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Abstract

Islatravir (EFdA) is a novel nucleoside reverse transcriptase translocation inhibitor (NRTTI) that potently
blocks HIV-1 replication in vivo. Its unique structural features in contrast to nucleoside reverse transcrip-
tase inhibitors (NRTIs), particularly the 4’-ethynyl and 3'-hydroxy groups, contribute to its high clinical
potency. Once intracellularly activated to EFdA 5'-triphosphate (EFdA-TP), it competes with dATP for
incorporation by HIV-1 reverse transcriptase (RT) during HIV-1 genomic replication. The 4’-ethynyl group
of incorporated EFdA-MP interacts with a hydrophobic pocket of HIV-1 RT, hindering DNA translocation
and terminating DNA synthesis. The M184V mutation, commonly associated with resistance to NRTIs
such as lamivudine and emtricitabine, and the M184V/A114S mutations, both located within the
hydrophobic pocket, were shown to reduce Islatravir susceptibility in cell-based viral resistance selection
assays. To elucidate the mechanisms by which these mutations affect Islatravir inhibition, we employed
pre-steady-state kinetics to investigate their impact on EFdA-TP incorporation by HIV-1 RT using both
DNA and RNA templates. We found that M184V had a modest effect on EFAA-TP incorporation efficiency,
increasing it 2-fold with the DNA template and decreasing it 3-fold with the RNA template. In contrast,
M184V/A114S significantly inhibited EFdA-TP incorporation, reducing its incorporation efficiency 5.4-
fold with the DNA template and 181-fold with the RNA template. These reductions were primarily attribu-
table to corresponding decreases in EFdA-TP incorporation rate constants of 18-fold and 105-fold,
respectively. These results suggest that, unlike FDA-approved NRTIs, the clinical efficacy of Islatravir,
may not be substantially compromised by the M184V mutation alone but will be significantly reduced
by the M184V/A114S mutations.

© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.

Introduction

HIV-1 reverse transcriptase (RT) is a
multifunctional enzyme that catalyzes the reverse
transcription of the viral RNA genome into double-
stranded DNA prior to integration into the host
genome.’? This process involves both DNA-
dependent DNA polymerase and RNA-dependent
DNA polymerase activities of HIV-1 RT.%>° Addition-
ally, HIV-1 RT possesses RNase H activity, which

degrades the RNA template during reverse tran-
scription.'*¢8  Antiretroviral therapy for HIV-1
infection often includes the inhibition of HIV-1 RT,
a critical enzyme for viral replication cycle. Two
main classes of antiviral drugs, nucleoside/nu-
cleotide reverse transcriptase inhibitors (NRTIs)
and non-nucleoside reverse transcriptase inhibitors
(NNRTIs), have been successfully developed in the
past decades to target RT and prevent viral genome
replication.”?~ "> NRTIs are prodrugs that require
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phosphorylation by cellular kinases to form their
active triphosphate analogs. These activated
NRTIs compete with natural dNTPs for incorpora-
tion into the growing viral DNA chain by HIV-1 RT.
Currently FDA-approved NRTIs inhibit HIV-1 RT
through chain termination due to their lack of a 3'-
hydroxyl group, preventing further DNA elongation
by HIV-1 RT. NNRTIs, often used in combination
with NRTIs, bind to a non-competitive, allosteric site
on RT which is opposite to the NRTI binding site,
inducing conformational changes that impair the
catalytic activities of HIV-1 RT.”"#~'*

