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The protease encoded by the large (B) RNA segment of cowpea mosaic virus
was tested for its ability to recognize the in vitro translation products of the small
(M) RNA segment from the comoviruses squash mosaic virus, red clover mottle
virus, and cowpea severe mosaic virus (CPsMV, strains Dg and Ark), and from
the nepovirus tomato black ring virus. Like M RNA from cowpea mosaic virus,
the M RNAs from squash mosaic virus, red clover mottle virus, CPsMV-Dg, and
CPsMV-Ark were all translated into two large polypeptides with apparent
molecular weights which were different for each virus and even for the two
CPsMV strains. Neither the in vitro products from squash mosaic virus, red
clover mottle virus, and CPsMV M RNAs nor the in vitro product from tomato
black ring virus RNA-2 were processed by the cowpea mosaic virus-encoded
protease, indicating that the activity of this enzyme is highly specific.

Comoviruses have genomes consisting of a
large (B) and a small (M) RNA segment, which
are separately encapsidated (2, 9, 17). An in-
creasing amount of evidence has been published
that B RNA (molecular weight, 2.02 x 106 [13])
of cowpea mosaic virus (CPMV), the type mem-
ber of the comovirus group, is translated in vivo
into a 200-kilodalton (200 K) polyprotein which
is proteolytically cleaved into at least eight dif-
ferent polypeptides with sizes of 170 K, 110 K,
87 K, 84 K, 60 K, 58 K, 32 K, and 4 K (6, 7, 14).
The 4 K polypeptide represents the genome-
linked protein VPg, attached to the 5' ends of
both B and M RNA (3, 15, 16), and is probably
directly derived from the 60 K polypeptide (6,
18). M RNA [molecular weight, 1.37 x 106 [13])
of CPMV has been shown to encode the two (37
K and 23 K) capsid proteins (designated VP37
and VP23, respectively), but the expression of
this RNA in vivo has not yet been fully elucidat-
ed (4). In both wheat germ extract and rabbit
reticylocyte lysate, M RNA of CPMV is trans-
lated into two overlapping polypeptides of 95 K
and 105 K, which are produced from two initia-
tion sites (4, 7, 11). The 95 K and 105 K in vitro
polypeptides are efficiently cleaved by a prote-
ase encoded by B RNA in vivo, resulting in
polypeptides of 60 K, 58 K, and 48 K (4). Since
the 60 K cleavage product contains the se-
quences of both capsid proteins it has been
proposed that the 95 K or 105 K polypeptides or
both are also produced in vivo, and that the B
RNA-encoded protease plays a key role in the
release of the two capsid proteins from these

polypeptides (4). The studies reported here were
undertaken to determine the specificity of the
CPMV-encoded protease, i.e., whether it is able
to recognize the in vitro translation products of
M RNAs from other comoviruses.
The purification of comovirus RNAs, transla-

tion in wheat germ extract and rabbit reticulo-
cyte lysate, preparation of proteolytically active
extracts from CPMV-infected protoplasts, and
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis have been described (4, 7, 14). The
M RNAs from the comoviruses CPMV (strain
Sb), squash mosaic virus (SqMV; American
Type Culture Collection no. PV-36), red clover
mottle virus (RCMV), cowpea severe mosaic
virus (CPsMV) strains Ark and Dg, and RNA-2
from the nepovirus tomato black ring virus
(TBRV) (strain A) were translated in rabbit
reticulocyte lysate and wheat germ extract, us-
ing [35S]methionine as the radioactive amino
acid. The products obtained were compared by
electrophoresis in 12.5% polyacrylamide gels.
The analyses indicate that translation ofM RNA
into two large polypeptides is a common feature
of comoviruses (Fig. 1 and 2). In the reticulocyte
lysate (Fig. 1) several smaller polypeptides were
also synthesized, but in the wheat germ system
(Fig. 2) the M RNAs from SqMV, CPMV,
RCMV (not shown), CPsMV-Ark (not shown),
and CPsMV-Dg were all exclusively translated
into two large polypeptides with sizes ranging
from 90 K to 110 K. The polypeptide band of
approximately 50 K present in all lanes of Fig. 1
represents an endogenous product of the reticu-
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FIG. 1. Analysis of the in vitro products of various comovirus M RNAs and of TBRV RNA-2. RNAs were
translated in rabbit reticulocyte lysate, using [35S]methionine as the radioactive amino acid, as described
previously (7, 12). Portions of the products were left untreated (-) or added to an equal volume of 30,000 x g
supernatant fraction from CPMV-infected protoplasts (+). This fraction has been shown to contain the B RNA-
encoded protease (for details see reference 4). After 1 h of incubation at 30°C the samples were analyzed in a
12.5% polyacrylamide gel as previously described (10, 14). The molecular weights indicated at the left side of the
gel refer to the position of the marker proteins used, which included myosin (210,000), phosphorylase b (100,000
and 92,500), bovine serum albumin (68,000), ovalbumin (46,000), and carbonic anhydrase (30,000). The TBRV
RNA-2 preparation used contained trace amounts of TBRV RNA-1, resulting in the synthesis of some 220 K
polypeptide (5). The arrows in the gel indicate the proteolytic cleavage products of CPMV M RNA.

