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The antiretroviral nucleoside analog 2*,3*-dideoxy-3*-thiacytidine (3TC) is a potent inhibitor of wild-type
human immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT). A methionine-to-valine or methi-
onine-to-isoleucine substitution at residue 184 in the HIV-1 YMDD motif, which is located at the RT active site,
leads to a high level of resistance to 3TC. We sought to determine whether 3TC can inhibit the replication of
wild-type murine leukemia virus (MLV), which contains V223 at the YVDD active site motif of the MLV RT,
and of the V223M, V223I, V223A, and V223S mutant RTs. Surprisingly, the wild type and all four of the V223
mutants of MLV RT were highly resistant to 3TC. These results indicate that determinants outside the YVDD
motif of MLV RT confer a high level of resistance to 3TC. Therefore, structural differences among similar RTs
might result in widely divergent sensitivities to antiretroviral nucleoside analogs.

Currently, 14 antiviral drugs have been approved for clinical
use to combat human immunodeficiency virus type 1 (HIV-1)
infections (11, 52). When used in combination, many of these
drugs have been shown to prolong the life expectancy of in-
fected individuals and slow the progression of AIDS (12, 14,
19, 20, 38, 40). Most of these drugs, both nucleoside and
nonnucleoside inhibitors, have been designed to target reverse
transcriptase (RT) (2, 10, 51). One of the compounds used in
combination therapy is the nucleoside analog 29,39-dideoxy-39-
thiacytidine (3TC) (4, 19, 20, 35, 49). The triphosphate form of
3TC inhibits reverse transcription through chain termination
of DNA polymerization, a function carried out by RT, and
therefore has been observed to be a potent inhibitor of both
HIV-1 and -2 replication (2, 9, 10). In addition to the clinical
benefits (19, 20, 35, 44) associated with the use of this nucle-
oside analog, 3TC exhibits low toxicity even at millimolar con-
centrations (7, 9, 15, 34).

All of the drugs being used for therapy to combat HIV-1
infections eventually result in drug-resistant mutants, thereby
allowing the progression of the disease. Resistance to 3TC is
no exception and is characterized by a mutation at the methi-
onine 184 position of the Tyr-Met-Asp-Asp (YMDD) motif
found in HIV-1 RT (5, 16, 29, 46, 53). The YXDD motif,
where X is a variable amino acid, is highly conserved among
the many viral RNA polymerases as well as RNA-dependent
DNA polymerases (41). For example, Rous sarcoma virus RT
contains the YMDD motif, the RTs of retroelements such as
297 (Gypsy-like group) and Int 32 (Line-like group) contain
both the YLDD and YADD sequences, and the poliovirus
RNA polymerase contains the YGDD motif (41). Mutations in
the YXDD motif can abolish enzymatic activity and alter the
processivity and fidelity of RT (3, 6, 21, 25, 37). The prevalent
mutation in HIV-1 RT associated with 3TC resistance is the

M184V substitution (16, 46, 53), which confers a level of re-
sistance 1,000 times greater than that displayed by the wild-
type enzyme (16, 53). It has been observed that the M184I
variant, which is resistant to 3TC but is less catalytically active,
is selected first after initiation of 3TC treatment (5, 6, 29, 53)
and then is replaced by the M184V variant after long-term
treatment with 3TC.

Mutations in the motif analogous to the HIV-1 RT YMDD
domain are also correlated with resistance to 3TC in other
retroviruses. The YVDD, YIDD, and YTDD motifs are se-
lected during 3TC treatment of cells infected with simian im-
munodeficiency virus or feline immunodeficiency virus (FIV)
(8, 47). In addition, the YVDD and YIDD motifs arise during
3TC treatment of hepatitis B virus (HBV)-infected cells and
patients (1). The selection for mutations in the YXDD motif in
other retroviruses as well as in HBV has suggested that this
determinant is widely associated with 3TC sensitivity.

Other mutations in HIV-1 and FIV RTs have been impli-
cated in dual resistance to 3TC and other nucleoside analogs.
Specifically, the E89G and G333E mutations in HIV-1 RT are
correlated with dual resistance in tissue culture to 3TC and
either phosphonoformic acid or 39-azido-39-deoxythymidine
(AZT), respectively (27, 43). The K65R mutation in HIV-1 RT
is associated with resistance to 3TC and 29,39-dideoxycytidine
(ddC) (18). Finally, the P156S mutation in FIV RT appears to
confer resistance to both AZT and 3TC (48).