Islatravir, 4'-ethynyl-2-fluoro-2’-deoxyadenosine
(EFdA), is a deoxyadenosine analogue, differs
from FDA-approved NRTIs by retaining a 3'-
hydroxyl group (Figure 1), which better matches
and competes against natural dNTPs."® EFdA inhi-
bits HIV-1 RT via a unique mechanism as a nucle-
oside reverse transcriptase translocation inhibitor
(NRTTI).""® The 4-ethynyl (4'-E) group of EFdA
forms hydrophobic interactions with the hydropho-
bic pocket of HIV-1 RT, comprised of residues
A114, Y115, F160, M184, and D185 (Figure 2A)."”
These interactions prevent RT translocation follow-
ing EFJA-TP incorporation.’” Additionally, there are
several residues (A113, A114, Y115, and Q151)
that interact with the 3'-hydroxyl group of both natu-
ral dNTPs and EFdA-TP.'”'® Islatravir demon-
strates high potency against HIV-1, with an ECsq
of 50 pM in cell culture assays.'*'®?° This potent
antiviral drug candidate is currently being evaluated
in multiple Phase 3 clinical trials.

Treatment with HIV-1 RT inhibitors often leads to
the emergence of drug-resistant HIV-1 strains
through RT mutations. For example, the M184V
substitution in HIV-1 RT is a well-established
mechanism of resistance to several NRTIs such
as lamivudine (3TC) and emtricitabine (FTC). This
mutation occurs within the highly conserved
YMDD motif found in several viral polymerases,
including HIV-1 RT and HBV polymerase.
Compared to wild-type (WT) HIV-1 RT, M184V
confers very high levels of resistance §>100-fold)
to lamivudine and emtricitabine.'®?"?* Previous
kinetic studies have shown that the M184V muta-
tion primarily reduces the binding affinity of these
NRTIs for the RT active site, leading to a significant
decrease in their incorporation efficiency.?*“* Addi-
tionally, previous viral resistance selection studies

dATP

show that M184V is the most common substitution
mutation to emerge after treatment with Islatravir,
conferring ~7-fold loss in susceptibility to Islatravir.
Another substitution mutation in HIV-1 RT, A114S,
lowers the potency of Islatravir by ~2=fold but aug-
ments the resistance conferred by M184V resulting
in an overall ~40-fold loss'in susceptibility to'Isla=
travif.'® To elucidate the molecular mechanism of
resistance conferred by the M184V and M184V/
A114S mutations in HIV-1 RT, we employed pre-
steady-state kinetic analysis to investigate the
impact of these mutations on the nucleotide incor-
poration efficiency of EFJA-TP and dATP with both
DNA and RNA templates. Our results provide a
kinetic basis for the aforementioned decreases in
Islatravir’s potency by these HIV-1 RT mutations.

Material and Methods

Materials

[v->2P]JATP was purchased from Revvity Health
Sciences, dATP from Fisher Scientific, and
Biospin columns from Bio-Rad Laboratories.
EFdA-TP was provided by Merck & Co., Inc. A
DNA primer (21mer), a DNA template (27-DNA),
and an RNA template (27-RNA) in Table 1 were
purchased from Integrated DNA Technologies,
Inc. and purified using polyacrylamide gel
electrophoresis (PAGE).

DNA substrates

The primer, 21mer, was radiolabeled with £y-32P]
ATP at 37 °C by T4 polynucleotide kinase.** The
unreacted [y-32P] ATP was subsequently removed
via a Bio-Spin 6 column (Bio-Rad).”>*° To form
21/27-DNA and 21/27-RNA (Table 1), the primer
and template were annealed in a 1:1.2 molar ratio
in 20 mM Tris-HCI, pH 7.9 by heating at 95 °C for
5 min and slow cooling to room temperature over
three hours.?”#®

Proteins

Site-directed mutagenesis of WT HIV-1 RT
expression plasmid®® was used to generate expres-
sion plasmids encoding the M184V and M184V/
A114S HIV-1 RT mutants at the Florida State
University Department of Biological Science Core
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Figure 1. Chemical structures of dATP and 4’-ethynyl-2-fluoro-2’-deoxyadenosine 5'-triphosphate (EFdA-TP).
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Facilities. The plasmids were subsequently
sequenced at the same facilities to confirm the
desired mutations. WT and mutant (M184V and
M184V/A1148S) HIV-1 RT proteins were individually
expressed  and purified as previously
described.?*?9

