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Canavanine is an arginine analog which is widely used to inhibit proteolytic
processing of viral polyproteins. Certain results obtained with canavanine have
suggested that it may have other effects. Therefore, we examined the effects of
canavanine on the cell-free synthesis of murine retrovirus proteins. It was found
that the electrophoretic mobility of the major gag-related cell-free product of
both Rauscher murine leukemia virus (R-MuLV) and Moloney murine sarcoma
virus 124 (Mo-MuSV-124) RNA was dependent on the concentration of canavan-
ine used during translation. As the canavanine concentration was increased up to
4 mM, the apparent size of the major gag-related polypeptide also increased from
65,000 (R-MuLV RNA) or 63,000 (Mo-MuSV-124 RNA) to approximately 80,000
daltons. Additional increases in the canavanine concentration up to 12 mM did
not increase the size of the gag gene product beyond 80,000 daltons. This change
in electrophoretic mobility appeared to be due to a substitution of canavanine for
arginine residues in the polypeptides, not to a change in their actual size. If amber
suppressor tRNA and canavanine were used together during translation of Mo-
MuSV-124 RNA and Mo-MuLV RNA, the results were also in agreement with
this proposal. Translation experiments done with ovalbumin mRNA and men-
govirus 35S RNA indicated that canavanine incorporation caused a shift in the
electrophoretic mobility of ovalbumin from 43,000 to 45,000 daltons and caused
the appearance of two slightly larger polypeptides in the 155,000- and 115,000-
dalton regions of the mengovirus RNA cell-free product.

In Rauscher murine leukemia virus (R-
MuLV)-infected cells and in the translation
product of R-MuLV RNA, the predominant
gag-related precursor polypeptide is Pr65'19 (1,
9, 15, 24, 26). In infected cells, Pr659'1 is cleaved
to yield the viral core proteins (1, 2, 24, 26).
However, if canavanine, an arginine analog, is
substituted for arginine during pulse-chase ex-
periments in infected cells or during cell-free
translation of R-MuLV RNA, an 80,000-dalton
(80K) gag gene product, originally designated
PrW09, accumulates, whereas Pr65Yag either is
not detected or is greatly diminished (1, 2, 9, 10,
16, 17, 24, 26). This result suggested that the
80K polypeptide was the primary gag precursor.
This suggestion was strengthened by the obser-
vation that in R-MuLV-infected cells in the ab-
sence of canavanine, there is an 80K gag-related
polypeptide which has a half-life of about 15 min
(9) and a tryptic map almost identical to that of
Pr65iag (1). In whole cells, in addition to its
effects on the core protein precursors, canavan-
ine blocks the formation of the mature viral
proteins and the release of virus (9, 10).

Recently, we have been led to doubt the in-
terpretation that the 80K gag-related poly-

peptide which accumulates in the presence of
canavanine is the primary gag gene product. It
was reported recently (6, 23) and has since been
confirmed by us (V. Ng and R. Arlinghaus, un-
published data) that the 80K gag-related poly-
peptide observed in infected cells in the absence
of canavanine is glycosylated and for this reason
is now designated gPr8V"1-, thus making it an
unlikely candidate for a core protein precursor.
In addition, intracellular gPr8O9aR lacks a p30-
characteristic tryptic peptide found in both
Pr656'1 (11) and Pr75sag, another intermediate
gag precursor (E. C. Murphy and M. Nash,
unpublished data), and contains a mannose-la-
beled tryptic peptide not found in Pr65rag (J.
Kopchick and R. Arlinghaus, unpublished data).
Hence, it seems probable that authentic
gPr80g9R and the 80K gag-related polypeptide
which accumulates in the presence of canavan-
ine are not the same polypeptide.

