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Background: The RNase H activity of HIV-1 reverse transcriptase (RT) is an under-explored target.

Results: GSK5750 is a novel RNase H active site inhibitor that displays slow dissociation kinetics.

Conclusion: Tight binding may compensate for the inability of active site inhibitors to access the RT-substrate complex.
Significance: The GSK5750 scaffold may lead to the development of clinically relevant RNase H inhibitors.

Compounds that efficiently inhibit the ribonuclease (RNase)
H activity of the human immunodeficiency virus type 1 (HIV-1)
reverse transcriptase (RT) have yet to be developed. Here, we
demonstrate that GSK5750, a 1-hydroxy-pyridopyrimidinone
analog, binds to the enzyme with an equilibrium dissociation
constant (K,;) of ~400 nM. Inhibition of HIV-1 RNase H is spe-
cific, as DNA synthesis is not affected. Moreover, GSK5750 does
not inhibit the activity of Escherichia coli RNase H. Order-of-
addition experiments show that GSK5750 binds to the free
enzyme in an Mg>*-dependent fashion. However, as reported
for other active site inhibitors, binding of GSK5750 to a pre-
formed enzyme-substrate complex is severely compromised.
The bound nucleic acid prevents access to the RNase H active
site, which represents a possible biochemical hurdle in the
development of potent RNase H inhibitors. Previous studies
suggested that formation of a complex with the prototypic
RNase H inhibitor 3-thujaplicinol is slow, and, once formed, it
dissociates rapidly. This unfavorable kinetic behavior can limit
the potency of RNase H active site inhibitors. Although the asso-
ciation kinetics of GSK5750 remains slow, our data show that
this compound forms along lasting complex with HIV-1 RT. We
conclude that slow dissociation of the inhibitor and HIV-1 RT
improves RNase H active site inhibitors and may circumvent the
obstacle posed by the inability of these compounds to bind to a
preformed enzyme-substrate complex.

Human immunodeficiency virus type 1 (HIV-1) reverse tran-
scriptase (RT) is a heterodimeric (p66/p51) multifunctional
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enzyme that catalyzes the conversion of the single-stranded,
viral RNA genome into double-stranded DNA (1). Both poly-
merase and ribonuclease H (RNase H)* active sites reside on the
larger, catalytic p66 subunit. The N-terminal polymerase active
site catalyzes nucleotidyl transfer reactions, whereas the C-ter-
minal RNase H active site hydrolyzes the RNA strand of DNA/
RNA hybrids that are generated during reverse transcription
(2-5). Both active sites are necessary for successful reverse
transcription; however, presently, all clinically available drugs
that target HIV-1 RT inhibit DNA synthesis, whereas specific
RNase H inhibitors that show antiviral effects are yet to be
developed (6).

The distance between the polymerase and RNase H active
sites is ~60 A (3,4, 7). A ternary complex with a chain-termi-
nated DNA primer and a bound deoxynucleoside triphosphate
yields a specific cut at position —18 on the RNA template, with
the scissile bond located between residues —18 and —19 (5, 8,
9). Here, the complex exists in its post-translocated conforma-
tion, in which the nucleotide binding site is accessible (10). In
contrast, a pretranslocated complex that exists immediately
following the nucleotidyl transfer yields a cut at template posi-
tion —19. Such a complex can be trapped in the presence of the
pyrophosphate analog phosphonoformic acid (PFA) (11). In
general, these cuts are referred to as polymerase-dependent
RNase H activity to reflect the reliance on specific interactions
between the polymerase active site and the 3'-end of the primer
(12). Conversely, polymerase-independent cuts collectively
refer to RNase H cleavage events that occur, whereas the
polymerase active site is not positioned at the 3'-primer termi-
nus. Variations of this mechanism have been proposed (13).
This activity is required for non-specifically degrading the tran-
scribed viral RNA genome during (—)-strand DNA synthesis, as
well as for creating and removing the (+)-strand primer or
polypurine tract, and for removing the (—)-strand or tRNA™*"3
primer (14-19).

