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ABSTRACr
The qenome of the virus associated with the ac quired immune deficiency

syndrome (AIDS), htuman T-lymphotropic virus type I (HTLV-III), includes
two open reading frames, not found in other retroviruses. Oine of these,
desiqnated 3'open reading frame (3'orf) is 648 base pairs (bp) in length,
and overlaps with the 3'long terminal repeat (LTR) sequences. Sequences of
additional HTLV-III clones were determined in order to estimate the level
and location of variation within 3'orf, to gain some insight into the
function of its protein product. Newly determined sequences are reported
for 3'orf of two utnintegrated clones of HTLV-III and three cDNA clones made
from virion RNA derived from the same cell line infected with pooled blood
samples of different patients with AIDS or AIDS-related complex symptoms
(ARC). In addition, sequences for 3'orf were derived from an tnintegrated
viral clone derived from a different cell line infected with a distinct
isolate from a single patient. These sequences are compared to those
previously reported for six other viral clones. Sequences of 3'orf differ
among clones by 1.i-10.4% bp and 2.4-17.0% of predicted amino acids. This
represents significantly greater sequence variation than is found in the
entire qenome on average. Moreover, a functional proviral clone has a
termination codon at amino acid residue 124 of this open reading frame.
This raises questions concerning the structure, and regulation of expression
of the protein encoded by 3'orf.

INIWRODUCIION

HTLV-III, also designated lymphadenopathy-associated virus (LAV) or

AIDS-related virus (ARV), is closely associated with AIDS and is likely the

etiological agent in this disease (1-6). It is similar to other members of

the human and bovine lymphotropic virus family with respect to a) tropism

for lymphocytes (1,7-13), b) ability to produce giant multinucleated cells

in culture (1,11,12,14-16), c) magnesium requirement of its reverse trans-

criptase (17,18), d) immunological cross-reactivity of some of the gag and

env proteins (3,4,19), e) size of its genome which is longer than those of

other retroviruses (20-27), and f) ability to give rise to a trans-acting

function which enhances viral transcriptional activity (28-33).

HTLV-III differs from HTLV-I and -II in several respects, however.

First, HTLV-III has a distinct genetic structure from that of HTLV-I and -II

and shares only very distant nucleic acid similarities with them (23,34-

36). Second, HTLV-III is strongly cytopathic for T cells, but has no

immortalizing activity (1,5,37-39). In contrast, HTLV-I and -II which are
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weakly cytopathic (40-42) can efficiently immortalize T lymphocytes in vitro

(ii,i2,43-45). Lastly, HTLV-III shows significant genomic diversity amcng

different isolates unlike HTLV-I (23,36,46,47).

The seqtence of the entire provirus of several AIDS viral clones have

been presented elsewhere (22-24,27). These data demonstrate that. the genome
of HTLV-III includes typical retroviral genes for gag, pol, and env, as well

as two additional open reading frames not found in other RNA ttumor viruses.

The first has been designated as the short open reading frame (sor) or as

open reading frame i, Q or P', and overlaps with the 3' portion of pol. The

second has been designated 3'orf or open reading frame 2, F, or E'; it

begins Just 3' to env and overlaps the 3'LTR. Though mRNAs encoding these

genes have been identified (22, our unpublished observaticons), their protein

products have not yet been detected. Furthermore, the functions of these

putative proteins are unknown.

In order to gain some insight into the mode cf expression and functicon

of the 3'orf product, we have determined the sequence of this region from

several additional HTLV-III clones and compared them to previously published

sequences. Of particular interest is the 3'orf sequence of a functional

HTLV-III clone which reveals a termination codon at amino acid position

i24. This suggests that the N-terminal portion of this protein product

represents the functional portion of the molecule, or that the terminaticn

codon is suppressed, perhaps as a method of regulating expression of this

viral protein.

MATERIALS AND METHODS

Materlail: Nucleotide sequencing reagents, Y-[32]P-ATP (spec. act. >5000

Ci/mmole) and a.-132lP-dNTPs (spec. act. >3000 Ci/mmole) were obtained from

New England Nuclear; T4 polynucleotide kinase from New England Biolabs;

acrylamide, bis-acrylamide, N, N, N', N' -tetramethylethylenediamine, and

ammonium persulfate from Biorad; x-(32JP-dideoxyATP (spec. act. >7000

Ci/mmole) and terminal deoxynucleotidyl transferase from Amersham; restric-

tion enzymes, l1x universal core buffer, urea, bromphenol blue, ethidium

bromide, and Klenow fragment of DNA polymerase I from Bethesda Research

Labs; and tris (hydroxymethyl)aminomethane and ethylene diamine tetraacetic

acid from Sigma.