In this report, evidence will be presented
which strongly suggests that canavanine incor-
poration during cell-free translation of R-MuLV
Pr65'9 and Moloney murine leukemia virus
(Mo-MuLV) Pr63ga- can cause a shift in electro-
phoretic mobility, the extent of which is depend-
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ent on the concentration of canavanine used. At
its maximum, canavanine appears to be able to
change the electrophoretic mobility of both
Pr639" and Pr65M such that they migrate with
an apparent molecular weight of about 80,000.
This change in electrophoretic mobility is prob-
ably not due to any change in the size of Pr634w
or Pr659', but is instead due to a substitution of
canavanine for arginine in these polypeptides.
Canavanine incorporation exerts a similar but
less dramatic effect on the cell-free product of
mengovirus 35S RNA and ovalbumin RNA. Re-
sults with canavanine and amber suppressor
tRNA used in combination are also in agreement
with this proposal.

MATERIALS AND METHODS

Cells and viruses. For the production ofR-MuLV,
infected NIH Swiss mouse cells (JLS-V16) were grown
in a modified Eagle medium in 2-qt (about 1.9-liter)
roller bottles as described previously (25). Both clone
1 Mo-MuLV-infected cells (a generous gift of Karen
Beemon) and Moloney murine sarcoma virus (Mo-
MuSV-124)-infected cells (a generous gift of Peter
Duesberg and also Judy Ball) were grown in roller
culture in McCoy 5A medium containing 15% fetal calf
serum. The Mo-MuSV-124-infected cells (clone G8-
124) produce sarcoma virus against a low background
of helper leukemia virus (3). Virus was harvested from
the culture fluids by polyethylene glycol precipitation
and purified by isopycnic banding in a 15 to 60% linear
sucrose gradient (25).

Uninfected JLS-V16 cells, grown in a modified Ea-
gle medium (25), were used as a source of the S-10
extracts used in the cell-free protein synthesis assays.

Isolation of viral nucleic acids. Viral RNA was
isolated from the purified virus by sodium dodecyl
sulfate (SDS)-phenol/chloroform extraction as de-
scribed previously (15, 17), except that the virus was
exposed to 100 yg of proteinase K per ml in 10 mM
Tris (pH 7.5)-100 mM LiCl-1 mM EDTA-0.5% SDS
for 15 min at 370C prior to the organic extractions.
Genome-size (70S) RNA was isolated from the R-
MuLV and Mo-MuLV nucleic acids by centrifugation
in a 5 to 25% sucrose gradient containing 10 mM
Na(OAc) (pH 5.1)-100 mM LiCl-1 mM EDTA-0.1%
SDS for 18 h at 15,000 rpm at 40°C. To obtain genome-
size RNA from Mo-MuSV-124, the centrifugation
speed was increased to 18,000 rpm. Subunit-size (35S
for R-MuLV and Mo-MuLV; 30S for Mo-MuSV-124)
RNA was isolated by sucrose gradient centrifugation
as described previously (15, 17).
Whole chick oviduct polyadenylic acid-containing

RNA was a generous gift of Savio Woo (Baylor College
of Medicine). Mengovirus 35S RNA was a generous
gift of George Thornton (Abilene Christian Univer-
sity).

Cell-free protein synthesis. The cell-free protein
synthesis system and its preparation have been pre-
viously described (17). In essence, it is micrococcal-
nuclease-treated (20) extract from uninfected JLS-V16

cells supplemented with a 0.5 M KCl wash of rabbit
reticulocyte polyribosomes. The translation assays
contain, in 25 IL: 20 mM HEPES (N-2-hydroxyethyl-
piperazine-N'-2-ethanesulfonic acid; pH 7.6), 90 mM
KCI, 1 mM Mg(OAc)2, 150 MM spermidine, 8 mM 2-
mercaptoethanol, 1 mM ATP, 150 MM GTP, 600 uM
CTP, 10 mM creatine phosphate, 16 iLg of creatine
kinase per ml, 400 to 800,uCi of ['S]methionine per
ml (-1,200 Ci/mmol) or 500,uCi of [3H]tyrosine per
ml (55 Ci/mmol), 100 MM each of unlabeled amino
acids, 5.25 ,ul of nuclease-treated cell extract, and 0.10
to 0.125 Am (absorbance at 280 nm) units of rabbit
reticulocyte ribosome high-salt-wash factors (7). Viral
RNA was usually added at 40 ug/ml, and protein
synthesis was allowed to proceed for 150 min at 30°C.
Incorporation of radioactivity into protein was meas-
ured by hot trichloroacetic acid precipitation (17).
When necessary, crude yeast suppressor-minus tRNA,
amber suppressor tRNA, or ochre suppressor tRNA
(a generous gift of Ray Gesteland) was added to a
concentration of 20 to 40 Ig/ml in the assay.
Gel electrophoresis. Polyacrylamide gel electro-