“The abbreviations used are: RNase H, ribonuclease H; PFA, phosphonofor-
mic acid; E-l, enzyme-inhibitor.
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The RNase H active site is comprised of a DEDD catalytic
motif (Asp-443, Glu-478, Asp-498, Asp-549), which coordi-
nates two divalent metal ions as essential cofactors (2). This
architecture has driven the design of small molecule inhibitors
of RNase H activity. Several distinct chemical compounds with
a three-oxygen pharmacophore, or equivalent structures that
are capable of chelating the two catalytic metal ions have been
described (20, 21). As such, these compounds are generally
referred to as active site RNase H inhibitors. Crystal structures
of HIV-1 RT RNase H with a bound active site inhibitor con-
firmed that these compounds are anchored at the RNase H
active site and interact with the bound divalent metal ions (22—
25). Allosteric RNase H inhibitors can bind in the vicinity of the
polymerase active site as shown for N-acyl hydrazones (26, 27),
or in the vicinity of the p51 thumb subdomain as shown for
vinylogous ureas (28, 29).

The development of small molecule effectors of RNase H that
compete with substrate poses a biochemical obstacle. Indeed,
the nucleic acid substrates bind to HIV-1 RT with equilibrium
dissociation constants (K,) in the low nanomolar range (30),
and most contacts are seen in close proximity to the polymerase
active site (3, 4). Consistent with this notion, order-of-addition
experiments revealed that the tropolone-based, prototypic
RNase H active site inhibitor B-thujaplicinol does not bind to a
preformed RT-nucleic acid complex (10). Inhibition of the pri-
mary, endonucleolytic RNase H cut is only seen if the inhibitor
is preincubated with RT and Mg>" ions. The added DNA/RNA
primer/template is, however, rapidly cleaved, after an initial
delay on the time scale of seconds. These findings suggested
that B-thujaplicinol rapidly dissociates from the complex and
rebinding of the inhibitor is blocked by the nucleic acid sub-
strate. The structure of RT in complex with B-thujaplicinol,
along with a modeled RNA/DNA hybrid indeed point to a steric
conflict between the inhibitor and the intact RNA/DNA sub-
strate (22). Notably, B-thujaplicinol and derivatives appear to
be able to bind to the nicked product of the primary cleavage
reaction as subsequent secondary, polymerase-independent
cuts are effectively inhibited (31).

Here, we show that the 1-hydroxy-pyridopyrimidinone
derivative, GSK5750, represents a novel, potent inhibitor of the
HIV-1 RT-associated RNase H activity, which, in contrast to
B-thujaplicinol, can form long lasting complexes with the
enzyme. This is likely due to a greater intrinsic affinity for the
active site and may ultimately translate into a compound class
with promise in delivering a potent, mechanism-specific, anti-
viral effect.

EXPERIMENTAL PROCEDURES

Enzymes and Nucleic Acids—Heterodimeric, HIV-1 RT
(p66/p51) was expressed and purified as described previously
(32). Escherichia coli RNase H was purchased from Invitrogen.
All nucleic acids used in this study were synthesized by IDT
DNA Technologies. The following sequences were used: PBS-
22dpol, 5'-AGGTCCCTGTTCGGGCGCCACT-3'; PBS-52r,
5’-aaaucucuagcaguggcgeccgaacagggaccugaaagegaaagggaaac-
3’; PBS-42r, 5'-ucucuagcaguggcgcccgaacagggaccugaaageucc-
ucc-3’; and PBS-14r8d, 5'-cuguucgggcgccaCTGCTAGA-3'.
Nucleotides were purchased from Fermentas Life Sciences, and
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PFA was purchased from Sigma. 5'-Radiolabeling was
performed essentially as described previously (12). Briefly, 5'-
radiolabeling was performed with [y-**P]ATP (PerkinElmer
Life Sciences) and T4 polynucleotide kinase (Fermentas). Re-
actions were allowed to proceed for 1 h at 37 °C. Labeled DNA
or RNA was subjected to phenol-chloroform purification and
further purified using P-30 size exclusion columns (Bio-Rad).
3’-Radiolabeling of RNA was performed with [5'-**P]pCp and
T4 RNA ligase, allowed to proceed overnight at 4 °C, and
purified as described above.