Pre-steady-state kinetic assays

Experiments were conducted at 37 °C using a
rapid chemical quench-flow apparatus (KinTek) in
the RT buffer (50 mM Tris-HCI, pH 7.9 at 37 °C,
10 mM MgCl,, 50 mM NaCl, 0.1 mM EDTA,
10% glycerol, 5 mM DTT, 0.1 ug/ml BSA).>® A
preincubated solution of HIV-1 RT (300 nM) and
5'-32P-labeled 21/27-DNA or 21/27-RNA (60 nM)
was rapidly mixed with varying concentrations of
dATP or EFdA-TP. After various times, the reac-
tions were quenched with 0.37 M EDTA. All con-
centrations reported are final upon mixing unless
stated otherwise. The reaction mixtures were
denatured at 95 °C for 5 min and then separated
by denaturing PAGE 517% acrylamide, 8 M urea,
and 1x TBE buffer).>°°" After drying, the gels were
imaged with a Typhoon TRIO (GE Healthcare).
ImageQuant (Molecular Dynamics) was used to
analyze the gel images and background-
corrected intensities were used to calculate incor-
porated products.®*>' A non-linear regression soft-
ware KaleidaGraph (Synergy) was used to fit the
plot of product concentration versus time to a
single-exponential equation,

[Product] = A[1 — el as?)] (1)

where A and k,ps represent a reaction amplitude
and an observed nucleotide incorporation rate
constant, respectively. The k,,s was then plotted
against nucleotide concentration to a hyperbolic
equation,

kovs = kp[dNTP]/(Kq + [dNTP]) ()

where k, is the maximal nucleotide incorporation
rate constant, and K; the apparent nucleotide
binding equilibrium dissociation constant. Each
kinetic assay was repeated three times. Standard
error for the k,/K; was calculated using the
standard error propagation equation for a ratio

was calculated using the standard error
propagation equation,

oo Ko [(0K\" (0Kq)® @)
Ks Kg k, Kq

Standard error for the selectivity factor,

(kp/Kd)(dATP)/(kp/Kd)(EFdA-TP)y was calculated using
the standard error propagation equation,

B 0 (kp/Ka) gate) 2 0(kp/Ka) groa_1e) 2
7= SJ ( (Kp/Ka) aae) > * ( (Ko/Ka) gran e, ) 4)

where s is the selectivity factor.

Modeling

To model HIV-1 RT mutations structurally, we
introduced the desired mutated residues into the
pre-insertion ternary structure of wild-type HIV-1
RT (PDB 5J2M)* using COOT.** Assuming single
residue mutations do not significantly perturb the
overall protein backbone, the Ca positions of the
mutated residues were maintained in positions sim-
ilar to those of the wild-type HIV-1 RT structure
(PDB 5J2M).%2

Results and Discussion

Previous HIV-1 infected cell-based assays
selecting for resistance to Islatravir have identified
mutations in HIV-1 RT, specifically M1841, M184V,
and the combined M184V/A114S."° Interestingly,
M184V typically outcompetes the initially emerging
M184l mutation and is the predominant mutation
observed in patients experiencing virologic failure
on NRTI treatment.** A114S has minimal impact
on the polymerase activities of HIV-1 RT based on
published steady state kinetic assays,®® is very
rarely seen clinically,'®*® and only appears along-
side M184V in the viral resistance selection
assays.'? For these reasons, we focused on the
investigation of the kinetic basis for the reduced
susceptibility to Islatravir conferred by the M184V
and M184V/A114S HIV-1 RT mutants. Similar to
our previous kinetic studies on antiviral and anti-
cancer nucleoside analogs,”*?"*"*% we utilized
pre-steady-state kinetic assays (Material and Meth-
ods) to determine the kinetic parameters (k,, Kgy) for
EFdA-TP incorporation onto 21/27-DNA (Table 1)
by M184V (Figure 3, Table 2). The incorporation
efficiency (ky,/Ky) of EFAA-TP and its standard error
were then calculated (Table 2). Likewise, k,, Ky,
and ky/Ky for EFdA-TP incorporation were deter-
mined with either 21/27-DNA or 21/27-RNA
(Table 1) by WT or the M184V and M184V/A114S
HIV-1 RT mutants and these pre-steady-state
kinetic parameters were listed in Table 2. For com-
parison, the corresponding parameters for dATP
incorporation were also determined (Table 2). To
assess the relative nucleotide incorporation effi-
ciencies with each enzyme and template, a selectiv-
|ty factor, defined as (kp/Kd)(dATP)/(kp/Kd)(EFdA—TP)a
was calculated (Table 2).