phoresis in 6 to 12% linear gradient gel slabs (or 11.25%
slabs) in 0.1% SDS was performed, using the buffer
system described by Laemmli (12). Fluorography was
performed on the dried gels according to Bonner and
Laskey (4). A linear response to radioactivity was
obtained by preflashing the X-ray film (13). In some
experiments, a New England Nuclear product
(EN3HANCE) was used instead of dimethyl sulfoxide-
2,5-diphenyloxazole (DMSO-PPO) to impregnant the
gels with fluor.

Quantitative estimates of the amount of radioactiv-
ity in individual polypeptides were obtained by excis-
ing gel slices containing these polypeptides from the
gel slabs. Each slice was hydrated with 100 Ml of water
and incubated in 5 ml of NCS counting fluor (10 ml of
NCS solubilizer:4.4 ml of Scinti-prep:85.6 ml of tolu-
ene) at 37°C for 16 h. After chilling, the radioactivity
in each slice was determined and divided by the ap-
parent molecular weight of the polypeptide to give an
estimate of approximate molar yield.

RESULTS

Dependence ofthe electrophoretic mobil-
ity of major gag-related cell-free product
on the concentration of canavanine. R-
MuLV 35S RNA was translated in the presence
of either 0.8, 2, 4, 8, or 12 mM canavanine. The
results of this experiment (Fig. la) show that in
the absence of canavanine, the major gag-re-
lated cell-free product had an apparent molecu-
lar weight of 65,000 (Fig. la, lane C). In 0.8 mM
canavanine, no Pr65'O was seen; instead, a dou-
blet of 70,000 to 73,000 molecular weight was
observed (Fig. la, lane D). In 2 mM canavanine,
the major gag-related polypeptide had an ap-
parent molecular weight of 75,000 (Fig. la, lane
E), and in 4, 8, and 12 mM canavanine (Fig. la,
lanes F, G, and H, respectively), the molecular
weight of this polypeptide doublet had shifted
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FIG. 1. Translation of retrovirus RNA in the presence of canavanine. (a) Translation of R-MuLV 35S

RNA. R-MuLV 35S RNA was translated in the presence of varying concentrations of canavanine, and the
product was analyzed on a 6 to 12% polyacrylamide gel slab. (Lane A) An R-MuLVprotein standard; (lane
B) no RNA, no canavanine; (lane C) R-MuLV RNA, no canavanine; (lane D) R-MuLV RNA, 0.8 mM
canavanine; (lane E) R-MuLVRNA, 2mM canavanine; (lane F) R-MuLV RNA, 4mM canavanine; (lane G)
R-MuLVRNA, 8mM canavanine; (lane H) R-MuLVRNA, 12mM canavanine. (b) Translation ofMo-MuSV-
124 RNA. Mo-MuSV-124 50- 70SRNA was translated in thepresence ofvarying concentrations ofcanavanine,
and the product was analyzed on a 6 to 12% polyacrylamide gel slab. (Lane A) No canavanine; (lane B) 0.8
mM canavanine; (lane C) 1.6mM canavanine; and (lane D) 4 mM canavanine; (lane E) the R-MuLVprotein
standard.

