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Mutants of feline immunodeficiency virus (FIV) resistant to (—)-B-2',3'-dideoxy-3’-thiacytidine (3TC) were
selected by culturing virus in the presence of increasing stepwise concentrations of 3TC. Two plaque-purified
variants were isolated from the original mutant population, and both of these mutants were resistant to 3TC.
Surprisingly, these mutants were also phenotypically resistant to 3'-azido-3'-deoxythymidine (AZT) and to the
combination of 3TC and AZT. Purified reverse transcriptase (RT) from one of these plaque-purified mutants
was resistant to the 5'-triphosphates of 3TC and AZT. DNA sequence analysis of the RT-encoding region of the
pol gene amplified from the plaque-purified mutants revealed a Pro-to-Ser mutation at position 156 of RT. A
site-directed mutant of FIV engineered to contain this Pro-156-Ser mutation was resistant to 3TC, AZT, and
the combination of 3TC and AZT, confirming the role of the Pro-156-Ser mutation in the resistance of FIV to
these two nucleoside analogs. This represents the first report of a lentiviral mutant resistant to the combina-
tion of AZT and 3TC due to a single, unique point mutation.

The emergence of drug-resistant variants of human immu-
nodeficiency virus type 1 (HIV-1) is believed to be responsible
for the failure of current antiviral chemotherapy to halt the
clinical progression of AIDS (2, 10, 48). Drug-resistant mu-
tants arise rapidly in HIV-1-infected individuals treated with
most of the currently approved drugs, including nucleoside and
nonnucleoside inhibitors of reverse transcriptase (RT) (12, 26,
27, 49, 50, 52, 53, 55) and the protease inhibitors (8, 21, 50). In
addition, numerous mutants which are resistant to RT or pro-
tease inhibitors have been selected in vitro (13-15, 17, 22, 25,
39). In both laboratory and clinical isolates, resistance usually
correlates with mutations in the RT- or protease-encoding
regions, respectively, of the pol gene (50).

Therapeutic strategies using combinations of inhibitors have
provided the greatest success in slowing the clinical decline of
HIV-1-infected individuals. The most successful treatment
protocol employs a triple combination approach of simulta-
neous treatment with (—)-B-2’,3'-dideoxy-3’-thiacytidine
(3TC), 3'-azido-3'-deoxythymidine (AZT), and a protease in-
hibitor such as indinavir (32). A central feature of this combi-
nation is the unique interaction between 3TC and AZT. Mu-
tants resistant to 3TC arise during therapy through the
acquisition of a Met-to-Val or Met-to-Ile mutation at position
184 of RT, as first reported by Schinazi et al. (51). However,
these mutations at position 184 have been demonstrated to
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phenotypically suppress AZT resistance mutations, thereby
providing a basis for sustained drug efficacy (28, 30, 58). The
combination of AZT and 3TC represents a significant improve-
ment over conventional AZT monotherapy in suppressing vi-
rus load and in delaying the resurgence of virus titers associ-
ated with the emergence of drug resistance (28).

We have developed systems using the feline immunodefi-
ciency virus (FIV) as a model for examining the mechanisms of
viral resistance to AIDS therapy (36). The immune deficiency
and neuropathogenesis resulting from infection of domestic
cats with FIV are remarkably similar to AIDS in humans (1, 4,
11, 4245, 61). FIV represents a particularly attractive model
for studies of resistance to inhibitors of HIV-1 due to the
similarities between HIV-1 RT and FIV RT with respect to
physical properties, catalytic activities, and sensitivity to the
triphosphate forms of AZT, 2',3'-dideoxycytidine (ddC), 2,3'-
dideoxyinosine (ddI), 2’,3’-didehydro-3’-deoxythymidine (d4T),
and 3TC (9, 33-35, 54). In addition, the first drug-resistant
lentiviral variants selected in vitro were AZT-resistant mutants
of FIV (46). We have subsequently reported FIV mutants
resistant to ddI (16), ddC (31), d4T (62), (—)-B-2',3’-dideoxy-
5-fluoro-3’-thiacytidine [(—)-FTC] (54), and the combination
of AZT and ddI (16).