Although HIV-1 and murine leukemia virus (MLV) RTs
share only ;25% amino acid sequence identity, the two pro-
teins are structurally similar (17). Comparison of the finger and
palm domains in HIV-1 and MLV RT crystal structures reveals
similar tertiary structures (17, 23, 32). In addition, many of the
sequence motifs present in HIV-1 RT, such as the YXDD
motif, the deoxynucleoside triphosphate (dNTP) binding site,
and the conserved Leu-Pro-Gln-Gly (LPQG) motif, are also
present in MLV RT. Importantly, the antiretroviral nucleoside
analogs AZT, ddC, 29,39-dideoxyinosine, and 29,39-didehydro-
39-deoxythimidine, which inhibit HIV-1 RT, also inhibit MLV
RT (50). Therefore, since wild-type MLV RT contains the
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YVDD motif, it was expected and recently shown to be resis-
tant to 3TC (42).

Based on the similarities between the HIV-1 and MLV RTs,
we hypothesized that the YMDD mutant of MLV RT would be
sensitive to 3TC and the YIDD mutant would be resistant. To
test this hypothesis, we generated viruses containing wild-type
MLV RT as well as several mutations at position V223 within
the YVDD motif and compared the titers of these viruses in
several different target cells in the presence and absence of
3TC.

MLV mutants, target cells, and the ANGIE P cell line. The
construction of the V223A, V223I, V223M, and V223S mu-
tants was described previously (21). The mutants were gener-
ated from the parent plasmid pLGPS (Fig. 1A), which ex-
presses the MLV gag and pol genes from a truncated MLV
long-terminal-repeat (DLTR) promoter (39).

The targets of infection in this study included the murine
fibroblast cell line NIH 3T3 and the human osteosarcoma cell
line 143B (both obtained from the American Type Culture
Collection). The ANGIE P cell line (Fig. 1B) is a D17-based
(dog osteosarcoma) cell line expressing the construct pSV-A-
MLVenv (obtained from the NIH AIDS Research and Refer-
ence Program) and pGA-1, an MLV-based retroviral vector
(Fig. 1A) (21, 36). The expression construct pSV-A-MLVenv
encodes the amphotropic MLV envelope gene, whereas pGA-1
expresses the bacterial b-galactosidase gene (lacZ) from the
LTR promoter. In addition, pGA-1 contains the neomycin
phosphotransferase gene (neo), which is utilized as a selectable
marker during infection. All cells were maintained in Dulbec-
co’s modified Eagle’s medium (ICN Biochemicals) supple-
mented with penicillin (50 U/ml; Gibco), streptomycin (50
mg/ml; Gibco), and bovine calf serum (6% for ANGIE P and
143B cells and 10% for NIH 3T3 cells; HyClone Laboratories).

Protocol for determining sensitivity of MLV RT to 3TC. The
approach used to determine the sensitivity of MLV RT to 3TC
is outlined in Fig. 1B. Briefly, either wild-type or mutated
pLGPS along with pSVa3.6, a plasmid that confers resistance
to ouabain (28), was cotransfected into the ANGIE P cell line.
Transfections were carried out by the previously described
dimethyl sulfoxide-Polybrene method (26), and the transfected
cells were then selected for resistance to 1027 M ouabain.

To determine the sensitivity of the MLV RTs to 3TC, we
separately pooled and expanded more than 500 ouabain-resis-
tant colonies for the wild type and V223 mutants. For each
pLGPS construct, 5 3 106 ouabain-resistant cells were plated
on 100-mm-diameter dishes and the medium was changed 24 h
later. Virus was harvested after another 24 h and serially di-
luted. In the presence of Polybrene (50 mg/ml), the virus was
used to infect either NIH 3T3 or 143B cells for 4 h. The target
cells were plated at a density of 1 3 105 to 2 3 105 cells per
60-mm-diameter dish. In experiments conducted in the pres-
ence of the drug, the target cells were incubated with 10 mM
3TC 4 h prior to infection, 4 h during infection, and 24 h
postinfection. The 3TC concentration used in this study was
15- to 4,000-fold higher than the mean 50% inhibitory concen-
tration, ranging between 2.5 nM and 0.67 mM, which was
previously shown to inhibit several different strains of HIV-1
(9). The infected cells were then subjected to selection with
G418, an analog of neomycin (600 mg/ml for 143B and D17
cells and 1.2 mg/ml for NIH 3T3 cells), 24 h after infection.
The effect of 3TC treatment on MLV replication (wild type
and V223 mutants) was determined from the number of drug-
resistant colonies obtained in the presence or absence of 3TC.