DNA Synthesis Assay—5'-Radiolabeled PBS-22dpol was
heat-annealed to a 3-fold excess of PBS-42r and allowed to cool
to room temperature for 45 min. 500 nm HIV-1 RT was then
preincubated for 10 min with 100 nm of the preformed DNA/
RNA hybrid, and inhibitor in a buffer containing 50 mm Tris-
HCI (pH 7.8), 50 mMm NaCl, and 0.2 mm EDTA. Reactions were
initiated with 6 mm MgCl, and allowed to proceed for 0.13,
0.33,0.5,1,1.5,2, 3,4, 5, 8, and 10 min. Reactions were stopped
with the addition of formamide and 20 mm EDTA. Samples
were resolved on a 12% denaturing polyacrylamide gel and
visualized by Phosphorlmaging. Bands were quantified by
QuantityOne software (Bio-Rad). Results were graphed using
GraphPad Prism (version 5.0).

IC, Determination for Primary and Secondary RNase H
Cleavages of HIV-1 RT and E. coli RNase H—To compare activ-
ity and inhibition of E. coli RNase H with HIV-1 RNase H, the
concentration of the E. coli was adjusted to the efficiency of 500
nM HIV-1 RT in the absence of inhibitor. For IC,, determina-
tion, 100 nm of 5'-radiolabeled PBS-14r8d was heat annealed to
a 3-fold molar excess as described above. 100 nm preformed
DNA-RNA/DNA hybrid was incubated with 500 nm HIV-1 RT
or 10 nM E. coli RNase Hin a buffer of 50 mm Tris-HCl (pH 7.8),
50 mm NaCl, 0.2 mm EDTA, and varying concentrations of
GSK5750 and B-thujaplicinol. Reactions were initiated by the
addition of 6 mm MgCl, and allowed to proceed at 37 °C for 6
min. Samples were analyzed as described above.

Order-of-Addition Experiments—DNA/RNA hybrids were
prepared as described above with PBS-22dpol primer and
3’-radiolabeled PBS-52r template. 100 nm DNA/RNA hybrid
was added to 1 um HIV-1 RT in a buffer containing 50 mm
Tris-HCI (pH 7.8), 50 mm NaCl, 1 mm EDTA, and 50 um
GSK5750, as well as 6 mm MgCl,. Components in the preincu-
bation mixes were incubated at 37 °C for 10 min. Reactions
were allowed to proceed for 0.05, 0.1, 0.25,0.5,0.75, 1, 2,4, 8, 16,
24, and 30 s and were rapidly quenched with 100 ul of 0.5 M
EDTA. These experiments were conducted with a RQF-3 rapid
quench-flow instrument (Kintek; Austin, TX). The order of
component addition was varied as described in the results sec-
tion. Samples were analyzed as described above.

Determination of the Equilibrium Dissociation Constant (K,)
for GSK5750—Multiple time course experiments were per-
formed with a quench-flow apparatus as described for order-
of-addition experiments. In this case, 1 um HIV-1 RT was
added to 50 mm Tris-HCI (pH 7.8), 50 mm NaCl, 6 mm MgCl,,
and varying concentrations of GSK5750 to form enzyme-inhib-
itor (E-I) complexes. E-I complexes were rapidly mixed with
100 nMm DNA/RNA hybrid (PBS-22dpol/PBS-50r) and 1 mm
EDTA. Concentrations of GSK5750 were 0, 250, 500, 1000,
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FIGURE 1. Structures of active site RNase H inhibitors GSK5750 and B-thujaplicinol.

