v). Experiments
Anneal function of Sybyl 6.2 (Tripos Inc., St. Louis, MO). \évtere carried out as described u(r)lder Moaterlals and Methods.
. andard errors ranged from 0.3% to 3% over the range of
Charges were calculated by the Gasteigduckel method, measurements in the experiments.
and iterative minimization was carried out with the Tripos
force field until the energy difference between iterations was characteristic of NNI 15). Both TSAOMT and TSAO&T
less than 0.01 kcal/mol/A. exhibit similar inhibitory potency X5).
RESULTS The E138K mutation provides about 40-fold resistance to
TSAO€T but does lead to resistance to either UC781 or
Inhibition of HIV-1 RT RDDP Actiity by NNL NNI are nevirapine (Table 1), consistent with previous daia-18).
hydrophobic compounds with diverse structural features (see Urea Denaturation of HIVL RT. The RDDP activity of
Figure 1) that function by interacting with a hydrophobic HIV-1 RT requires the dimeric structure of the enzym (
pocket on the p66 subunit of RT that is near to, but distinct This activity therefore provides an excellent probe for
from, the catalytic sitel[ 21—23). In general, the inhibition  studying changes in RT structure that might have an impact
profiles due to NNI binding are noncompetitive and/or on the subunit interactions of HIV-1 RT. Figure 2 illustrates
uncompetitive with respect to the normal RT substrages (  denaturation isotherms of the p66/p51 heterodimer (Figure
12, 29, 30). In vitro I1Csg values range from<10 nM for 2A) and the p66/p66 homodimer (Figure 2B) of HIV-1 RT.
tight-binding inhibitors such as UC781 to MM for rapid These isotherms show sharp sigmoidal transitions that are
equilibrium-type inhibitors such as nevirapine (Table 1). approximated by a two-state model in which two populations,
Although TSAOQ inhibitors are nucleoside-based structures, dimers and monomers, exist at equilibrium. Similar assump-
they are highly modified and exhibit inhibition kinetics tions have been made for the acetonitrile-mediated dissocia-

80 -
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20 |

Residual RDDP activity (%)
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Table 2: Thermodynamic Parameters Calculated from Urea Dissociation Isotherms

[urea]l/gb m AGDHZO A(AGDHQO) Kp®
inhibitor (M) (kcal molt M~1) (kcal/mol) (kcal/mol) (M)
p66/p51 Heterodimer
none 2.30 3.63 9.7 1% 107
1 uM nevirapine 2.31 3.65 9.7 40 1.5x 1077
10uM nevirapine 2.35 3.70 10.0 -0.3 9.0x 10°8
10 nM UC781 2.26 3.76 9.8 —-0.1 1.25x 1077
0.5uM TSAOET 2.10 2.93 7.5 2.2 5.2 10°
2 uM TSAO€ET 1.80 2.36 6.1 3.6 5.& 10°°
10uM TSAOET 1.70 2.35 5.7 4.0 9.% 10°
p66/p51 E138K Mutant RT
none 2.22 3.60 9.35 0.85 2.6x 1077
20uM TSAOET 2.24 3.68 9.4 0.3 2.3 1077
p66/p66 Homodimer
none 2.15 3.06 7.9 2% 106
1 uM nevirapine 2.14 3.08 7.9 €0 2.7x 10
10 nM UC781 2.20 3.06 7.9 0 2% 107
0.5uM TSAOET 1.80 2.23 5.3 2.6 1.& 104
2 uM TSAOET 1.75 1.99 4.8 31 4.% 10
10uM TSAOET 1.75 1.94 4.7 3.2 49104
aData were calculated as described under Materials and Methods and are an average of at least two separate experiments, each carried out in
duplicate.? Concentration of urea at the midpoint of the denaturation isoth&@alculated from the relationshifGp™° = — RT In Kp. ¢ Value

relative to wild-type p66/p51 heterodimérnV/alue relative to wild-type p66/p66 homodimer.

tion of HIV-1 and HIV-2 RT 6). Our calculated values for
the free energy of dissociation in the absence of urea