Comparison of viral titers in the presence or absence of
3TC. Viral titers were determined by quantitation of G418-
resistant NIH 3T3 and 143B cells after infection (the data are

FIG. 1. Structures of MLV-based constructs and protocol used to determine
sensitivity to 3TC. (A) Structures of the MLV-based vector pGA-1 and the
gag-pol expression construct pLGPS. The pGA-1 vector contains both LTRs and
all cis-acting elements of MLV and transcribes Escherichia coli lacZ and neo from
the LTR promoter. The internal ribosomal entry site (IRES) (24) of encepha-
lomyocarditis virus is used to express neo. The construct pLGPS expresses the
MLV gag-pol gene from a truncated viral LTR. (B) Experimental protocol.
ANGIE P, a D17-based cell line expressing pGA-1 and a vector carrying the
amphotropic MLV env gene (pSV-A-MLVenv) was separately transfected with
either the wild-type (V223) or mutated (V223A, V223I, V223M, and V223S)
pLGPS constructs. Virus from pools of these transfected ANGIE P cells was
harvested and used to infect target cells (NIH 3T3 or 143B cells) for 4 h in the
presence and absence of 3TC (10 mM). The target cells were also treated with
3TC (10 mM) 4 h prior to infection and 24 h postinfection in the drug treatment
groups. (C) Measurement of virus titer. The percent change in the virus titers of
the wild-type and V223M mutant was measured in the absence and presence of
3TC (10 mM). Two to four independent experiments were performed for NIH
3T3 and 143B cells. Virus titers observed in the absence of 3TC treatment were
defined as 100%. Error bars represent the standard error.
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summarized in Table 1). ANGIE P cells transfected with wild-
type pLGPS or the V223A, V223I, V223M, or V223S mutant
were previously shown to produce infectious viral particles,
and target cells infected with these viruses were expected to
confer resistance to G418 (21). Two to four independent in-
fections of NIH 3T3 and 143B cells, in the absence or presence
of 3TC, were performed with virus containing either the wild-
type pLGPS or one of the four V223 mutants.

Infection of NIH 3T3 cells with the wild-type virus harvested
from a single pool produced titers that ranged from 2.7 3 104

to 1.3 3 105 CFU/ml in the absence of 3TC. Treatment of the
target cells with 3TC had no significant effect on titers of the
wild-type virus (82%, relative to the untreated control). Simi-
larly, infection of NIH 3T3 cells with the V223M mutant pro-

duced titers that ranged from 1.6 3 102 to 9.2 3 104 CFU/ml
in the absence of 3TC after virus was harvested from two
different virus-producing pools. Treatment of the target cells
with 3TC did not substantially affect the titers of the V223M
mutant virus (57%, relative to the untreated control) com-
pared to the inhibition of the luciferase-expressing HIV-1-
based vector pNLuc (Fig. 2C). The twofold change observed in
the titers in the absence or presence of 3TC is probably not
biologically relevant due to the inherent variation that occurs
during infections (21). We also assessed the sensitivity to 3TC

FIG. 2. Structure of HIV-1-based constructs and activation of 3TC in NIH
3T3, HeLa, 143B, and D17 cell lines. (A) Structure of the HIV-1-based lucif-
erase-expression vector pNLuc, which contains both LTRs, other cis-acting ele-
ments required for viral replication, and the gag-pol gene of HIV-1. pNLuc
expresses the luciferase reporter gene (luc) from the LTR promoter. (B) Exper-
imental protocol. The vectors pNLuc and pSV-A-MLVenv were cotransfected
into 293T cells and pseudotyped virus was used to infect various target cells (NIH
3T3, HeLa, 143B, and D17) for 4 h in the presence or absence of 3TC (10 mM).
The target cells were also treated with 3TC (10 mM) 4 h prior to infection and
24 h postinfection in the drug treatment groups. (C) Measurement of chemilu-
minescence. The percent chemiluminescence was measured in the absence and
presence of 3TC (10 mM). At least two independent experiments were per-
formed for NIH 3T3, HeLa, 143B, and D17 cells. Chemiluminescence measure-
ments in the absence of 3TC treatment were defined as 100%. Error bars
represent the standard error. The standard errors for both NIH 3T3 and HeLa
are less than 0.3% (not shown).