locyte lysate batch used and is presumably the
result of a ribosome-independent process (12).
For CPMV it has been shown that the two M
RNA-encoded 95 K and 105 K polypeptides
have overlapping amino acid sequences and are
the result of two initiation sites (4, 11). The
results presented here suggest that two in vitro-
active initiation sites on M RNA are a common
feature of comoviruses. Table 1 summarizes the
average sizes of the M RNA in vitro translation
products from the comoviruses tested, each
calculated from six different translation experi-
ments. No significant differences in size were
found between the products made in reticulo-
cyte lysate and the products made in wheat germ
extract. Hiebert and Purcifull (8) and Beier et al.
(1) calculated slightly different sizes for the
products of SqMV M RNA (i.e., 112 K and 105
K) and CPsMV-Dg M RNA (108 K and 98 K),
using different gel electrophoresis conditions
and different molecular weight markers. To test
whether the protease encoded by B RNA of
CPMV was capable of recognizing the M RNA-
encoded polypeptides from other comoviruses
or the capsid protein-containing 140 K product
of TBRV RNA-2 (5), the various in vitro prod-
ucts were mixed with an equal volume of 30,000

x g supernatant fraction from CPMV-infected
protoplasts and incubated for 1 h at 30°C. This
fraction is known to contain the viral protease
activity (4). After incubation the mixtures were
electrophoresed along with the untreated in vitro
products (cf. Fig. 1 and 2, lanes indicated with +
and -, respectively). It is clear that only the in
vitro products of CPMV M RNA are cleaved by
the CPMV protease, giving the 60 K, 58 K, and

TABLE 1. Polypeptides translated in vitro from M
RNAs of various comoviruses

Virus ~~~~~~~~Polypeptidevirus size' (K)

SqMV 107, 100
CPMV 105, 95
RCMV 102, 96
CPsMV-Dg 100, 93
CPsMV-Ark 95, 91

a Calculated from six different translation experi-
ments. Polypeptides were electrophoresed in 12.5%
polyacrylamide gels, and their sizes were estimated
with [14C]methylated myosin (210 K), phosphorylase b
(100 K and 92.5 K), and bovine serum albumin (68 K)
as size markers.
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FIG. 2. Analysis of the in vitro products of various
comovirus M RNAs and TBRV RNA-2, as obtained in
wheat germ cell-free system. RNAs were translated in
wheat germ extract, using [35S]methionine as the ra-

dioactive amino acid, as described previously (7).
Portions of the translation products obtained were left
untreated (-) or added to an equal volume of 30,000 x
g supernatant fraction of CPMV-infected protoplasts
(+). After 1 h of incubation at 30°C the samples were

analyzed in a 12.5% polyacrylamide gel. The numbers
at the left side refer to the molecular weights of the
marker proteins (see legend of Fig. 1) used. The TBRV
RNA-2 preparation contained trace amounts ofTBRV
RNA-1, which resulted in the synthesis of some 220 K
polypeptide. The arrows in the gel indicate the proteo-
lytic cleavage products of CPMV M RNA.

48 K cleavage products (arrows in Fig. 1 and 2)
described in detail elsewhere (4). Neither the
products from the various other comovirus M
RNAs nor the 140 K TBRV RNA-2 product is
recognized by this protease. With CPsMV-Dg
sometimes a new polypeptide of approximately
87 K was found after incubation with CPMV
protease (cf. Fig. 1 and 2). Since this polypep-
tide was not produced when the CPsMV-Dg in
vitro products were incubated with extract from
CPsMV-infected protoplasts (instead, three
cleavage products were then produced, with
sizes of 58 K, 55 K, and 45 K [results not
shown]), it is probably the result of some fortu-
itous cut by the CPMV protease. Our conclusion
is that the activity of the CPMV-encoded prote-
ase is highly specific and not able to recognize

the primary translation products of M RNAs
from other comoviruses.
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