(AGpH0) are 9.7 kcal/mol for the p66/p51 heterodimer and 80
7.9 kcal/mol for the p66/p66 homodimer (Table 2), values

that correspond well with previous data (10 kcal/mol for p66/ 60 1
p51 HIV-1 RT and 8.1 kcal/mol p66/p66 HIV-1 RTP) 40 |

The calculatedAGpM:° values are independent of the T/P
used in the assay, with identical parameters obtained with
either poly(rAyoligo(dT)o-15 or poly(rCyoligo(dG),-1s
(data not shown). Thm values (linear dependence Af5p

on urea concentration) for these transitions are about 3.6 kcal
mol~* M~ (urea), indicating a highly cooperative two-state
dimer/monomer dissociation procesxb). The values for
[ureal,, AGpH°, andmvalues were generally lower for the
p66/p66 RT homodimer compared to the p66/p51 het- 10 -
erodimer (Table 2). This indicates that the subunit interac-
tions of the homodimer are weaker than those of the
heterodimer, consistent with earlier observatiosjs (

TSAOQE€T destabilizes the dimeric structure of HIV-1 RT
in a concentration dependent manner (Figure 3). The maxi-
mum change im\Gp™° (AAG) in the presence of TSAGE
is 4.0 kcal/mol for the p66/p51 RT heterodimer and 3.2 kcal/ 5 A o
mol for the p66/p66 RT homodimer. In contrast, the
dissociation isotherms for the HIV-1 RT complex with either
nevirapine or UC781 are virtually identical to those obtained
in the absence of inhibitor (Table 2). [inhibitor) (uM)

The E138K mutation gives 40-fold resistance to TSADe Ficure 3: (A) Denaturation isotherms of p66/p51 RT in the absence

i P (@) or the presence of 0.6M (O), 2 uM (), or 10 uM (V)
the compound was unable to destabilize the subunit interac-3-¢ » S (B) Dependence oAGy on NNI concentration. p66/
tions of this mutant RT (Table 2). p51 RT heterodimett nevirapine A); p66/p51 RT heterodimer

SEC-HPLC of HIV-1 RT. SEG-HPLC is useful for + TSAOET (@), p66/p66 RT homodimet- TSAOET (O). The
studying dimer dissociation due to its ability to resolve lines for the TSAO®T concentration dependence are calculated

. . single-exponential decay curves= y, + ae~®). The asymptotic
changes in the hydrodynamic volumes of macr0m0|eCUI_eS value of AGpH° in the presence of TSAGE is 4.0 kcal/mol for
and, therefore, to detect the presence of monomeric speciesyhe pe6/p51 RT heterodimer and 3.2 keal/mol for the p66/p66 RT
provided they are kinetically stable within the time scale of homodimer. Experiments were carried out as described under
the chromatographic run. Figure 4 shows elution profiles of Materials and Methods. Standard errors ranged from 0.3% to 3%

HIV-1 p66/p51 RT in the presence of both urea and ©Ver the range of measurements in the experiments.

TSAO€ET. We were unable to demonstrate physical dis- with a saturating concentration of TSA&e(Figure 4B), in
sociation of RT subunits upon preincubation of HIV-1 RT contrast to previously reported resull).

20

Residual RDDP activity (%)

11

aGpH20 (keal/mol)
~

0 2 4 6 8 10
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A isotherms (Figure 3).
Molecular Modeling of the Binding of TSAO to HIVRT.
Docking of the C-2endoconformation of TSAORT at the
interface of the p66 and p51 RT subunits near the amino
acid residues of the NNIBP indicated a very good shape
complementarity between TSAO and this region of RT
2 14 (Figure 5). The model indicates that TSAO compounds bind
to RT rather differently from other NNIs1( 21-23),
primarily by making extensive interactions with the p51

B subunit. The amino group forms a hydrogen bond with the
carboxylate of E138 of the p51 subunit, consistent with the
observed resistance of HIV-1 to TSAO analogues due to
mutations of this RT residud.{, 18). The model shows very

substantial van der Waals contacts between p51 subunit
residues (E28, 131, K32, P133, S134, 1135, and T139) and
the methyl groups of the&ert-butyldimethylsilyl (TBDMS)
group at C-50f the inhibitor. Significant contacts with p66

C subunit residues include close contact between a sultone
oxygen and thes-amino of K103 and favorable contacts
between K172, P176, V179, and Y181 with the CFBDMS
group of TSAO.