Phage and Plasmid Clones: Clones HXB2 and HXB3 include sequences from the

complete integrated proviruses together with flanking cellular sequences;

they were cloned at the Xba I site of )gtwes-)b (36). Clone HAT3 is a 9.2
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kilobase (kb) clone derived by Sst I treatment of the Hirt supernatant

fraction of the infected cell line; it was cloned in \gtwes-)b (48). C15,

C3, and C2 are cDNA clones synthesized from virion RNA using oligo.dT as the

primer, which were cytidylate-tailed and cloned in the guanylate-tailed Pst

I site of pBR322 (34).

DNA Sequencig: DNA fragments were labeled at their 5'ends with T4 polynu-

cleotide kinase and Y-[32JP-ATP or at their 3'ends with Klenow fragment of

DNA polymerase I and a-1321P-dNTP or terminal deoxynucleotidyl t.ransferase

and 0:-C32JP-dideoxyATP and sequenced by the partial chemical cleavage method

(49). The complete 3 'orf and LTR sequences of clones HXB2, HXB3, and HAT3

were determined. Clone CIS was also sequenced in its entirety. Sequences

determined for clones C3 and C2 were incomplete and consisted of 537

(nucleotides 8302-8838) and 484 bp (nucleotides 8438-8921), respectively.

BESULTS
A permanent T cell line was infected wit.h pooled blood samples from a

number of different patients with AIDS or ARC (1). Three integrated

proviral clones (HXB2, HXB3, and H9pv22), three unintegrated proviral clones

(BHie, BH8, and BH5), and cDNA clones synthesized using oligo.dT as a primer

for reverse transcriptase copying of either virion RNA (clones C2, C3, and

C15) or cellular polyadenylated RNA (represented as cumulative sequences

designated GcDNA) were obtained from this cell line (22,34-36). An uninte-

grated viral clone (HAT3) was obtained from another T cell line infected

with an HTLV-III isolate from a single, different individual (48). Clones

LAVlA and ARV2 are also derived from cell lines each infected with distinct

viral isolates from individual patients (24,27).

Newly derived sequences for 3'orf and the LTR derived from clones HB2,

HNB3, C5, and HAT3 are shown in Fig. 1. These are compared to previously

published sequences of clones BHie, BH8, H9pv22, GcDNA, LAV1A, and ARV2

(22-24,27). The sequences begin with the first ATG codon at position 8374,

situated in 3'orf fi codons after the preceding in-frame termination codon

and i bp after the termination codon of env. Clone CIS begins at position

8446 and terminates at the polyadenylation site at position 92i3. Clones

BHiO and BH8 terminate at the Sst I site used for cloning at position 9156.

Clone ARV2 includes a 12 bp insertion in 3'orf at positions 8446-8447,

and clone HAT3 includes a 6 bp deletion in 3'orf at positions 8517-8522

relative to HXB2. Neither of these alterations produces a frame shift.

Numerous nucleotide differences of the clones compared to HXB2 are distri-
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Table I - Sequence polymorphisms in 3'orf and the LTR of HTLV-III clones

Clone Percent bp differences Percent predicted amino Percent predicted non-conserva-
compared to clone BHRI acid differences compared tive amino acid substitutions

to clone BHRi compared to clone BHMO(a)
3'orf LTR total(b) 3'orf total(b) 3'orf total(b)

Clones de-
rived from BH8/BH5 1.9 1.6 1.3 2.9 1.8 1.9 0.9
the sam HXB2 2.3 i.6 3.8 1.0
cell line HXB3 1.1 1.2 2.4 1.9
infected C2 2.3 2.3 5.6 3.1
with pooled C3 2.5 2.8 3.9 1.9
blood samples C15 1.5 1.2 3.3 2.2
of different H9pv22 1.5 1.6 0.5 3.4 0.6 1.4 0.2
individuals