We have recently reported mutants of FIV selected with
(—)-FTC which are cross-resistant to 3TC due to a Met-to-Thr
mutation at position 183 of RT (which corresponds to position
184 of HIV-1 RT) (54). These FIV mutants are similar in phe-
notype to the Met-184-Val and Met-184-Ile mutants of HIV-1,
as all of these variants retain wild-type sensitivity to AZT. Here
we report that selection with 3TC results in lentiviral variants
resistant to 3TC and to the combination of 3TC and AZT.
These mutants may indicate a possible mechanism by which
HIV-1 can evade 3TC-AZT combination chemotherapy.
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MATERIALS AND METHODS

Chemicals. Phosphonoformic acid (PFA), dCTP, dTTP, and ddC were pur-
chased from Sigma Chemical Co., St. Louis, Mo. AZT and the 5’-triphosphate of
AZT (AZTTP) were provided by Glaxo Wellcome Co., Research Triangle Park,
N.C.; d4T was provided by Bristol-Myers Squibb Co., Wallingford, Conn.; 9-(2-
phosphonylmethoxyethyl)adenine (PMEA) was provided by Gilead Sciences,
Inc., Foster City, Calif.; ddI was provided by the Developmental Therapeutics
Branch, Division of AIDS, National Institute of Allergy and Infectious Diseases.
3TC, (—)-FTC, and the 5’-triphosphate of 3TC (3TCTP) were synthesized and
fully characterized by mass spectroscopy, nuclear magnetic resonance, and high-
pressure liquid chromatography as described previously (5, 7, 18). [5-°H]dCTP
and [methyl->H]dTTP were obtained from Dupont-New England Nuclear, Bos-
ton, Mass. GeneAmp PCR Core reagents were purchased from Perkin-Elmer
Cetus, Norwalk, Conn. The Tag DyeDeoxy Terminator Cycle sequencing kit was
purchased from Applied Biosystems, Foster City, Calif. Restriction enzymes PstI,
HindlIll, Nsil, and Pacl were obtained from Boehringer Mannheim, Indianapolis,
Ind., and T4 DNA ligase was obtained from Gibco BRL, Grand Island, N.Y. All
other chemicals were reagent grade or better.

Cells and virus. Virus produced from a molecular clone of the Petaluma strain
of FIV, 34TF10 (56), was used as wild-type FIV for these studies. Wild-type and
mutant strains of FIV were grown and maintained in Crandell feline kidney
(CrFK) cells with L&M medium supplemented with 10% fetal bovine serum as
previously described (37, 54). Following selection, FIV mutants were maintained
in medium containing 3 M 3TC, and all cultures were replenished with fresh
medium and drug every 2 days.

Focal infectivity assay. Inhibition of FIV infection by antiviral drugs was
quantified by a focal infectivity assay as described previously (46). Resulting data
were plotted as the percentage of control foci (no drug) versus inhibitor con-
centration. Concentrations of drug required to inhibit focus formation by 50%
(50% effective concentrations [ECss]) were obtained directly from the linear
portion of these plots by using a computer-generated regression line (46). Within
an experiment, each value represents the mean of four determinations. Results
from three or more independent experiments were used to derive the ECs, =
standard error.

Selection and plaque purification of 3TC-resistant mutants. FIV mutants
reported here were obtained by selection with 3TC alone with a stepwise selec-
tion protocol as described previously (62). Briefly, virus generated from 34TF10
was initially cultured in the presence of 1 uM 3TC and then subjected to five
additional rounds of infection in which the concentration of 3TC was doubled
with each subsequent round, ending in a sixth round of infection at 32 puM 3TC.
Each round of infection was initiated with cell-free virus from the previous round
of infection. The resulting population, designated 3TR-1c, was resistant to 3TC
and AZT (data not shown). This stock was then plaque purified in 3 pM 3TC as
previously described (47) to obtain 3TR-3c and 3TR-7c, which were then used
for further analysis.

Enzymes and enzyme assays. RT was purified from virions of mutant FIV as
previously described (34). Assays for RT activity with poly(rA)-oligo(dT) or
poly(rI)-oligo(dC) as template-primer were also as reported elsewhere (33, 34).
Kinetic parameters were determined by using intercept values calculated from
double-reciprocal plots (9, 33). RT purified from 34TF10 virions (34) was used
as the wild-type control.

Nucleic acid preparation and sequence analysis. Total cellular DNA contain-
ing proviral DNA was extracted from infected CrFK cells and used for amplifi-
cation by PCR as previously described (31, 47, 54). PCR product was directly
sequenced at the Murdock Molecular Biology Facility with a Tag DyeDeoxy
Terminator sequencing kit and analyzed on a model 373A automated DNA
sequencer (Applied Biosystems). Sequencing was performed in the forward and
reverse directions with primers at 250-bp intervals of the RT-encoding region of
the pol gene.