Interestingly, WT HIV-1 RT incorporated EFdA-
TP and dATP with comparable efficiencies,
exhibiting a small selectivity factor of 1.3 = 0.7
with both DNA and RNA templates (Table 2). In
comparison, our previous studies have determined
the selectivity factors of 1.9 and 7.0 for the
incorporation of FTC-TP and 3TC-TP relative to
dCTP by WT HIV-1 RT, respectively.”® These
results suggest that EFdA-TP, like the known effi-
cient substrates FTC-TP and 3TC-TP, was incorpo-
rated by WT HIV-1 RT with the efficiency (k,/K)
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Figure 2. Zoomed view of the pre-insertion ternary complex of WT HIV-1 RT with DNA and EFdA-TP (PDB: 5J2M)
and molecular modeling of mutated residues in the vicinity of the EFdA-TP. (A) Hydrophobic interactions (atoms
within 4 A; yellow dotted lines) of the 4’-ethynyl group of EFdA-TP within the hydrophobic pocket (light blue surface)
near the polymerase active site. (B) Interactions (dotted lines) between EFdA-TP, the templating nucleotide dT, water
molecules (red spheres, W, W,, and W), Mg®*, and active site residues of HIV-1 RT. The 2-fluoro atom of EFJA-TP
(cyan) forms halogen bonds (cyan) with the 2-carbonyl oxygen atom of dT and the oxygen atom of W,. (C) Zoomed
view of the interactions between the 4’-ethynyl group of EFdA-TP with residues M184 and A114 of WT HIV-1 RT. (D)
Interactions between the 4'-ethynyl group of EFJA-TP and modeled M184V and A114S rotamers. In Panels B-D,

labeled distances are in A.

Table 1 Double-stranded DNA substrates with either a
DNA or an RNA template.

21/27-DNA 5 -ACAGTCCCTGTTCGGGCGCCG-3/
3’ -GTGTCAGGGACAAGCCCGCGGCTGGAT-5
21/27-RNA 5 -ACAGTCCCTGTTCGGGCGCCG-3'

3’ - GUGUCAGGGACAAGCCCGCGGCUGGAU-5'

almost equal to that of the natural nucleotide dATP,
explaining the observed high potency of Islatravir
against HIV-1 viruses containing WT HIV-1 RT. In
comparison, the k, values of dATP are slightly
higher than those of EFdA-TP while the Ky values
for the two nucleotides are the opposite (Table 2).
The lower Ky values of EFdA-TP indicate that
EFdA-TP was bound slightly tighter than dATP in
the nucleotide binding site (N-site) of HIV-1 RT.
The 4’-ethynyl group of EFdA-TP binds and inter-
acts with the well-defined hydrophobic pocket (Fig-
ure 2A) while other chemical groups of EFdA-TP
engage in intense interactions with the templating
nucleotide dTMP, Mg®*, ordered water molecules,

and active site residues (Figure 2B). Notably, the
2-fluoro atom of EFdA-TP forms a halogen bond
with the 2-carbonyl oxygen atom of dTMP (Fig-
ure 2B), a feature that does not exist in the dATP:
dTMP pair.