2000, and 5000 nm. The resulting curves were fit to the first
order exponential equation (Y=Y, X (1 — exp(—K X X))).
The burst amplitudes were then plotted against the GSK5750
concentration, and the resulting curve was fit to a quadratic
equation (Y = E — 05{(K + E+ X) — [(K + E + X)* —
4(E)X]°°}) to give the equilibrium dissociation constant K, for
the E-I complex. The entire experiment was performed in trip-
licate, and the reported K, values represent the mean = S.D.

Complex Stabilization Time Course—DNA/RNA hybrids
were prepared as described above with PBS-22dpol primer and
3'-radiolabeled PBS-52r template. 2 um GSK5750 or 1%
dimethyl sulfoxide was added to 500 nm HIV-1 RT in a buffer
containing 50 mm Tris-HCl (pH 7.8), 50 mm NaCl, 1 mMm EDTA,
and 6 mm MgCl,. Components in the preincubation mixes were
incubated at 37 °C for 10 min. Reactions were initiated with 50
nM DNA/RNA hybrid and/or 0.5 um GSK5750 and were
allowed to proceed for 0, 1, 5, 10, 30, 60, 120, 240, and 360 min.

Preincubation Time Course—Experiments were performed
essentially as described above under “Complex Stabilization
Time Course,” except GSK5750 and $-thujaplicinol concentra-
tions were 0.5 uM and 50 uM, respectively. Time = 0 was
defined as the addition of MgCl, to the reaction. Samples were
taken at preincubation times of 1, 2, 4, 8, 16, 24, 32, 60, and 90
min. Reactions were started by the addition of DNA/RNA
hybrid and allowed to proceed for 30 s. Samples were resolved
and quantified as described above.

Computational Methods—The three-dimensional structures
of B-thujaplicinol and 4-amino-1-hydroxypyridopyrimidin-2-
one, the minimal pharmacophore of GSK5750, were generated
using Concord software (version 4.0.7, Tripos, Intl; St. Louis,
MO). Similarly, two anionic structures of B-thujaplicinol were
generated: one with a negatively ionized, 2-hydroxyl group and
the second with a negatively ionized, 7-hydroxyl group. An ani-
onic structure of 4-amino-1-hydroxypyridopyrimidin-2-one
was also generated with its 1-hydroxyl group negatively ionized.
The three-dimensional structures of all molecules were geom-
etry optimized at the HF/6-311+ +G** level of theory. Single
point energies, total electron densities, and electrostatic poten-
tials were then calculated at the MP2 level with the same basis
set. For each anion, the electrostatic potential was mapped onto
the 0.002 electron density surface with the resultant maps using
the same scale, —0.28 to 0.08 eV, for equivalent color coding.
All quantum mechanics calculations were performed with
Gaussian 03 (revision C.02, Gaussian, Inc.; Wallingford, CT),
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and all figures were generated using GaussView (Semichem,
Inc.; Shawnee Mission, KS).

RESULTS

Effects of GSK5750 on the Polymerase and RNase H Activities
of HIV-1 RT—GSK5750 was designed as an active site inhibitor
of the HIV-1 RT-associated RNase H. Similar to B-thujaplicinol
and other active site inhibitors, GSK5750 features structural
motifs capable of chelating divalent metal ions (Fig. 1).
GSK5750 shows two exo-cyclic oxygen atoms and one aromatic
nitrogen atom. The goal of this study was to characterize the
biochemical properties of GSK5750. We focused on its ability
to compete with the nucleic acid substrate at the RNase H
active site to determine whether the development of tight bind-
ing RNase H inhibitors is conceivable. Initially, we employed a
gel-based assay to study potential effects of GSK5750 on the
polymerase activity of HIV-1 RT (Fig. 2). We devised a model
DNA/RNA primer/template substrate to monitor DNA syn-
thesis over a short stretch of eight nucleotides (Fig. 24). We
performed time course experiments with a high concentration
of 20 uM of the polymerase inhibitor PFA, GSK5750, and 3-thu-
japlicinol, respectively (Fig. 2B). Although the addition of PFA
shows inhibition of DNA synthesis, neither GSK5750 nor
B-thujaplicinol affect the polymerase activity under these con-
ditions (Fig. 2C).