to 79,000 to 83,000. We emphasize here that the
shifts observed are shifts in electrophoretic mo-
bility and do not necessarily imply an actual
change in molecular weight. In many experi-
ments, the polypeptide doublets were not re-
solved; instead, the product formed in the pres-
ence of canavanine migrated as a wide, some-
what diffuse band of approximately 80,000 mo-
lecular weight. We have previously shown that

the 80K polypeptide (79-83K doublet) trans-
lated from R-MuLV 35S RNA in the presence
of canavanine is gag related immunologically
and possesses a methionine tryptic map indistin-
guishable from that of Pr65Ras (15). Polypeptides
smaller than Pr6,5'a appeared to be mostly un-
affected by canavanine. This result could possi-
bly be explained by their relatively low arginine
content. These polypeptides are mostly prema-
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turely terminated Pr6Vag molecules containing
p15, p12, and a portion of p30, and lacking plO
(16). Amino acid analyses have shown that p15
contains approximately 4 arginine residues, p12
contains 6 arginines, p30 contains 30 arginines,
and plO contains 14 arginines (5). Thus, the bulk
of the arginine residues in Pr65'19 has probably
been lost in these premature termination frag-
ments.
A similar dose dependence of the size of the

major gag-related cell-free product of Mo-
MuSV-124 50-70S RNA was also observed. The
major Mo-MuSV-124 cell-free product trans-
lated in the absence of canavanine had an ap-
parent molecular weight of 63,000 designated
P63gag (Fig. lb, lane A). However, in 0.8, 1.6, and
4 mM canavanine, the electrophoretic mobility
of this product had shifted such that the poly-
peptide size appeared to be 67,000 to 70,000,
70,000 to 75,000, and 78,000 daltons, respectively
(Fig. lb, lanes, B-D).
Although other interpretations are possible,

the dose dependence of the canavanine results
suggest that a canavanine incorporation might
be causing a shift in the electrophoretic mobility
of PrO65ag and P63gag rather than having an
effect on a processing step.
Effect of canavanine on amber suppres-

sion of polypeptide termination. It has re-
cently been reported that translational control
of the murine retrovirus joint gag-pol precursor
may be mediated by suppressors of a UAG (am-
ber) codon (21). We ourselves have found that
Mo-MuLV Pr2009""' synthesis can be en-
hanced 20- to 40-fold at the apparent expense of
Pr659' by amber suppressor tRNA. In addition,
we have observed that amber suppression of
Mo-MuSV-124 P63`9 termination leads to the
formation of Pr67-ag (Murphy and Arlinghaus,
submitted for publication). In view of the appar-
ent presence of a suppressible UAG codon at the
end of the mRNA coding for Mo-MuSV P63gag,
it follows that the synthesis of a 78K gag-related
polypeptide in the presence of canavanine must
(Fig. lb) involve the read-through of this pro-
posed UAG codon if the 78K polypeptide is
indeed a precursor to P63gaw and not an artifact.
However, if the 78K polypeptide synthesized in
the presence of canavanine is in reality P63gag
whose electrophoretic mobility has been shifted,
then amber suppressor tRNA might be expected
to allow the synthesis of a polypeptide about
4,000 daltons larger (analogous to Pr67ga-). The
results of this type of an experiment are shown
in Fig. 2a. In the absence of either canavanine
or amber suppressor, the major Mo-MuSV-124
gag-related polypeptide had an apparent molec-
ular weight of 63,000 (Fig. 2a, lane B). Amber
suppression allowed the synthesis of a 67K poly-

peptide (Pr679(9) at the expense of P63gw (Fig.
2a, lane C; Table 1). Translation of Mo-MuSV-
124 RNA in 4 mM canavanine yielded a 78K
polypeptide, but no P63gag or Pr67gw was ob-
served (Fig. 2a, lane D). In the presence of both
4 mM canavanine and amber suppressor tRNA,
an 84K polypeptide appeared in the Mo-MuSV-
124 cell-free product in addition to the 78K
polypeptide (Fig. 2a, lane E). The polypeptide
in Fig. 2a, lane E, just slightly larger than 84,000
daltons is probably the translation artifact also
seen in Fig. 2a, lanes B, C, and D. Quantitation
of the results of this experiment showed that in
the presence of amber suppressor tRNA, about
1 mol of Pr679`9 was synthesized for every mole
of P63gw lost. In the presence of canavanine and
amber suppressor tRNA, for every mole of 78K
polypeptide lost, approximately 1 mol of 84K
polypeptide was synthesized. Although other ex-
planations for the results of this experiment are
conceivable, it seems most likely that the 78K
polypeptide observed in canavanine is in reality
P63ga, and that the 84K polypeptide observed
in the presence of both canavanine and amber
suppressor tRNA is actually Pr67g.