Relative to WT HIV-1 RT, the M184V mutation
introduced template-dependent selectivity. With
the RNA template, the selectivity factor was
1.1 =+ 0.6, while with the DNA template, it was
1.0 + 0.4 (Table 2). In comparison, previous
steady-state kinetic analysis showed that the
M184V mutation in HIV-1 RT reduces the catalytic
efficiency (k.a/Kn) of EFAA-TP incorporation with
a DNA template by 1.2-fold.** Our observed small
selectivity factors are not statistically significant
from one another, indicating that the M184V muta-
tion does not discriminate against EFdA-TP incor-
poration relative to dATP incorporation, with either
DNA or RNA templates. It is worth noting that error
ranges for selectivity factors are often not reported
due to the accumulation of errors and because they
may not be the most reliable metric for direct com-
parison between different selectivity factors. Selec-
tivity factors serve as indicators of the relative
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Figure 3. Determination of EFdA-TP incorporation kinetic parameters at 37 °C. A pre-incubated solution of 300 nM
M184V HIV-1 RT and 60 nM 5'-*P-labeled 21/27-DNA was mixed with increasing concentrations of EFJA-TP (1 uM,

®; 3 1M, m; 6 uM, A; 12 uM, ;25 uM, ¢; 50 pM,

; 100 uM, 4) for various times before quenched with 0.37 M EDTA.

(A) A representative Urea-PAGE gel of 4 uM EFdA-TP incorporation with DNA oligomer sizes indicated (right). (B)
DNA product concentrations were plotted against time, and each time course was fit to a single-exponential equation
(Eq. (1)) to yield kqops- (C) The kops values were plotted against EFdA-TP concentration and the resulting plot was fit to
a hyperbolic equation (Eqg. (2)) to yield a k, of 199 + 25 s~ "and a Ky of 12 + 3.4 uM for EFdA-TP incorporation.

differences in incorporation efficiency. Furthermore,
M184V displayed a ~2-fold increase in the k,/Ky
value of EFdA-TP compared to WT HIV-1 RT with
the DNA template, but a ~3-fold decrease with
the RNA template (Table 2). These findings provide
evidence that the M184V substitution overall mod-
estly alters the inhibitory potency of Islatravir and
underscore the intrinsic asymmetry of the active site
of HIV-1 RT with respect to DNA and RNA tem-
plates.***° The observed ~7-fold loss in suscepti-
bility to Islatravir caused bg M184V in the viral
resistance selection assays'® may be a function of
thousands of rounds of EFJA-TP binding and incor-
poration during genomic viral replication, especially
during plus strand synthesis. Comparatively, the
M184V mutation decreases the incorporation effi-
ciency of FTC-TP and 3TC-TP by 2,600- to 880-
fold, respectively, with a DNA template.”®

In contrast to M184V, the M184V/A114S mutant
exhibited dramatically different selectivity for dJATP
over EFdA-TP, with selectivity factors of 3.3 = 1.4
(DNA template) and 12 + 5 (RNA template)
(Table 2). With the DNA template, the
incorporation efficiency (k,/Ky) for dATP (3.9 + 0.5

uM~" s7") is ~3.3-fold higher than that of EFdA-
TP (1.2 £ 0.5 uM~' s7 ") (Table 2). The difference
has been determined previously via steady-state
kinetic assays to be 6.5-fold based on the k../K,,
values of dATP and EFdA-TP with a DNA
template.®> With the RNA template, dATP incorpo-
ration (0.59 + 0.17 uM~" s7') was ~13-fold more
efficient than EFdA-TP incorporation (0.047 + 0.01
4 yM~' s7") (Table 2). These results indicate that
the M184V/A114S mutations significantly reduced
EFdA-TP incorporation efficiencies, resulting in a
reduced frequency of EFdA-TP incorporation rela-
tive to dATP during HIV-1 genome replication and
consequently contributing to the observed ~40-
fold loss of Islatravir susceptibility conferred by the
double mutations in HIV-1 RT."?