Site-directed mutagenesis. In order to construct a molecular clone of FIV
containing the Pro-to-Ser mutation at codon 156 of RT, a 2,109-bp EcoRI-
HindIII fragment, corresponding to nucleotides 1871 to 3980 of the proviral
portion of pFIV-34TF10, was cloned into the pTZ18u phagemid vector (Bio-Rad
Laboratories) and mutagenized with the Muta-Gene in vitro mutagenesis kit
(Bio-Rad). The mutagenesis primer 5'-GATATATCAATGAACTTAA-3" was
used to introduce the Pro-156-Ser mutation (mutation underlined). Following
sequence analysis to confirm the presence of the desired mutation, an 869-bp
Nsil-Pacl fragment corresponding to nucleotides 2674 to 3543 of pFIV-34TF10
was ligated into Nsil/Pacl-digested pFIV-34TF10 and transformed into SURE-2
Ultracompetent Escherichia coli (Stratagene). Clones were sequenced in order to
verify the presence of the mutation and the integrity of the pol gene, and 1 pg of
the resulting plasmid DNA was purified and used to transfect CrFK cells as
previously described (47) for the production of virus. All constructs were also
introduced into the JS strain of E. coli IM109 for long-term storage and plasmid
propagation.

RESULTS

Selection and plaque purification of 3TC-resistant FIV mu-
tants. Virus produced from the 34TF10 molecular clone of
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FIG. 1. Susceptibility to inhibition by 3TC of FIV 34TF10 (m) and the
plaque-purified 3TC-resistant mutants 3TR-3c (A) and 3TR-7c (O). Results are
from three or more experiments, with four determinations per experiment. Bars
represent standard errors of the means.

FIV was passaged in the presence of increasing stepwise con-
centrations of 3TC, as described previously (62) and in Mate-
rials and Methods. This population, designated 3TR-1c, was
plaque purified in order to minimize heterogeneity within the
mutant population. Two plaque-purified mutants, designated
3TR-3c and 3TR-7c, were seven- to eightfold resistant to 3TC
(Fig. 1) and were chosen for further phenotypic characteriza-
tion.

Mutants 3TR-3c and 3TR-7c were cross-resistant to the cy-
tidine analogs (—)-FTC and ddC, as predicted from studies of
mutants of FIV selected with (—)-FTC. Surprisingly, both
3TR-3c and 3TR-7c were also cross-resistant to AZT (Table 1)
and were therefore phenotypically different from all previous
mutants of HIV-1 or FIV selected with 3’-thiacytidine nucleo-
sides. Additionally, both mutants showed wild-type susceptibil-
ity to ddI, PMEA, d4T, and PFA (Table 1).

RT. Purified RT from 3TR-3c was compared to wild-type
FIV RT for susceptibility to inhibition by the 5’'-triphosphates
of 3TC (3TCTP) and AZT (AZTTP). Inhibition by both
3TCTP and AZTTP was competitive with respect to dCTP and
dTTP, respectively. K,,, and K; values are summarized in Table

TABLE 1. Susceptibilities of FIV 34TF10 and plaque-purified 3TC-
resistant mutants of FIV to antiviral compounds as determined by
focal infectivity assay

Mean ECs, (uM) = SEM® for: Fold increase’ for:

Compound
34TF10 3TR-3c 3TR-7¢c 3TR-3¢  3TR-7c

3TC 1.5+03 12 £ 0.8 11 £ 0.6 8.0 7.3
(—)-FTC 1.0 £0.1 44 +0.3 6.7+0.2 44 6.7
AZT 1302 62*x14 58=*06 4.8 4.5
ddC 20x0.1 7.0 0.8 75*19 3.5 3.8
ddI 32=*05 24+07 3.0=x03 0.8 0.9
d4T 13 1.8 16 £ 2.3 15 0.6 1.2 12
PMEA 1.1 +0.1 1.0=00 08=*=0.0 0.9 0.7
PFA 140 £49 12095 100 = 1.1 0.9 0.7

“ Values are from three or more experiments, with four determinations per
experiment.
® Increase over value for 34TF10.
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TABLE 2. Kinetic constants for RTs from wild-type
FIV and 3TR-3¢