Translation of Mo MuLV 35S RNA in the
presence of both canavanine and amber sup-
pressor also yielded results which are hard to
explain unless it is presumed that canavanine
incorporation changes the electrophoretic mo-
bility of the gag precursor, Pr63,'". In the pres-
ence ofamber suppressor tRNA, Pr200G'(P syn-
thesis was increased greatly at the apparent
expense of Pr639w (compare lanes A and B in
Fig. 2b; refer to Table 2). Cell-free synthesis in
the presence of 4mM canavanine resulted in the
replacement of Pr639w (Fig. 2b, lane A) with an
80K polypeptide (Fig. 2b, lane C). Amber sup-
pressor tRNA appeared to mediate the efficient
suppression of the 80K polypeptide synthesis to
form Pr200ga°'- (Fig. 2b, lane D). Note that
inclusion of 4 mM canavanine in the translation
assay (Fig. 2b, lanes C and D), regardless of
whether amber suppressor tRNA was also
added, increased by 10,000 to 20,000 daltons the
apparent molecular size of Pr2009"w°' and poly-
peptides a through e in the 80-to-200K region of
the gel (compare Fig. 2b, lanes A and C, as well
as lanes B and D). It was not clear whether the
mobility of polypeptides f and g (Fig. 2b, lane
D) was affected by canavanine. This result
strengthens the argument that canavanine in-
corporation may be causing an artifactual in-
crease in the electrophoretic mobility of poly-
peptides. Table 2 contains quantitative esti-
mates of the relative molar accumulation of the
Mo-MuLV polypeptides seen in Fig. 2b, lanes A
through D.

Effect of canavanine on the apparent mo-
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FIG. 2. Combined effect of both canavanine and amber suppressor on the translation of Mo-MuLV and
Mo-MuSV-124 RNA. (a) Effect of canavanine on the amber suppression of Mo-MuSV-124 polypeptide
synthesis. The cell-free product ofMo-MuSV 124 30S RNA synthesized in the presence or absence of 4 mM
canavanine and in the presence or absence of amber suppressor tRNA was analyzed by electrophoresis on 6
to 12% polyacrylamide gels. (Lane A) An R-MuL Vpolypeptide standard as described in Fig. 1; (lane B) Mo-
MuSV-124 RNA, no canavanine, no suppressor; (lane C) Mo-MuSV-124 RNA, no canavanine, amber
suppressor; (lane D) Mo-MuSV-124, 4 mM canavanine, no suppressor; (lane E) Mo-MuSV-124, 4 mM
canavanine, amber suppressor. (b) Effect of canavanine on the amber suppression of Mo-MuLVpolypeptide
termination. The cell-free product of Mo-MuLV 35S RNA synthesized in the presence or absence of 4 mM
canavanine and in the presence or absence of amber suppressor tRNA was analyzed by electrophoresis on 6
to 12% polyacrylamide gels. (Lane A) Mo-MuLV RNA, no canavanine, no suppressor; (lane B) Mo-MuLV
RNA, no canavanine, amber suppressor; (lane C) Mo-MuLVRNA, 4mM canavanine, no suppressor; (lane D)
Mo-MuLV RNA, 4 mM canavanine, amber suppressor.