Clones each
derived from
a cell line
infected with HAT3 10.4(c) 8.3 17.0(c) 7.3
a viral iso- LAV1A 2.1 2.0 1.5 3.9 2.4 1.4 0.8
late from a ARV2 8.1(d) 5.6 6.3 15.O(d) 18.0 5.3 4.3
single indi-
vidual

a. Excludes deletions and insertions
b. Total nucleotide and predicted amino acid differences determined only for clones or combination of

clones e.g. BH8/BHS, for which sequences are available for nearly the entire genome (8937 bp of BHRI)
c. Includes 6 bp (2 amino acid) deletion
d. Includes 12 bp (4 amino acid) insertion

buted throughout 3'orf, and do not cluster in any particular region. Many

of t.hese sequence polymorphisms are found in common among the different

clones.

The level of sequence polymorphisms is summarized in Table I for each

of the i0 clones compared to BHiO, a clone which includes sequences of 98%

of the viral genome. Included in the comparison are clones C2 and C3 for

which only partial sequences are available, and thus they were not included

in Fig. i (see Materials and Methods). Nucleotide sequences within 3'orf

differ by i.1-2.5% among the clones isolated from the same cell line

infected with pooled blood specimens from different patients. These

nucleotide sequence differences predict 2.4-5.6X amino acid differences, of

which i.0-3.i% represent non-conservative amino acid substitutions.

Clones HAT3, LAViA, and ARV2 derived from other individuals show i1.4, 2.A,
and 8.A% bp differences, respectively, compared to BHie. There are 17.0,

3.9, and i5.0% predicted amino acid differences in clones HAT3, LAVIA, and

ARV2, respectively, compared to BH1O; 7.3, 1.4, and 5.3% represent non-con-

servative amino acid substitutions, respectively. This level of nucleotide

and amino acid sequence diversity is significantly greater than that seen on

average in the entire viral genome.

Differences in the LTR sequences available for the viral clones are

also summarized in Table i for comparison to those of 3'orf. This demon-

strates i.2-2.8% nucleotide differences among the clones derived from the

same cell line infected from pooled blood from different individuals. Cell
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HXB2 ATGG6TGGCAAGTGGTCAAAAAGTAGTGTGATTGGATGGCCTACTGTAAGGGAAAGAATGAGACGAGCTGAGC
MetGlyGlyLysTrpSerLysSerSerValIleGlyTrpProThrValArgGluArgMetArgArgAlaGluHXB3 -------------------G-----------G------------------

Val Ala
C15
HAT3 -------------------------AGA G-G6---------G-----------------CA-AA--------

LysMetGly Ala GlnLys
BH10 -------------------------6------G-- ----G-------------------

Val Ala
BH8 ------------------------------G-----------G------------------------------

Val Ala
H9pv22 ------------------------------------------G------------------------------

Ala
GcDNA ------------------------------6-----------6------------------------------

Val Ala
LAVlA ------------------------------6------------------------------------------

Val
ARV ---------------------C-----A--GG-------T--G--A---------------------------ACA

Arg MetGly SerAlalle Pro

HXB2

HXB3
C15

HAT3

BH18
BH8
Gc NA
LAVIA
ARV2

8446
(24)

CAGCAGCAGATGGGGTGG6A6CAGCATCTCG6GACCT6GAAAAACATG6A6CAATCACAAGTAGC 8511
ProAlaAlaAspGlyValGlyAlaAlaSerArgAspLeuGluLysHis6lyAlaIleThrSerSer (46)
.--- -A- ------

------------------------T------------QA----------------------
Val

-6------------------------------------G---------A--------------
Thr

-----------------------T------------A---------------
Val

CGAGCTGAGC
ArgAlaGlu Val

HXB2 AATACAGCAGCTACCAATGCTGCTTGTGCCTGGCTAG6AGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACA 8586
AsnThrAlaAlaThrAsnAlaAlaCysAlaTrpLeuGluAla6lnGluGluGluGluValGlyPheProValThr (71)

HXB3 --CA----------QA--------------------------A------- ----------

Asn Lys
C1S --C-----------------C--------T---------------------------------------------
HAT3 -----{ }--T------------CA----------------------T----------------------G-

Asn Thr Asp Arg
BH10 --C------------------QA--------------------------

Asn Asp
BH8 --------------------C-A------T---------------------------------------------