Previous studies have shown that HIV-1 RNase H inhibitors
weakly inhibit primary cleavage events on intact substrates, as
free access to the active site is likely impeded. However, second-
ary cleavage events are more efficiently inhibited with B-thuja-
plicinol and derivatives. To assess the extent with which
GSK5750 interferes with RNase H-induced primary and sec-
ondary cleavage events, we used a chimeric DNA-RNA/DNA
primer/template substrate that mimics the tRNA (—)-strand
primer removal reaction (Fig. 34). At the same time, we tested
the inhibitory effects of GSK5750 and B-thujaplicinol against
E. coli RNase H to assess specificity for inhibition. In this exper-
iment, we observed primary RNase H cleavage one base pair
downstream of the DNA-RNA junction, followed by down-
stream secondary cleavages, as described previously (10). Sim-
ilar to B-thujaplicinol, GSK5750 inhibits secondary cleavages,
but only weakly inhibits the primary cleavage (Fig. 3B). The lack
of appreciable primary cleavage inhibition points to similar
obstacles that limit the access of small molecule inhibitors to
the RNase H active site. However, inhibition of secondary cuts
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FIGURE 2. Effect of RNase H inhibitors on DNA synthesis by HIV-1 RT. A, sequence of polymerase-dependent substrate used in this assay. * indicates 5'-
radiolabeled primer. B, time course of DNA synthesis (0—10 min) in the absence and presence of PFA, GSK5750, and B-thujaplicinol. C, results from B shown
graphically. Polymerase activity in the absence of inhibitor (O), with GSK5750 (X), with B-thujaplicinol (#), and with PFA ((J) was plotted and fitted to a single

exponential function.

is specific to the HIV-1 enzyme. Weak inhibition of E. coli
RNase H is seen only at high concentrations of 50 um B-thuja-
plicinol. GSK5750 shows no significant inhibitory effect against
the E. coli enzyme. The potency of inhibition of the secondary
cuts was also stronger than that seen with B-thujaplicinol
(GSK5750, IC, = 0.33 = 0.11 um; B-thujaplicinol, IC,, = 3.8 +
0.65 um) (Fig. 3C).

Dissociation Kinetics of GSK5750—We next performed
order-of-addition experiments in attempts to determine
whether GSK5750 binds preferentially to the free enzyme in the
presence of divalent metal ions, similar to that shown previ-
ously with B-thujaplicinol, We used the model DNA/RNA sub-
strate shown in Fig. 4A. There are no significant effects on
RNase H activity due to the order-of-addition in the absence of
inhibitor: preincubation of HIV-1 RT with or without MgCl, or
with DNA/RNA substrate (Fig. 4B). The experimental setup in
the presence of GSK5750 was as follows: (i) preincubation of RT
with DNA/RNA and GSK5750, starting the reaction with
MgCl,; (ii) preincubation of RT with GSK5750 alone, starting
the reaction with DNA/RNA and MgCl,; and (iii) preincuba-
tion of RT with GSK5750 and MgCl, and starting the reaction
with  DNA/RNA. Inhibition was observed solely when
GSK5750 was pre-incubated with enzyme and catalytic metal
ions, which provides strong evidence for active site binding
(Fig. 4C). Intriguingly, inhibition of RNase H activity is sus-
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tained for 30 s at a point when substrate cleavage has com-
pletely rebounded in the presence of B-thujaplicinol (10). These
findings suggest that dissociation of GSK5750 from the RNase
H active site is significantly reduced when compared with
B-thujaplicinol. Hence, we next determined the apparent rate
of dissociation of inhibitor from the E-I complex. We pre-
formed the RT-GSK5750 complex in the presence of MgCl,,
added RNA/DNA substrate, and followed the RNase H cleav-
age reaction over longer periods of time (Fig. 4D). In the
absence of GSK5750, the substrate was completely cleaved
within the first minute of the reaction. Remarkably, in the pres-
ence of GSK5750, 50% of the substrate remained intact after 60
min, and complete cleavage was observed after 400 min (Fig.
4B). By comparison, 100% of the substrate was cleaved after 20 s
in the presence of B-thujaplicinol under the same conditions
(10).