TABLE 1. Effect of canavanine on the amber
suppression ofMo-MuSV-124 polypeptide

biosynthesis
Polypeptide synthesized (mol)

Poly- Canavan-
peptide Suppres- Amber Canavan- ine plussor-minus suppres- m me

tRNA sor tRNA ine taRmNAr

P63w 375a 178 None None
Pr67ag 31 231 None None
78K None None 193 110
84K None None None 66

aThese data were obtained by dividing the radio-
activity in a gel slice by the apparent molecular weight
of the polypeptide. For the purposes of this analysis,
an even distribution of methionine residues in the
polypeptides was assumed.

lecular weights of ovalbumin and mengo-
virus-specific proteins. Since it appeared that
canavanine incorporation artifactually increased
the molecular weight of Mo-MuLV Pr639a", Mo-
MuSV-124 P63NaN, and R-MuLV Pr65Vg, it
seemed possible that this effect might be a gen-

TABLE 2. Effect of canavanine on the amber
suppression ofMo-MuLVpolypeptide termination

Polypeptide synthesized (mol)

Polypeptide Suppres- Amber Canavan-
sor-minus suppres- Cana- ine plusor-n8 sor vanine ambertRNA tRNA tRNA

Pr200"'a' 13.7a 237 20.6 372
Pr80oga None None 898 393
PrW0g' 228 261 None None
Pr631"' 914 464 203 168

'These data were obtained in the same way as
described in Table 1.

eral one. Thus, we examined the effect of cana-
vanine on the cell-free product of ovalbumin and
mengovirus 35S RNA. The results (Fig. 3 and 4)
show that ovalbumin, which has a molecular
weight of43,000 when synthesized in the absence
of canavanine (Fig. 3, lane B), shifted to an
apparent molecular weight of 45,000 when syn-
thesized in the presence of 4 mM canavanine
(Fig. 3, lane C). The canavanine effect on men-
goviral RNA translation was more complex. In

a
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FIG. 3. Effect of canavanine on cell-free ovalbu-
min synthesis. The cell-free product ofpolyadenylic
acid-containing chick oviduct RNA synthesized in
the presence or absence of 4 mM canavanine was

immunoprecipitated with antiovalbumin, and the im-
munoprecipitates were analyzed on an 11.25% poly-
acrylamide gel. (Lane A) No RNA, no canavanine;
(lane B) oviduct RNA, no canavanine; (lane C) ovi-
duct RNA, 4mM canavanine.
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FIG. 4. Effect of canavanine on the translation of
mengoviral RNA. Mengovirus 35S RNA was trans-
lated in thepresence or absence of4mM canavanine,
and the cell-free product was analyzed on a 6 to 12%
polyacrylamide gel slab. (Lane A) An R-MuLV pro-
tein standard; (lane B) no RNA, no canavanine;
(lane C) mengoviral 35S RNA, no canavanine; (lane
D) mengoviral 35S RNA, 4 mM canavanine.

the presence of 4 mM canavanine, novel 155K
and 115K polypeptides appeared in the mengo-
viral RNA cell-free product (Fig. 4, lane D),
possibly at the expense of a 145K and a 110K
polypeptide (Fig. 4, lane C). In addition, a 74K
polypeptide disappeared (Fig. 4, lane C).

DISCUSSION
The arginine analog canavanine has been used

in numerous studies dealing with murine retro-
virus (2, 9, 10, 15, 22, 24, 26) and picornavirus (8)
polypeptide formation. It has been generally
accepted that canavanine exerts its effects by its
incorporation into polypeptide chains (8) and
subsequent interference with trypsin-like proc-
essing enzymes. In R-MuLV-infected cells, 3 to
4 mM canavanine causes the increased accu-
mulation of an 80K polypeptide, initially desig-
nated Pr80gw, at the apparent expense of
Pr65C', the known precursor to the viral core
proteins. Canavanine treatment, in addition,
prevents the further cleavage of Pr65V' (2, 9, 15,
22, 24, 26) and efficiently blocks the release of
newly formed virus (10). In R-MuLV-infected
cells, a gag-related 80K polypeptide was ob-
served in the absence of canavanine which had
a half-life of about 15 min. Originally, the short-
lived 80K polypeptide observed in cells not
treated with canavanine and the 80K poly-
peptide which accumulated in the presence of
canavanine were thought to be identical and an
obligate precursor to Pr65M (9). Recent find-
ings, however, suggest that the 80K gag-related
polypeptide which is seen in infected cells in the
absence of canavanine is a glycosylated molecule
(6, 23) and thus is probably not a precursor to
Pr65W` and the core proteins. This polypeptide
is now designated gPr80gfR. Recent experiments
in our laboratory have confirmed that gPr80gag
is glycosylated as measured by mannose incor-
poration and binding to lectin columns (Ng and
Arlinghaus, unpublished data). In addition, it
has been found that gPr80Yw lacks a p30-char-
acteristic tryptic peptide found in Pr65'9 (11)
and contains a mannose-labeled tryptic peptide
not found in Pr659' (Kopchick and Arlinghaus,
manuscript in preparation).
The data presented in this report suggest that