Asp
H9pv22 --CA----------QA------ ------------------------A--------------------

Asn Lys
GcDNA ----------------------QA---------------------------------------------------

Asp
LAViA.-------. --________________________________

ARV2 --------------T-------QA------------------------------QA-------------------G-
Asp Arg

./--U3
HXB2 CCTCAGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAG6TCTTAGCCACTTTTTAAAAGAAAAGGGGGGA 8661

ProGlnValProLeuArgProMetThrTyrLysAlaAlaValAspLeuSerHisPheLeuLysGluLysGlyGly (96)
HXB3 -- - - -HXB3 -----------------c----------------------------------------------------------

Ser
HAT3 -----------------G--T-------T----------------------------------------------

Phe
BH10 ---------------------------------------------------------------------------
BH8 ---------------------------------------------------------------------------

H9pv22 ---------------------------------------------------------------------------
GcDNA ---------------------------------------------------------------------------
LAVIA ---------------------------------------------------------------------------
ARV2 ---------------------------------------T-----QA-----------------------------

Lou Ile

HXB2 CTGGAAGGGCTAATTCACTCCCRAAGQAGACAAGATATCCTTGATCTGTGGATCTACCQCACACAAGGCTACTTC 8736
LeuGluGlyLeuIleHisSerGlnArgArgGInAspIleLeuAspLeuTrpIleTyrHisThrGInGlyTyrPhe (121)

HXB3 ------------------------C--------------------------------------------------
HAT3 -----T------G-GTT------G-A-------------------------G-T---------------------

Asp ValPhe Lys val
BH10 ---------------------C--------------------------------------------------
BH8 ------------------------C-------- ---------------------C--------------------

His
H99v22 ------------------------C--------------------------------------------------
Ge NA ------------------------C--------------------------------------------------

LAViA.C

ARV2 ---------------_TGG-----------------G---------------------------------------
Trp Ulu
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HXB2

HXB3

C15

CCT6ATTAGCA6AACTACACACCABGGCCAGGGGTCAGATATCCACT6ACCTTTGGATGGTGCTACAAGCTAGTA 8811
ProAsp * GInAsnTyrThrProGlyPro6lyValArgTyrProLeuThrPheGlyTrpCysTyrLysLeuVal (146)
----G----------------A--------AA-----------------C------------

Trp Ile Arg
-------G------------------------A-----------------------------------------

Trp
HAT3 -----C-6-------------------------AC-----------------------------T----------

Trp Thr Phe
BH1.--------------------A-----------------------------------------

Ile
BH8 -------G6------------------------Rn------------------------------------------

Trp
H9pv22 ------6------------------A------R-----------------------------------------

Trp Ile
GcDNA -------6------------------AA-----------------------------------------------

Trp Ile
LARVA -------G6

Trp
ARV2 ------.6------T------------------A------------------------------T----------

Trp Ile Phe

HXB2 CCA6TT6A6CCArATAAG6TAGAA6AA6CCAATAAA6rG6AAAACACCA6CTTGTTACACCCTGTGA6CCTGCAT 8886
ProValGluProAspLysIleGlu6lunlaAsnLys6ly6luAsnThrSerLeuLeuHisProValSerLeuHis (171)

HXB3 --------------6---TA------------C------------------------------------------
Glu Leu

C15 ------------------G6-------------C------------------------------------------
Val

HAT3 ------------------a------------C-6A---------------------------- AT--------
Val ThrGlu Asn IleCys

BHIS --------------6---T--A-.----- C -----------------------------
Glu Leu

BH8 --------------G6-----------RA------------------------------------------------
Glu

H9pv22 ------------------6-------------C------------------------------------------
Val

GcDNA --------------6---T-- .----C------------------------------------------
Glu Leu

LRV1R ------------------G6--------------------------------------------------------
Val

ARV2 --------------6.---6--------------A----------------------------A-----------
Glu Val Glu Asn Met

HXB2 666ATG6AT6ACCC6AGAG6A6AAGT6TTAGA6TAGAR6TTT6ACA6CCGCCT6GCATTTCATCACGTGGCCCGn 8961
61 MetAspAspProGluArg6luValLeuGluTrpArgPheAspSerArgLeuAlaPheHisHisValAlaArg (196)