TABLE 1. The effect of 3TC treatment on MLV replication

Target cells MLV RTa Expt
Titer (CFU/ml) 13TC relative

titer
(mean 6 SE)d23TCb 13TCc

NIH 3T3 WT 1 3.7 3 104 2.6 3 104 0.70
2 2.7 3 104 1.5 3 104 0.56
3 7.2 3 104 9.2 3 104 1.28
4 1.3 3 105 9.5 3 104 0.73
Avg 0.82 6 0.16

V223M 1 2.9 3 102 1.4 3 102 0.48
2 1.6 3 102 1.0 3 102 0.63
3 9.2 3 104 6.9 3 104 0.75
4 2.4 3 104 1.0 3 104 0.42
Avg 0.57 6 0.07

V223I 1 3.4 3 104 2.5 3 104 0.74
2 2.6 3 104 3.3 3 104 1.27
Avg 1.01 6 0.27

V223A 1 1.3 3 102 1.9 3 102 1.46
2 2.1 3 102 2.0 3 102 0.95
Avg 1.21 6 0.26

V223S 1 4.3 3 104 4.3 3 104 1.00
2 8.3 3 103 1.2 3 104 1.45
Avg 1.23 6 0.23

143B WT 1 1.9 3 103 1.4 3 103 0.74
2 3.4 3 102 5.8 3 102 1.70
3 4.3 3 102 3.5 3 102 0.8
4 1.2 3 103 1.3 3 103 1.10
Avg 1.10 6 0.23

V223M 1 2.5 3 102 1.3 3 102 0.52
2 2.0 3 102 8.3 3 101 0.42
3 1.3 3 101 1.1 3 101 0.85
4 1.0 3 101 0.5 3 101 0.50
Avg 0.57 6 0.09

a MLV generated from transfection of pLGPS (wild type [WT] or V223 mu-
tants of MLV RT) into the ANGIE P encapsidating cell line.

b The virus titer for each experimental group was determined by serial dilu-
tions. In experiments using NIH 3T3 target cells, four independent infections
were performed with virus containing the wild-type or V223M mutant RT,
whereas two independent infections were performed for the V223A, V223I, and
V223S RTs. In experiments using 143B target cells, four independent infections
were performed with virus containing the wild-type or V223M mutant RT.

c The virus titer for each experimental group was determined by serial dilu-
tions. Four independent infections were performed in the presence of 3TC (10
mM) as described in footnote b for virus containing either the wild-type or
V223M RT. The 3TC treatment included incubation of the target cells 4 h prior
to infection, 4 h during infection, and 24 h postinfection.

d The 13TC relative titer was calculated as follows: titer obtained in the
presence of 3TC 4 titer obtained in the absence of 3TC.
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of other V223 mutants (V223A, V223I, and V223S) in NIH
3T3 cells; the results were similar to those obtained with the
wild-type and V223M mutant viruses. In summary, viral titers
in the presence or absence of 3TC varied by only twofold,
suggesting that 3TC did not substantially inhibit either the
wild-type or V223 mutant RTs during infection of NIH 3T3
cells.

To determine whether the lack of inhibition to MLV repli-
cation with 3TC treatment was specific to NIH 3T3 cells, we
also tested infection of 143B cells and D17 cells. Infection of
143B cells with virus containing either the wild-type or V223M
mutant RT produced results similar to those obtained with
NIH 3T3 cells. Virus obtained from wild-type pLGPS pro-
duced viral titers that ranged from 3.4 3 102 to 1.9 3 103

CFU/ml in the absence of 3TC. Treatment of the target cells
with 3TC had no significant effect on the titers of the wild-type
virus (110%, relative to the untreated control). In addition,
infection of 143B cells with virus containing the V223M mutant
RT produced viral titers ranging from 1.0 3 101 to 2.5 3 102

CFU/ml in the absence of 3TC and 0.5 3 101 to 1.3 3 102

CFU/ml in the presence of 3TC (57%, relative to the untreated
control). Similar results were obtained with D17 cells (data not
shown).