K; (nM)” for RT of: KK, for RT of:  £oid increase

Inhibitor

34TF10 3TR-3¢ 34TF10  3TR3c (KiK.
3TCTP 154 = 21 2,660 = 380 0.013 0.113 8.7
AZTTP 118=03 31.0=0.6 00010 0.0024 2.4

“ Values are reported as the means = standard errors of the means of at least
two experiments with three determinations per experiment. The mode of inhi-
bition by 3TCTP or AZTTP was competitive with respect to substrate. Template
primers used were poly(rA)-oligo(dT) for AZTTP and poly(rT)-oligo(dC) for
3TCTP. The K,,, for dCTP was 12.1 = 0.4 pM for 34TF10 RT and 23.5 = 1.5 pM
for 3TR-3¢ RT. The K,,, for dTTP was 11.4 = 1.8 uM for 34TF10 RT and 13.2 =
2.0 for 3TR-3¢ RT.

? Increase of K;/K,, for 3TR-3c over K;/K,, for 34TF10 RT.

2. 3TR-3c RT was 8.7-fold resistant to inhibition by 3TCTP,
based on comparison of K;/K,, ratios for the mutant and wild-
type RTs. 3TR-3c RT was also resistant to AZTTP, with a
twofold increase in K;/K,,, ratio over the wild-type value.

Nucleotide sequence analysis. DNA sequence analyses of
the RT-encoding regions of the pol genes from 3TR-3c and
3TR-7c were performed in both the forward and the reverse
directions. The resulting sequences were compared to that of
the 34TF10 molecular clone of FIV. Both plaque-purified mu-
tants contained a C-to-T transition at position 2801 which
results in a Pro-to-Ser mutation at codon 156 of FIV RT (Fig.
2). Both isolates shared additional mutations at positions 348
(Ile to Thr, T to C at position 3378) and 469 (Asp to Glu, T to
A at position 3742) of RT. 3TR-7c was also shown to contain
a unique mutation at amino acid 227 (Thr to Ala, A to G at
position 3014) which was not present in 3TR-3c.

In order to determine the phenotypic stability of 3TR-3c and
3TR-7c, both mutants were passaged for three rounds of in-
fection in the absence of 3TC by protocols described previously
(47). Both plaque-purified mutants remained significantly re-
sistant to 3TC even in the absence of drug. However, resistance
to 3TC decreased approximately twofold by the third round of
infection, with 3TR-3c and 3TR-7c displaying ECy,s of 4.5 =
0.7 and 5.5 £ 1.2 pM, respectively.

Site-directed mutagenesis. Based on the three-dimensional
crystal structure of HIV-1 RT and the high degree of homology
between HIV-1 and FIV RTs in the areas surrounding posi-
tions 156 and 183 (corresponding to amino acids 157 and 184
of HIV-1 RT), we would predict that amino acid 156 lies near

148 149 150 151 152 153 154 155 156 157 158 159 160 161 162//
Val Leu Pro Gln Gly Trp Lys Gly Ser Pro Ala Ile Phe Gln Ser// HIV-1

Leu Pro GIn Gly Trp Ile Leu Ser Pro Leu Ile Tyr Gln Ser Thr// FIV
34TF10

2777 CTA CCA CAA GGC TGG ATT TTA AGT CCA TTG ATA TAT CAA AGT ACA// 2821

e === === ———// 3TR-3C

S, U,

B i ity F AL v : Sy (e

FIG. 2. Nucleotide and deduced amino acid sequences of the region of the
FIV pol gene surrounding position 2801. The corresponding amino acid se-
quence from HIV-1 is also shown for comparison. Note that HIV-1 and FIV RTs
exhibit extensive homology in this region and that the FIV sequence is displaced
by one residue relative to the HIV-1 sequence. Nucleotide sequence data for
3TR-3c and 3TR-7c were compared to the sequence data for FIV 34TF10.
Mutations are shown in boldface.
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FIG. 3. Susceptibility to inhibition by the combination of 3TC and AZT of
34TF10 (O), 3TR-3c (m), 3TR-7c (@), FIVMet183Val (O), FIVMet183Thr (A),
and FIVPro156Ser (A). Values in the plot represent equimolar concentrations of
3TC plus AZT. For example, a 1 pM value for the drug combination represents
1 uM 3TC plus 1 pM AZT. Results are from three experiments with four
determinations per experiment. Bars represent standard errors of the means and
are omitted when the error is too small to be shown.

amino acid 183 in FIV RT. This prediction places Pro-156 in
close physical proximity to a position in the YMDD motif
which is known to confer resistance to 3TC when mutated in
HIV-1 (Met-184) (6, 13, 14, 51, 52, 58), FIV (Met-183) (54),
and hepatitis B virus (Met-550) (29). Therefore, we chose to
substitute the Pro-156-Ser change into the FIV 34TF10 mo-
lecular clone by site-directed mutagenesis to determine the
role of this mutation in resistance to AZT and 3TC. The
resulting mutant, designated FIVProl56Ser, was eight- to
ninefold resistant to 3TC, with an ECs, of 10.8 = 1.1 uM. The
site-directed mutant was also four- to fivefold resistant to AZT,
with an ECs, of 7.5 = 0.4 pM.