DISCUSSION
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NNIs are a diverse group of hydrophobic compounds that
bind to a well-defined region in the p66 palm subdomain of

D HIV-1 RT. This binding pocket is predominantly hydropho-
bic in nature with substantial aromatic character (Y181,
Y188, F227, W229, and Y232), but also contains several
hydrophilic residues (K101, K103, S105, D192, and E224
of the p66 subunit and E138 of ti#&—/8 loop of the p51

subunit). NNI binding induces certain subtle shifts in the
4 6 8 10 12 14 secondary structural elemenid, 57, and$8; these affect
Retention time (min) the positioning of the catalytic YMDD motif and the thumb

' i subdomains of the enzymé, (21—23). However, no gross
Ficure 4: SEC-HPLC elution profiles of HIV-1 p66/p51 RT. (A) . . ) -
p66/p51 RT heterodimer (200g) (retention time= 8.32 min). structural alterations are evident in the RT dimer, and the

The arrow indicated/, the void volume, as determined from the ~OVverall fold in the various RT complexes remains similar.
elution of blue dextran. (B) p66/p51 RT heterodimer (208) Our data showing that NNI such as nevirapine and UC781
preincubated with a 5-fold molar excess of TSADgconditions do not induce any significant changes in the dimeric stability

as described in re31). The retention time of RT is 8.32 min. (C)  f gither the p66/p51 or p66/p66 HIV-1 RT enzymes are

66/p51 RT heterodimer (2 reincubated with 2.5 M urea - . . -
?~[ufea]1/z value) and ther(1 gfgj)egted to SEAPLC in a buffer consistent with the minor structural perturbations upon

with the same concentration of urea. The retention times of the binding of these NNI.
two peaks are 8.3 and 8.64 min, yielding estimated molecular  TSAO compounds, however, have highly modified nu-

masses of 117 and 60 kDa, respectively. (D) p66/p51 RT het- : PO ; i
erodimer (200ug) preincubated with a 5-fold molar excess of cleoside structures that are significantly bulkier than nevi

TSAOET + 2.5 M urea and then subjected to SEBPLC in a rapine or UC781 (Figure 1). Although nucleoside-based,
buffer with the same concentration of urea. Retention times of the TSAO analogues do not bind competitively with dNTP
two major peaks are identical to those in panel C. substrates but rather show gross inhibition kinetics charac-

teristic of NNI. Our previous datal@) suggested that

In the presence of 2.5 M urea (a concentration equivalent TSAOET might interact interact with RT differently from
to [urea, calculated from the dissociation isotherms), two Other NNI. The present studies show the binding of TSAOe
species are detected in the absence of TSAQEigure 4C). to dimeric HIV-1 RT results in a marked destabilization of
The first, with a retention time of 8.32 min, corresponds to the dimeric structure of the enzyme, unlike the other NNI
the p66/p51 RT heterodimer (117 kDa). The second, with a tested,. and provides further evidence that TSAO may bind
retention time of 8.64 min, corresponds to an apparent 0 RT in a unique manner.
molecular mass of 60 kDa and is due to the p66 and p51 We previously suggested that TSAO might bind to a site
monomers (these monomeric species cannot be resolvedlose to, but not precisely within, the well-characterized NNI
under the chromatographic conditions used). With the samebinding pocket of RT 19). Our molecular modeling suggests
concentration of urea but in the presence of saturating that TSAO makes multiple contacts with residues in the p51
concentrations of TSAG& (Figure 4D), the extent of the  subunit (Figure 5), unlike other NNL(21—23). On the basis
monomer fraction is substantially increased, implying that of this model, the TSAO-induced changes in RT dimer
RT subunit interactions are weakened in the presence of thisstability likely arise from significant conformational pertur-
inhibitor, consistent with the urea-induced dissociation bations that affect the p66/p51 interface. It is possible that

o
N
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Ficure 5: Stereoview of the model for the interaction of TSA&hwith residues in the proximity of the NNIBP of HIV-1 RT.