the gPr80M-like polypeptide which accumulates
in cells and which is the major gag-related cell-
free translation product of murine retrovirus
RNA in the presence of canavanine is not
gPr80gw but is in fact Pr659qg (or Pr63gag) some-
how altered by canavanine incorporation into
the polypeptide chain such that it appears to
have a molecular weight of 80,000. The depend-
ence of the electrophoretic mobility of the gag-
related cell-free product on the concentration of
canavanine used strongly supports this view, as
does the approximately 20,000-dalton upward
shift of Mo-MuLV Pr200MY"°' and most of the
polypeptides in the 80,000- to 200,000 molecular-
weight range observed in the Mo-MuLV cell-
free product synthesized in the presence of can-
avaiine. This upward shift of Pr2009YP'1' has
also been seen in R-MuLV-infected cells treated
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with canavanine (9, 10), but at the time this
effect was attributed to an alteration in the
processing of the Pr200Ya'.Po triplet (9).
Canavanine also appears to cause a small but

quite clear shift in electrophoretic mobility of
ovalbumin synthesized in its presence. This ef-
fect is not as dramatic as the shift of Pr65VC to
80,000 molecular weight, but may be explained
by the fact that ovalbumin contains 3.1% argi-
nine (14), as compared with 8.7% arginine for
Pr65VqF (5). Since ovalbumin is not known to be
formed from a precursor nor does it appear to
have an N-terminal leader sequence (18), the
shift in electrophoretic mobility most probably
does not reflect an actual change in the size of
the polypeptide. Inclusion of canavanine in
translations programed by mengovirus 35S RNA
led to the accumulation of 155K and 115K poly-
peptides which were not seen in the absence of
canavanine and did not appear to result from
altered cleavage of mengoviral polypeptides
(Murphy and Arlinghaus, unpublished data).
The results of cell-free translation of Mo-

MuLV and Mo-MuSV-124 RNA in the presence
of canavanine and amber suppressor tRNA pro-
vide a third line of evidence for the argument
that canavanine incorporation causes a shift in
polypeptide electrophoretic mobility. From a
previous report (21), the results in this report,
and another study (Murphy and Arlinghaus,
submitted for publication), it seems clear that
there is a suppressible UAG codon at the end of
P639"', which in the Mo-MuSV-124 system al-
lows the synthesis of Pr679a9. In canavanine, a
78K polypeptide is made at the expense of
P6390 Hence, it follows that P63gw and the 78K
polypeptide most probably arise from the same
mRNA and that synthesis of this 78K protein
necessitates the read-through of the UAG codon
at the end of Pr639aR. Thus, if the 78K poly-
peptide synthesized in the presence of canavan-
ine is really a precursor of Pr639w, amber sup-
pressor should have no effect. However, if the
78K polypeptide is an altered Pr63gw, amber
suppressor tRNA should allow an additional
4,000 daltons to be added to the 78K poly-
peptide. Since an 84K polypeptide was observed
to be synthesized in amounts proportional to the
decrease in the 78K polypeptide when canavan-
ine and amber suppressor tRNA were used in
concert, we propose that the 78K polypeptide is
in reality Pr63"ag and that the 84K polypeptide
is Pr67gR.
Taken together, our results now lead us to the

conclusion that although canavanine does pre-
vent the cleavage of Pr651"aR to the core proteins
in infected cells (9, 10), it can also change the
electrophoretic mobility of polypeptides. It is

assumed that the magnitude of this effect will
depend on the arginine content of the individual
polypeptides under study.
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