Resistance to the combination of 3TC and AZT. We have
also determined the susceptibility of FIVPro156Ser to the
combination of 3TC and AZT when present simultaneously
and in equimolar concentrations in the focal infectivity assay.
Inhibition data for the site-directed mutant were determined in
parallel with the plaque-purified mutants (3TR-3c and 3TR-
7c), wild-type 34TF10, and the site-directed 3TC-resistant mu-
tants, FIVMet183Val and FIVMet183Thr. The results of these
assays are shown in Fig. 3 and summarized in Table 3.
FIVMet183Val and FIVMet183Thr displayed a twofold de-
crease in susceptibility to the combination of 3TC and AZT.
These data are consistent with previous results which illustrate
that these mutants are resistant to 3TC but remain sensitive to
AZT. In contrast, FIVPro156Ser and the plaque-purified mu-
tants 3TR-3c and 3TR-7c were seven- to eightfold resistant to
the combination of 3TC and AZT. These results illustrate that
the Pro-156-Ser mutation in FIV confers resistance to the
combination of AZT and 3TC.

DISCUSSION

The FIV mutants that we have selected with 3TC are unique
in that they are not only resistant to 3TC but also resistant to
AZT and to the combination of 3TC and AZT. These mutants
carry a unique Pro-to-Ser mutation at position 156 of RT
which is responsible for resistance to this drug combination.
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TABLE 3. Susceptibilities of FIV 34TF10, plaque-purified 3TC-
resistant mutants, and site-directed mutants to the
combination of 3TC and AZT*

Virus Mean ECs, ) Fold
(M) += SEM” increase®

34TF10 0.48 = 0.04
3TR-3c 321 £0.39 6.7
3TR-7¢c 3.20 = 0.26 6.6
FIVMet183Val 1.10 = 0.29 23
FIVMet183Thr 0.92 = 0.23 1.9
FIVProl156Ser 3.87 = 0.85 8.0

“3TC and AZT present in equimolar concentrations as described in the
legend to Fig. 3.

® Values are from three or more experiments, with four determinations per
experiment.

¢ Increase over value for 34TF10.

Previously reported 3TC-resistant mutants of HIV-1 and FIV
contain mutations in the methionine codon of the YMDD
motif of RT (Met to Val/Ile/Thr in HIV-1 and Met to Val/Thr
in FIV) (6, 13, 14, 23, 51, 54, 58). These mutations confer
resistance to 3TC but not to AZT. Similarly, mutations in
HIV-1 previously reported to confer resistance to AZT do not
confer resistance to 3TC. The results presented here represent
the first report of a lentiviral mutant containing a novel point
mutation in RT which confers resistance to 3TC and AZT
individually and in combination.

We have recently reported mutants of FIV which were se-
lected with (—)-FTC and contained a Met-to-Thr mutation at
position 183 of RT (54). These mutants were resistant to (—)-
FTC and 3TC but remained susceptible to AZT. It is intriguing
that two closely related nucleoside analogs would yield differ-
ent patterns of drug resistance. These genotypic and pheno-
typic differences may result from a single chemical change
from a 5-proton to a 5-fluoro on the pyrimidine base of the
oxathiolane nucleoside used for selection. Alternatively, these
differing outcomes may be the result of the differing selection
protocols used to obtain these mutants [high concentration of
(—)-FTC versus stepwise selection with 3TC]. Further work
with 3TC with a high drug concentration for the selection is
planned.

Previous studies of HIV-1 mutants resistant to the combi-
nation of AZT and ddI have illustrated that mutants resistant
to combinations of antiviral drugs can arise as the result of
point mutations which are not observed for mutants selected
with either drug alone (19). The Pro-156-Ser mutation, shown
here to confer resistance to the combination of 3TC and AZT
in FIV, was also not predicted from the common mutations in
HIV-1 or FIV yielding resistance to AZT or 3TC alone. Thus,
point mutations which result in multidrug resistance can be
quite different from those which confer resistance to mono-
therapy.