the multiple interactions of TSAO with residues in both RT that noted for our experimentally derivédsp™:° values in
subunits leads to a diminution of favorable subthsiibunit the presence of TSAGE. Since the strength of the RT p66/
contacts, thereby decreasing the strength of the intersubunip51 subunit association is in the range of 10 kcal/nfl (
contacts. Residue E138 of the p51 subunit, which is mutatedthe present work), the decreased subunit interaction induced
in HIV-1 resistance to TSAO1({7, 18), is one of seven  upon binding of TSAO® is unlikely to lead to dissociation
residues that represent 30% of the interfacial area of theof the subunits, as has been previously suggesgdyl (
heterodimer §2). These residues lie within regions of the Indeed, we were unable to observe such dissociation in the
protein that are constrained upon dimerization. The E138K present studies.
mutation, which results in resistance to TSAO resistance H|V-1 RT dimer stability and/or dimerization during virus
(16-18) results in only a small change in RT subunit assembly may be interesting targets for antiviral intervention.
interaction strength relative to wild-type enzyme (Table 2). |nvestigators have previously suggested that a 19-residue
Interaction of TSAO with one or more of these dimer peptide homologous to RT subunit interface sequences might
interface residues might then destabilize the RT dimer by be a useful inhibitor of these processés Unfortunately,
disrupting a crucial interface interaction. The observed peptide therapeutics can have significant pharmacokinetic
TSAO-dependent change in the midpoint of the denaturation problems, such as lack of oral bioavailability. Our present
curves ([ureal;) and changes in then value (linear  studies suggest that small organic molecules, which generally
dependence oAGp on urea concentration) (Table 2) are have better pharmacokinetic properties, may also be useful
consistent with this possibility. Changes in [urga¢an be  as RT dimerization inhibitors. TSAGE is a useful lead in
attributed to differences in the specific interactions at the the search for additional such compounds. It is interesting
subunit interface when TSAGE is bound. Themvalue is  that TSAO is equally effective at destabilizing the het-
a more complex parameter, and changes in this value mayerodimer and homodimer forms of RT. The kinetics of HIV-1
be related to differences in the solvent exposure of RT RT heterodimer formation during virus assembly and matu-
hydrophobic residues in the dimeric and monomeric statesration are not clearly defined. It is possible that this may
(28, 33, 34), as well as alterations in the pathway by which proceed through a p66/p66 RT homodimer intermediate. The
the subunits dissociate due to ligand-induced changes in theability to affect both homo- and heterodimer forms of RT
subunit interactions3p). Since HIV-1 RT is an obligate  may be an important factor in the potency of small molecule
dimer, it is intriguing to speculate that the mechanism of dimerization inhibitors against HIV-1.
TSAO-mediated inhibition is due to disruption of the
intersubunit contacts. In this regard, the E138K mutation ACKNOWLEDGMENT
results in 40-fold resistance to TSA8e the compound is
unable to disrupt the intersubunit contacts of this mutant.
It is well documented that while small molecule ligands
can stabilize or destabilize the conformation of a macro-
molecule, there are intrinsic limits (dictated by molecular
Welghts and blndlng affinities of the Iigand, as well as SUPPORTING INFORMATION AVAILABLE
practical or experimental constraints) to which a ligand can
alter this conformation. In general, a single ligand molecule  Three figures and seven tables showing X-ray crystal-
binding to a large macromolecule can result in a maximum lographic data for TSAOAT. This material is available free
contribution toAG of about 3-4 kcal/mol @6), similar to of charge via the Internet at http://pubs.acs.org.

We are grateful to S. Mithani and N. J. Taylor (University
of Waterloo) for assistance in obtaining the crystal structure
of TSAON¥T that was used in the molecular modeling
experiments.
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