Activation of 3TC in target cells. The results obtained with
viruses generated and harvested from ANGIE P cells that had
been transfected with either the wild-type or V223 mutant
constructs showed that all MLV RTs were resistant to 3TC
(Table 1). There are two possible explanations for these re-
sults. First, structural differences between MLV RT and HIV-1
RT might account for the resistance of MLV RT to 3TC.
Second, the uptake and/or phosphorylation of the drug by the
target cells might be inefficient. To address these possibilities,
we generated infectious HIV-1 particles and used them to
infect the various target cells as previously described (30, 31)
(Fig. 2A and B). Briefly, 293T (human embryonic kidney) cells
were cotransfected with pNLuc and pSV-A-MLVenv. Pseu-
dotyped virus stocks were harvested and used to infect NIH
3T3, HeLa, 143B, and D17 cells in the presence or absence of
10 mM 3TC. The target cells infected in the presence of drug
were incubated with 3TC for 4 h prior to infection, 4 h during
infection, and 24 h postinfection. Two days postinfection, the
cells were lysed and the amount of luciferase activity present in
the lysates was measured with a luminometer (Tropix) (Fig.
2B).

Infection of NIH 3T3, 143B, and HeLa cells with the pNLuc-
derived virus was decreased at least 30-fold by 3TC treatment
(Fig. 2C). The D17 cells exhibited a fourfold decrease in
pNLuc expression relative to D17 cells not treated with 3TC.
Thus, in the same cell lines in which MLV infectivity was not
substantially affected, HIV-1 infectivity was significantly re-
duced.

The infection of NIH 3T3 cells was decreased 33-fold (3% of
wild type, average of two experiments) and infection of 143B
cells was decreased 100-fold (1% of wild type, average of two
experiments) by 3TC treatment. Under the same conditions,
infection of both NIH 3T3 and 143B cells by the wild-type
MLV RT was not significantly decreased. Therefore, the wild-
type MLV RT was 33- to 100-fold less sensitive to 3TC than
the HIV-1 RT. Similarly, infection of both NIH 3T3 and 143B
cells was reduced to 57% by 3TC treatment. Even though the
significance of the less-than-twofold reduction of the virus titer
is doubtful, the results clearly indicated that the YMDD mu-
tant of MLV RT was at least 20-fold less sensitive to 3TC in
NIH 3T3 cells and 57-fold less sensitive to 3TC in 143B cells
than the HIV-1 RT. While it is possible that the YMDD
mutant of MLV RT may display some sensitivity to 3TC when

very high concentrations of 3TC are used, it is clear from the
data presented here that both the wild-type and the YMDD
mutant of MLV RT exhibit a marked resistance to 3TC rela-
tive to the wild-type HIV-1 RT.

These results also indicate that the lack of an effect of 3TC
on MLV infectivity was not due to problems associated with
the uptake, phosphorylation, or other mechanisms that may
interfere with the inhibitory activity of the nucleoside analog in
these target cells. The less efficient inhibition of pNLuc expres-
sion in D17 cells than in the other target cells (Fig. 2C) could
have been caused by either reduced uptake or phosphorylation
of 3TC in D17 cells. Alternatively, this cell line might actively
export the nucleoside analog, thus reducing its efficacy. Re-
gardless of the mechanism, HIV-1 infecting different cell types
in vivo might display divergent susceptibilities to 3TC or other
RT inhibitors. Thus, the data obtained with the D17 cell line
might have implications for drug therapy in HIV-1-infected
patients.

Mechanism of 3TC resistance in MLV RT. 3TC resistance
arises in both retroviral (HIV-1, FIV, and simian immunode-
ficiency virus) and nonretroviral (HBV) polymerases with cat-
alytic sites containing the YMDD motif (1, 8, 16, 29, 46, 47,
53). This resistance usually results from a substitution of me-
thionine to threonine, isoleucine, or valine. Based on these
observations, we expected that the wild-type MLV RT contain-
ing the YVDD motif would be resistant (42) and the V223M
mutant would be sensitive to 3TC. It was therefore surprising
that both the wild type and the V223M mutant were highly
resistant to 3TC.

