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and elongation from the same methionine of the coat protein ORF. thus
producing identical molecular weight products in Western blot analysis.

In vitro translation of pBSHell9

Clone pHell9 was digested with Hindlll and EcoRI and the purified fragment,
containing the coat protein gene. 12.6 K gene and all of the 3"-noncoding region.
was inserted into the Hindlll and EcoRl sites of Bluescript(pSK-) vector. This
clone, designated pBSHell9. allowed a viral sense transcript to be produced
from the T7 RNA polymerase promoter (Fig. 4). The polypeptide translated
from pBSHell9 comigrated in polyacrylamide gels with the 33 K coat protein
from purified virus particles and was specifically immunoprecipitated by antise-
rum raised against HelVS virus particles (Fig. 5). '

High levels of coat protein were synthesized from this uncapped RNA
transcript even when levels of transcript were compensated to the low levels of
coat protein subgenomic RNA within viral RNA (Foster and Mills. 19904) thus
suggesting that this subgenomic RNA is a highly efficent message when
translated in virro in a rabbit reticulocyte lysate system. This is similar to the
results previously reported by Foster and Mills (1990¢) for an ordinary strain of
potato virus S.

Expression of HelVS coat protein in transgenic tobacco

To further investigate the clone containing the coat protein ORF of HelVS.
which was translated efficiently in E. coli and in virro in rabbit reticulocyte even
though several termination codons were present between the 5 terminus and
the initiating methionine. the construct was engineered into tobacco.

The insert from pHell9 was subcloned into the plant transformation vector
pROK2 behind the CaMV33S promoter, giving the construct pROK-Hell9 (Fig.
6). This was then transformed into tobacco by Agrobacrerium mediated transfor
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Fig. 6
The construct pROK-HEI19 showing the position of pHell9 within ROK2. and the ORFs of HelV'S
as determined by sequence analysis
The position of the ATG of the coat protein is indicated. NOS term. nopaline synthase polyadenyla-
tion site NOS-PRO. nopaline synthase gene promoter: NPTIL neomycin phosphotransferase-11
coding sequence from Tn3: LB and RB with flags indicate the positions of the left and right hand
borders of the T-DNA repeats.
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methionines of the /acZ fusion protein and the coat protein ORF. However.
when the intervening sequence was more closely examined a potential Shine-
Dalgarno RBS was evident which was highly homologous among a number of
carlaviruses (Foster and Mills, 19916). This RBS may interact with the 3
terminus of the prokaryotic ribosome allowing initiation and elongation. When
this clone, containing the coat protein ORF was expressed in the eukarvotic
rabbit reticulocyte translation system. high levels of translation were evident in
the absence of a 5’ cap structure and with stop codons in all three reading frames
between the 5’ terminus and the initiating methionine of the coat protein ORF.
Therefore, the Shine-Dalgarno sequence upstream from the coat protein methi-
onine may well be acting in this eukarvotic system to place the initiating
methionine in perfect context for initiation and subsequent elongation. A simi-
lar situation of internal initiation has already been reported for the animal
picornaviruses (Jackson er al., 1990). Translation initiation on picornavirus RNA
occurs by the ribosomes binding directly to an internal site rather scanning from
the 5’-end of the RNA. This mode of translation is cap-independent. thus the
uncapped picornavirus RNAs are able to translate efficiently which is similar to
the situation reported here for HelVS and previously for potato virus S (Foster
and Mills, 1990a).

Results obtained in planta suggests that this unit is a highly efficient message
for the production of Helenium virus S coat protein. When the cDNA was
expressed via the constitutive CaMV35S promoter in transformed tobacco
plants, high levels (up to 0.5 % of total SDS-soluble protein) of coat protein were
detected by Western blot analysis.

These results demonstrate that it is possible to clone and express high levels of
the coat protein genes of carlaviruses in transgenic plants. It may be possible to
use this information to create plants resistant to carlaviruses via the phenome-
non of coat protein mediated protection. This was first described by Powell-Abel
et al. (1986) in which tobacco transformed with and expressing the coat protein
gene of tobacco mosaic virus (TMV) displaved reduced and delayed symptom
production when challenged with TMV virus. This form of cross protection has
now been extended to a wide range of viruses including alfalfa mosaic virus.
tobacco streak virus, cucumber mosaic virus and potato virus X (review.
Gandani et al.. 1990).
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