It has been noted elsewhere that the levels of viral resistance
to 3TC observed for the FIV mutants resistant to 3TC alone
(54), or the combination of 3TC and AZT, differ by an order of
magnitude from the levels of resistance seen for HIV-1 mu-
tants obtained both from clinical isolates and in vitro selec-
tions. These differences probably result from differences in the
phenotypic assays used to determine the susceptibility profiles
of FIV and HIV-1 mutants. The focal infectivity assay used to
determine the drug susceptibilities of FIV isolates generates
data resulting from the inhibition of a single round of viral
replication and is based upon the direct quantitation of infec-
tious virions. In contrast, the p24-based assays commonly used
to determine drug susceptibilities of HIV-1 isolates are per-
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formed over multiple rounds of replication, and the relative
level of resistance (fold resistance) is magnified over several
cycles of replication.

We have previously described AZT-resistant mutants of FIV
which revert very rapidly (within a single round of infection) in
the absence of AZT (47). For both the Pro-156-Ser mutants
described here, and for Met-183-Thr variants of FIV resistant
to 3TC alone (54), the viral isolates remained significantly
resistant to 3TC following three rounds of infection in the
absence of drug. However, with each of these 3TC-resistant
mutants of FIV, a decrease in ECs,, was observed by the third
round of infection in the absence of drug, suggesting that
wild-type virus may have begun to emerge in the populations.
This is most likely due to a selective disadvantage of the vari-
ants when replicating in the absence of 3TC. Studies of HIV-1
isolates resistant to 3TC have shown that Met-184-Val, Met-
184-Thr, and Met-184-Ile mutants may have impaired replica-
tion rates relative to that of wild-type HIV-1 in primary pe-
ripheral blood mononuclear cell cultures (3, 23). We have
noted that 3TC-resistant mutants of FIV also replicate slower
and yield consistently lower titers than wild-type FIV when
cultured on CrFK cells (data not shown). Detailed compari-
sons of the replication kinetics of these viruses in CrFK cells
and in primary human lymphocyte cultures are in progress.

The Pro-156 position of FIV RT corresponds to the Pro-157
of HIV-1 RT (Fig. 2). Structural models of HIV-1 RT based on
crystallographic data have shown that Pro-157 is located within
the N-terminal portion of the «E helix (positions 155 to 174 of
the p66 subunit) and is proximal to Met-184 (20, 24, 41). Based
on the 57% identity and 87% homology of amino acid se-
quence within this region (residues 148 to 162 of HIV-1 RT
[Fig. 2]) and the overall high degree of homology between
HIV-1 and FIV RTs (38, 56), we predict that the Pro-156
residue of FIV RT is proximal to Met-183 in the active site of
the FIV enzyme. Therefore, we speculate that the resistance to
AZT and 3TC conferred by the Pro-156-Ser mutation may
result from an alteration in deoxynucleoside triphosphate
binding and/or template-primer positioning during reverse
transcription (41, 57, 60).

Studies of RTs from 3TC-resistant HIV-1 variants may pro-
vide clues to the biochemical consequences resulting from mu-
tations near the active site of the enzyme. The Met-184-Val
HIV-1 mutant displays an increased fidelity of nucleotide in-
sertion in gel-based, kinetic assays (40, 59). Additionally, RTs
from both the Met-184-Val and Met-184-Ile mutants of HIV-1
produce shorter cDNA products in vitro than does the wild-
type enzyme, suggesting that these mutant RTs may be less
processive enzymes (3). Due to its location, the Pro-156-Ser
mutation in FIV reported here may also have effects on the
fidelity and/or processivity of the mutant enzyme.

Combination chemotherapy involving the use of AZT and
3TC, often in conjunction with a protease inhibitor, has pro-
vided a substantial therapeutic advantage over conventional
monotherapy. The data presented here illustrate that lentiviral
mutants resistant to the combination of 3TC and AZT can be
selected in vitro and may represent a potential mechanism for
the development of multiple drug resistance during combina-
tion therapy for HIV-1. In addition, these data suggest that it
may not be necessary for HIV-1 to accumulate a large number
of point mutations in order to become resistant to the triple
combination of 3TC, AZT, and a protease inhibitor. However,
the mutants reported here appear to be replication impaired in
cell culture and therefore might be expected to result in lower
viral loads in vivo. The role of such mutants in pathogenesis
will be addressed experimentally with the FIV cat model.
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