Association Kinetics of GSK5750—To determine the rate of
inhibitor association, we investigated the effect of the pre-incu-
bation period in the formation of an E-I complex on RNase H
inhibition using the same model DNA/RNA substrate. In this
assay, we varied the time between the addition of inhibitor to
free enzyme and the initiation of the reaction with substrate
(Fig. 5). We observed that maximum inhibition by GSK5750
occurred only after ~8 min of pre-incubation. This demon-
strates that binding of GSK5750 to HIV-1 RT is slow. The rapid
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FIGURE 3. Inhibition of RNase H activity of HIV-1 RT and E. coliRNase H by GSK5750 and g-thujaplicinol. A, a chimeric DNA-RNA/DNA substrate was used
in the assay, which mimics the (—)-strand primer removal reaction. The primary RNase H cleavage occurs at the DNA/RNA junction +1, as indicated. * indicates
5'-radiolabeled primer. B, comparative effects of GSK5750 and B-thujaplicinol on the RNase H activity of HIV-1 RT and E. coli RNase H on the chimeric substrate
shown in A. C, results from B for the HIV-1 RT primary (O) and secondary (ll) cuts are shown graphically. IC,, values for HIV-1 RT secondary cleavages are 0.33 =

0.11 um and 3.8 = 0.65 um for GSK5750 and B-thujaplicinol, respectively.

dissociation of B-thujaplicinol prevents accurate measure-
ments of rates of association under these conditions (Fig. 5).
Affinity of GSK5750 to HIV-1 RT RNase H—To further assess
binding of GSK5750 to HIV-1 RT, we measured the equilibrium
dissociation constant (K ;) of GSK5750 (Fig. 6, A and B). RNase
H activity was determined on a DNA/RNA primer/template
with a recessed 3'-primer end in the presence of varying con-
centrations of GSK5750. The resulting curves show a change in
the maximum product (Y,,,,) but not in the observed rate
(k,ps)- Plotting the values for Y, against inhibitor concentra-

obs. ax

tion gives a K, value for GSK5750 of 386.5 == 177.5 nm.

DISCUSSION

In this study, we evaluated the properties of a novel HIV-1 RT
RNase H inhibitor, referred to as GSK5750. Despite the devel-
opment of compounds that show RNase H inhibition in cell-
free assays, antiviral activity of compounds that unequivocally
target the RNase H active site is yet to be demonstrated. The
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rather shallow active site is generally viewed as a problem in the
development of HIV-1 RT RNase H inhibitors (2, 33). However,
the recent approval of boceprevir and telaprevir for the hepati-
tis C virus NS3-4A serine protease demonstrates that effective
small molecules can be designed for shallow binding sites (34—
36). We and others have demonstrated that competition with
the nucleic acid substrate is a related potential obstacle in this
context (10, 23, 31). Order-of-addition experiments revealed
that B-thujaplicinol does not bind to a pre-formed complex
composed of HIV-1 RT and substrate (10). GSK5750 shows the
same behavior in this regard. These experiments also pro-
vide strong evidence that GSK5750 is bound at the RNase H
active site through a metal ion chelation mechanism. When
substrate binding is allowed prior to the start of the reaction,
no RNase H inhibition is observed over the time course of a
single turnover event. Therefore, similar to B-thujaplicinol,
GSK5750 is denied access to the Mg®™" ions in the RNase H
active site by the bound substrate. However, RNase H inhi-
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FIGURE 4. Effects of the order-of-addition on inhibition of RNase H activity. A, sequence of the polymerase-dependent substrate used in this assay. Primary
RNase H cleavages are indicated. * indicates 3'-radiolabeled primer. B, graphic representation of the effects of the order-of-addition of reaction components
in the absence of inhibitor. Percent activity refers to the percentage of RNA template converted into the —18 and —19 major products. C, effects of the
order-of-addition of reaction components during inhibition by GSK5750 (0.5 um) under pre-steady-state conditions. D, results of extended time course

experiment using the inhibited pre-formed E-I-S complex from C.

bition with GSK5750 is seen over protracted periods of time
in the range of hours, provided that the E-I complex is pre-
formed. In contrast, B-thujaplicinol appears to dissociate
from the complex within seconds.