Relative to WT HIV-1 RT, the M184V/A114S
mutant exhibited a substantial reduction in EFdA-
TP incorporation efficiency: 181-fold with the RNA
template (0.047 +0.014pyM 's 'vs8.5+1.7uM -
s~ ") and 5.4-fold with the DNA template (1.2 + 0.5
uM~ s ' vs 6.5 £ 3.2 uM ' s7") (Table 2). These
reductions in efficiency were primarily driven by
corresponding decreases in k, values of 105-fold
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Table 2 Pre-steady-state kinetic parameters for incorporation of dATP or EFJA-TP onto 21/27-DNA or 21/27-RNA by

WT, M184V, or M184V/A114S at 37 °C.

Substrate HIV-1 RT Nucleotide K, (™) Ky (uM) ko/Kg (WM~ s7")*  Selectivity factor”
21/27-DNA (DNA template) ~ WT dATP 227 + 14 27 + 4 84+14
EFdA-TP 125 + 23 19+9 6.5+ 3.2 1.3+0.7
M184V dATP 321 x 21 19+3 17 £ 3
EFdA-TP 199 + 25 12+3 17 +5 1.0+ 0.4
M184V/A114S  dATP 108 £ 5 28+ 3 3.9+05
EFdA-TP 6.9 +0.7 59+24 12x05 33+14
21/27-RNA (RNA template) ~ WT dATP 248 + 56 25+9.8 9.9+45
EFdA-TP 178 = 16 21+37 8.5+ 17 1.2 +0.6
M184V dATP 206+97 73+97 28+ 0.4
EFdA-TP 1819 69 + 10 26+ 0.4 11+0.2
M184V/A114S  dATP 61+8 104+27  0.59 +0.17
EFdA-TP 1.7 £02 36 £ 9.5 0.047 + 0.014 125

& Standard error was calculated based on Eq. (3) (Materials and Methods).
b (ko/Ko)aatry/ (ko/Ka) eraa-Tr). The standard error for each selectivity factor was calculated based on Eq. (4) (Materials and

Methods).

(RNA template: 1.7 + 0.2 s ' vs 178 + 16 s*) and
18-fold (DNA template: 6.9 =+ 0.7 s ' vs
125 + 23 s ') (Table 2). Similarly, dATP
incorporation efficiency with the M184V/A114S
mutant was reduced ~17-fold (RNA template:
059+ 017 M "s 'vs 9.9 + 45 uM~' s7") and
2.2-fold (DNA template: 3.9 + 0.5 pM~ " s ' vs
8.4 = 1.4 uM~ " s7") relative to WT HIV-1 RT, also
reflecting decreases in k, values of ~4-fold
(61 + 8 s ' vs 248 + 56 s ') and 2-fold
(108 + 5 s ' vs 227 + 14 s '), respectively
(Table 2). In light of the established kinetic
mechanism by which HIV-1 RT utilizes active site
rearrangement to limit the rate of correct natural
dNTP incorporation,®®*“¢*” we speculate the
M184V/A114S mutations induce significant struc-
tural alterations within the active site of the pre-
insertion ternary complex, particularly when
EFdA-TP is bound.

To analyze the HIV-1 RT mutations structurally,
we modeled the desired mutated residues into the
pre-insertion ternary structure of WT HIV-1 RT
(PDB 5J2M)*? using COOT (Materials and Meth-
ods).** Assuming single residue mutations do not
significantly alter the amino acid residue locations,
their Ca positions were thereby kept in similar posi-
tions to those in the WT HIV-1 RT structure.®* The
similar Ca positions allow us to visualize any poten-
tial steric clash after mutating a residue in WT RT
structure. In addition, the side chains of mutated
residues were allowed to exist in different rotamer
conformations. the effective minimum distance
between the 4'-E group of EFdA-TP and S114
was reduced to 2.5 A (Figure 2D) from ~3.5 A
between A114 and 4'-E (Figure 2C). In the two alter-
native rotamers of S114, the distances were mea-
sured to be 3.1 and 4.1 A (Figure 2D). Similarly,