HXB3-- ---HXB3 --A--------------------------------------------------------------- n-------C15 -- -- --A
Met

HAT3 --------------A----A-----------.T--------------------C--------------C------
Lys Val Lys

BH10 --A.-------------------- ---------------------------- --------
Met

BH8 --A-----------T---------------------------------------------------.--------
Met

H9pv22 --A------------------------------------------------------------------------
GcDNA --A------------------------------------------------------------------------
LAVIA --A-----------T------------------------------------------------------------
ARV2 --------6---GA-----------------T----------------AAA.-----------------------

HXB2

HXB3
C15
HAT3

BH10
BH8
H9pv22
6cDNA
LAVIA
ARV2

Glu Ala Lys Val

6luLeuHisProGiuTyrPheLysAsnCys

Lys

Lys Met

'TTCCA 9036
(206)

Tyr Asp

Tyr Rsp

HXB2 6hGAGGCGTGGCCTI
HXB3 --------------
C15
HAT3 ------T-------
BH1S --------------
BH8 --------------

H9pv22 --------------
GcDNA --------------
LAVIA --------------
ARV2 --------------

3CGAGCCCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTG 9111
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HXB2 TACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTC
HXB3 -------------------------------------------
C15 ------- ____________________.

HAT3 ---------------------------------T---------
BH1S -------------------------------------------
BH8 -------------------------------------------

H9pv22 -------------------------------------------
Gc NA -------------------------------------------
LAVIA ---------------------------T---------------
ARV2 -------------------------------------------

. . ~~~R--\/--U5 .
HXB2 TCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGT
HXB3 -------------------------------------------
C15 ----------------------------AAAAAA
HAT3 -------------------------------------------
H9Svy2 -------------------------------------------
Gc NA ----------------------------------------- A-
LAVIA -------------------------------------------
ARV2 -------------------------------------------

. . . ~~~U5--\
HXB2 CAGACCCTTTTAGTCAGTGTGGAAAA TCTCTAGCA
HXB3 -------------------------- ---------

HAT3 ------TC------------------ ---------

H9Sy22 -------------------------- ---------

Gc NA -------------------------- ---------

LAVIA - -

ARV--A-

TrTrCrTrToorTOd

Nucleic Acids Research

;GGRACCCACTGCTTAAGCC 9186

------------G-------------------
-------------G-------------------

rCTGTTGTGTGhCTCTGGTAACTAGAGATCCCT

Fig. 1. 3'Open reading frame and long terminal repeat sequences of HTLV-III
clones (listed on the left of each lane). Newly determaned sequences for
clones H)X2, HXB3, CIS, and HAT3 (listed at the top of each group of lines)
are compared to previously published sequences for clones BHMO, BH8, H9Pv22,
GcDNA, LAViA, and ARV2 (lasted at the bottom of each group of lines). GcDNA
represents cumulative sequences from several different cDNA clones made from
cellular polyadenylated RNA. Nucleotide and predicted amino acid sequences
are shown for clone HXB2, and dashes represent identical nucleotides at the
same position in the other clones. Sequence differences in the other clones
are indicated. LTR sequences for HXB2 and HXB3 were determined for both the
5' and 3' LTR of the integrated proviruses and are identical in each case.
The sequences shown for U5 and a portion of R of HAT3 were determined from
the 5'LTR and are inferred to be the same for the 3'LTR. The sequence of
the 5'LTR of HXB2 was previously reported (53). Sequences shown begin with
the first ATG codon in 3'orf, ii codons after an in-frame termination
codon. Amino acid sequence positions for 3'orf are listed to the right of
each qroup of lines in parentheses. Nucleotide positions are also listed to
the raght of each group lines, using the reviously described numbering
scheme where position 1 represents the viral RNA CAP site in the 5'LTR ana
position 92i3 represents the polyadenylation site in the 3'LTR (23). Dots
above each group of sequences represents the position of every tenth
nucleotide in clone HXB2. An asterisk indicates a termination codon
at amino acid position i24 in 3'orf of clone HXB2. A deletion in clone HAT3
relative to HXB2 is indicated by brackets. A i bp deletion in clone ARV2
relative to HXB2 at position 907i is indicated by a blank space. The
boundaries for U3, R, and U5 are also depicted.

lines infected with isolates from other individuals show 8.3, 2.0, and 5.6%

differences in LTR sequences for clones HAT3, LAVIA, and ARV2, respectively,

compared to BHI0.