The slower dissociation of GSK5750 from the RNase H active
site is likely due to its larger metal-chelating scaffold compared
with that of B-thujaplicinol and, thus, the amount of electron
density available for coordinate bond formation. This is illus-
trated by the electrostatic potential maps, in which the metal-
ligating atoms of GSK5750 are more electron-rich compared
with those of B-thujaplicinol (Fig. 7). For the B-thujaplicinol
anion, we speculate that its negative charge may not be as read-
ily available for coordinate bond formation due to its delocal-
ization across the tropolone ring, carbonyl, and hydroxyl
groups. This is generally consistent with the perspective of
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Himmel et al. (22), with the exception that they suggest that
B-thujaplicinol binds as a neutral molecule.

In addition to the slow dissociation of GSK5750 from the E-I
complex, the formation of a stable E-I-S complex, in which the
inhibitor is trapped by the nucleic acid substrate, may also con-
tribute to the increased duration of inhibition and potency of
GSK5750. The existence of such a complex has been postulated
in the context of B-thujaplicinol (22). It is conceivable that the
benzothiophene moiety of GSK5750 contributes to this inter-
action by directly binding to the substrate, perhaps by
intercalation.

It is also of interest that GSK5750 requires an unexpectedly
long pre-incubation with enzyme to achieve maximal inhibi-
tion. We propose that this apparent slow rate of formation of an
active, inhibitory E-I complex is in part due to the rate of depro-
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FIGURE 5. Time course assay showing association of GSK5750 with free
enzyme. x axis represents time from the creation of the E-l complex to the
addition of primer/template (P/T) substrate for both 50 um B-thujaplicinol (O)
and 0.5 um GSK5750 (H).
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FIGURE 6. Pre-steady-state RNase H activity in the presence of GSK5750.
A, various concentrations of GSK5750 were pre-incubated with MgCl, and RT.
Reactions were started with DNA/RNA. Concentrations of GSK5750 are 0 nm
(@), 100 nm ([), 250 nm (A), 500 nv (), 1250 nv ( 4 ), and 2500 nm (O). B, burst
amplitudes from A (O) plotted against the concentration of GSK5750 and
fitted to a quadratic equation. A K, (inhibitor) value of 386.5 = 177.5 nm was
calculated from the experiment done in triplicate.

tonation of the hydroxyl groupof GSK5750; a prerequisite for
the formation of coordinate bonds with the active site metals.
The metal cations themselves should facilitate the deprotona-
tion process by lowering the free energy associated with proton
abstraction. Although the slow rate of dissociation of GSK5750
allows this observation to be made by the methods employed
here, the fast dissociation rate of B-thujaplicinol precludes its
ability to demonstrate similar kinetics.

Collectively, this report illustrates methods for the biochem-
ical characterization and comparison of metal-chelating RNase

16276 JOURNAL OF BIOLOGICAL CHEMISTRY

FIGURE 7. The geometry-optimized molecular structures of B-thujapli-
cinol (A) and GSK5750 (B). The 2-hydroxyl group of B-thujaplicinol and the
1-hydroxyl group of GSK5750 are negatively ionized. Their electrostatic
potential maps are color-coded with shades of red representing electron-rich
regions, whereas shades of blue represent electron-poor regions.

H inhibitors. By these methods, GSK5750 was found to be supe-
rior to B-thujaplicinol, most notably in its ability to form a long-
lasting complex with HIV-1 RT, which may in part neutralize
the obstacle presented by the competing nucleic acid substrate.
Thus, inhibitors based on this scaffold or other scaffolds with
similar or better binding profiles that also include faster rates of
association, may help to advance the development of antiviral
drugs that target the RNase H activity of HIV-1 RT.
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