the effective minimum distance, which was esti-
mated to be ~3.5 A between the 4'-E group and
M184 (Figure 2C), was reduced to be 2.8 A when
M184 was mutated to V184 (Figure 2D). In the
two alternative rotamer conformations of V184,
the two side chain carbons are equidistant_to the
4'-E group with estimated distances of 5.0 A each
(Figure 2D). Given that the sum of the van der
Waals radii of carbon and oxygen is ~3.2 A, the
M184V and M184V/A114S mutations likely cause
a steric clash between the 4'-E group and the
mutated residues (S114 and V184) within the
hydrophobic pocket, resulting in slight adjustments
to the positions of EFdA-TP and/or the mutated
residues. These modeling predictions could be val-
idated by structural analysis of the pre-insertion
ternary complex of the M184V/A114S mutant
bound to DNA and EFdA-TP, although such a struc-
ture is not currently available. Taken together, the
M184V/A114S mutations create a tighter hydropho-
bic pocket around the bound EFdA-TP, leading to
its higher binding affinity with the mutant than WT
HIV-1 RT. Consistently, the Ky values of EFdA-TP
are lower with the M184V/A114S mutant (5.9 =
2.4 uM) than with WT HIV-1 RT (19 = 9 uM) in the
presence of the DNA template (Table 2). In compar-
ison, the M184V mutation insignificantly lowered
the Ky value of EFdA-TP (12 £+ 3 uM vs
19 + 9 uM) with the DNA template (Table 2). This
means that the M184V mutation alone insignifi-
cantly alters the active site structure, and the 4'-E
group repositions itself towards A114, leading to
the observed minimal changes in EFdA-TP incorpo-
ration.*® Consistently, besides the comparable Kj
values, the k, values of EFdA-TP incorporation
(199 +25s ' vs 125 + 23 s ') were not significantly
changed by the M184V mutation relative to WT
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HIV-1 RT with the DNA template (Table 2). Due to
lack of a pre-insertion ternary structure with an
RNA template, we could not speculate how EFdA-
TP was bound and incorporated by WT HIV-1 RT
or its mutants (M184V, M184V/A114S) in the pres-
ence of the RNA template (Table 1) and rationalize
the corresponding kinetic parameters listed in
Table 2.

In addition, unlike FDA-approved NRTIs, EFdA-
MP, once incorporated at the primer 3'-terminus,
possesses a 3-OH group, permitting the
incorporation of an additional dNTP before
terminating DNA synthesis via a delayed chain
termination mechanism.’'® HIV-1 RT mutations
(M184V, M184V/A114S) likely alter this additional
dNTP incorporation step, potentially resulting in dis-
tinct mechanisms of Islatravir resistance. Further
kinetic and structural investigations are necessary
to elucidate these differences between WT HIV-1
RT and these mutants.

Conclusion

Pre-steady-state kinetic assays were used to
determine the kinetic basis for reduced Islatravir
susceptibility conferred by the M184V and M184V/
A114S mutations in HIV-1 RT. WT HIV-1 RT
incorporated EFdA-TP and dATP with nearly
equal ky/Ky values. The M184V mutation
increased EFdA-TP incorporation efficiency 2.6-
fold with the DNA template but decreased it 3.3-
fold with the RNA template. In contrast, the
M184V/A114S mutations decreased EFdA-TP
incorporation efficiency 5.4-fold with the DNA
template and 181-fold with the RNA template,
primarily due to corresponding decreases in k,
values of 18-fold and 105-fold, respectively.
Despite these kinetic effects on EFdA-TP
incorporation, the clinical relevance of these
mutations in HIV-1 RT, identified in cell-based
viral resistance selection assays, remains to be
fully elucidated.
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