The mechanism by which the M184V mutant of HIV-1 RT
confers resistance to 3TC is unclear. The methionine-to-isole-
ucine substitution at position 184 in HIV-1 RT results in a
repositioning of the template-primer complex, and this rear-
rangement might result in a misalignment of the 3TC triphos-
phate with the template, resulting in a decrease in the turnover
rate (45). Molecular modeling of the wild type and the M184I
mutant of HIV-1 RT has also suggested that steric hindrance
between the b-L-oxathiolane ring of 3TC triphosphate and the
b-branched amino acids (valine, isoleucine, and threonine) at
position 184 interferes with 3TC binding (23, 45). It is impor-
tant to note that the proposed steric hindrance model does not
preclude 3TC binding to RT in a mode that is unfavorable to
its incorporation. In this regard, Feng and Anderson (13) re-
ported that 3TC triphosphate binds to the M184V mutant with
a much higher Kd value (5.2 mM) relative to the wild-type
HIV-1 RT (0.24 mM). Similarly, Wilson et al. (54) suggested
that b-L-29,39-dideoxy-5-fluoro-39-thiacytidine, a nucleoside
analog that is structurally similar to 3TC, binds with a higher
affinity to the wild-type HIV-1 RT than the M184V mutant.
However, Krebs and coworkers did not find a substantial dif-
ference in Kd values for 3TC binding to the wild type and
M184V mutants (33). Recent evidence indicates that 3TC can
bind to the M184V and M184I mutants of HIV-1 RT, which
results in a conformational change in the enzyme that affects
the nature of RNase H cleavages (H.-Q. Gao, P. L. Boyer,
S. G. Sarafianos, E. Arnold, and S. Hughes, personal commu-
nication).

The fact that both the YMDD and YVDD motifs are highly
resistant to 3TC strongly suggests that other structural deter-
minants of MLV RT may interfere with the nature of 3TC
binding through steric hindrance. The previous observation
that MLV RT is sensitive to ddC (50) suggests that the steric
hindrance involves the b-L-oxathiolane ring of 3TC. In accor-
dance with the relatively low (;25%) amino acid sequence
identity between the MLV and HIV-1 RTs (17), structural
alterations at or near the active site not related to the YVDD
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motif of MLV RT may lead to steric hindrance and prevent
3TC binding. A comparison of distances between residues of
the YXDD motif and dNTP binding pocket of HIV-1 and
MLV RTs reveals substantial differences (17, 22). It should be
noted that the MLV RT crystal structure lacks the thumb,
connection, and RNase H domain. Therefore, the observed
differences in the relative spacing of residues in the YXDD
motif and the dNTP binding site may be the result of the
partial MLV RT fragment being folded differently than in the
intact enzyme. Nevertheless, a comparison of the crystal struc-
tures suggests structural differences that might contribute to
the divergent sensitivities to 3TC. Distances in MLV RT, spe-
cifically between the residues of the YVDD motif and K103,
which is equivalent to K65 of HIV-1 RT (E. K. Halvas, E. S.
Svarovskaia, and V. K. Pathak, unpublished data), are more
than 2 Å longer than the distances in HIV-1 RT. Interestingly,
the K65 residue of HIV-1 RT is associated with dual resistance
to 3TC and ddC (18). Additionally, amino acid differences
between the MLV and HIV-1 RTs around the dNTP binding
pocket may also provide the steric hindrance needed to confer
3TC resistance. Specifically, the MLV RT possesses a phenyl-
alanine at position 155, which is equivalent to the tyrosine 115
in HIV-1 RT. The Y115 of HIV-1 RT has been shown to
interact with the deoxyribose ring of a dNTP substrate (23).
Therefore, substitution of phenylalanine for the tyrosine in the
MLV RT dNTP binding site may alter the nature of 3TC
binding.

It is also conceivable that the structural differences between
MLV and HIV-1 RTs near the active site or dNTP binding site
alter the affinity or nature of binding of 3TC triphosphate
relative to dCTP by a mechanism not involving steric hin-
drance. The nature of the structural differences that confer
high-level resistance to 3TC despite the presence of a YMDD
motif appears to be unique to MLV RT, since several other
retroviral RTs as well as HBV polymerase display sensitivity to
3TC when the YMDD motif is present (1, 8, 47). Understand-
ing the nature of the structural differences that lead to 3TC
resistance in MLV RT might provide insights into the general
mechanisms by which retroviral RTs acquire resistance to nu-
cleotide analogs.
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