Of note is that HMM2, which has been demonstrated to be a functional

clone with regards to its ability to give rise to cytopathic viral parti-
cles (50), has a TAG termination codon at amino acid residue i24 (nucleotide

positions 8743-8745) of 3'orf (Fig. i). A TAG termination codon is found at

the same position in clones BHi± (Fig. i) and C2 and C3 (data not shown).

The other clones have a TGG sequence coding for tryptophan at that posi-
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tion. Thus, at most a £4 kilodalton primary translation product could

be encoded by clone HXB2 if this termination codon is not suppressed.

DISCUSSO
Sequences compared here include those from nine different HTLV-III

viral clones derived from a single cell line infected with pooled blood

samples from different individuals. Polymorphism in sequences is clearly

present with i.2-2.8% variation within LTR sequences among these clones.

Other clones derived from different cell lines infected with distinct single

viral isolates reveal 2.e-8.3% bp differences in the LTR compared to clone

BHi0. The contribution of cloning artifacts or sequencing errors to this

level of variation is less than O.i% bp, as was previously demonstrated

(24,47).

These sequence polymorphisms confirm an earlier report of genomic

diversity of HTLV-III based on restriction enzyme site differences among

different isolates (36). In that study, differences in restriction enzyme

maps were noted in the fresh tissues of different individuals as well as in

cell lines. There is no evidence for variation in genomic sequences as a

result of in vitro propagation of virus infected cells, though defini-

tive data are still lacking. Sequence variations may represent differences

in sequences of viruses infecting different individuals or differences

arising within a given individual over a period of time. In one case

examined, however, an identical restriction enzyme map was found for virus

clones isolated from the same individual on two different occasions several

months apart (5£). The mechanisms involved in the generation of sequence

diversity remain to be investigated. An error-prone reverse transcriptase

may account for these results. Moreover, the implications for differences

in function of viral proteins is not known. The resultant alteration

in antigenic structure of viral proteins may be important in determining the

interaction of infected cells with immune regulators, and will also influ-

ence strategies of vaccine development.

An open reading frame of 648 bp, designated 3'orf, is present in some

but not all AIDS viral clones. The first ATG codon follows the env gene,

and this open reading frame overlaps with U3 by 33£ bp. Clones from the

same cell line infected with pooled blood samples show i.i-2.5% bp differ-

ences and 2.4-5.6% predicted amino acid differences compared to BHie.

Clones HAT3, LAViA, and ARV2, derived from other cell lines infected with

isolates from different single individuals show i0.4, 2.i, and 8.i bp
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differences, and i7.0, 3.9, and i5.0% predicted amino acid differences,

respectively, compared to BHi1. This level of sequence diversity is greater

than that seen on average in the entire viral genome. For example, in

comparing ARV2 with BHi1, the level of predicted amino acid differences are

6.4% for gag, 4.8% for pol, 7.9% for sor, 7.0% for the extracellular

portion of env, i2.2% for the transmembrane portion of env, and 15.0% for

3'orf (23,24,47). The high level of sequence diversity in 3'orf compared

to most of the other regions of the provirus, however, does not exclude the

possibility that a protein product from this region may be functionally
important. Certainly the env product, which also exhibits considerable

sequence variability, is required for virus replication. However, it does

raise the question as to whether a 3'orf product may contribute to antigenic

variation of the virus.

Several clones were also noted to have a termination codon at the

predicted amino acid residue 124 in 3'orf. Moreover, clone HXB2, one of the

clones with a termination codon at this position, upon transfection into

human umbilical cord blood cells gives rise to viral particles and cyto-

pathic effects, and thus appears to be a fully functional clone (50). These

data raise questions about the structure of a protein encoded by 3'orf and

its possible biological functions. The N terminal portion of the 3'orf

protein product may include the functional region of the molecule. The

possibility that the termination codon at residue 124 in some viral isolates

is suppressed must also be considered. The demonstration of suppression of

the termination codon between gag and pol of Moloney murine leukemia virus

provides a precedent among retroviruses for this mechanism (52). Thus,

suppression of termination codons may provide an additional level of

regulation of viral protein expression.
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