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The genome Iinked protein VPg covalently linked to the RNAs of grapevine fanleaf nepovitus has been sequenced. The VPg (M, =2931) composed 
of 24 residues is linked by its N-terminal Ser P-OH group to the viral RNAs. The VPg mapped from residues 1218 to 1241 of the 253K polyprotein 

encoded by GFLV RNA 1. 
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1. INTRODUCTION 

The genome of grapevine fanleaf nepovirus (GFLV) 
consists of two messenger-sense RNA [l] of 7342 
nucleotides for RNA1 (Ritzenthaler, C., personal com- 
munication) and 3774 nucleotides for RNA2 [2], 
translated into large primary translation products 
(polyproteins) of 253K and 122K, respectively, which 
are processed in functional proteins by proteolytic 
cleavage. The two genomic RNA and the satellite RNA 
in the F13 isolate of GFLV are characterized by a 
3’-terminal poly(A) tail and a small viral protein, 
denoted VPg, is assumed to be covalently attached to 
the 5 ’ terminal nucleotide of each RNA species [3]. The 
viral RNA of nepoviruses, comoviruses and other 
viruses of the superfamily of the picorna-like viruses 
share similar properties [4]. For nepoviruses the se- 
quences of VPg and its mapping in the genome are 
unknown. For comoviruses which have a genomic 
organisation similar to the nepoviruses the sequence of 
the VPg of CPMV and its linkage by a phosphodiester 
bond between a serine and the 5’ terminal uridylate of 
CPMV RNA have been extensively studied [5,6]. 

The VPg and the coat protein are the two structural 
proteins which can be purified from the virus and for 
which amino acid sequence data can be obtained from 
microsequencing. This information allows the iden- 
tification of the proteolytic cleavage sites in the 
polyprotcin and their mapping on the viral genome. We 
have so far identified the proteolytic cleavage at’ R/G 
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for the coat protein gene of GFLV and located the CP 
gene on RNA2 [2]. Here we report the complete amino 
acid sequence of the VPg from GFLV and the mapping 
of VPg on the polyprotein encoded by RNAl. 

2. MATERIALS AND METHODS 

2.1. Virus extraction and RNA purifica(ion 
The F13 isolate of GFLV was propagated on Chenopodium quinoa 

and virus was extracted from systemically infected leaves 15 days after 
infection. Virus particles were purified as described previously [3] ex- 
cept that after two ultracentrifugation steps the virus was purified 
through a 5-50% linear sucrose gradient in 10mM sodium 
phosphate, 1 mM EDTA. pH 7.0 buffet for 5 h at 27000 rpm in a 
SW27 rotor Beckman instead of sedimentation through a 20% 
sucrose cushion. The vital RNA was prepared by the phenol-SDS pro- 
cedure from the gradient fractions corresponding to the bottom com- 
ponent, collected and sedimented by ultracentrifugation. The 
purification of RNA was achieved by precipitation of the RNA from 
the aqueous layer by 2 M LiCl at 0°C. The RNA was pelleted, dissolv- 
ed in sterile water, again precipitated with 2 M LiCl and finally 
ethanol precipitated in the presence of 0.1 M NaCI. 

2.2. VPg preparalion for microsequencing 
Two methods were used to hydrolyse the RNA linked to VPg, (I) 

GFLV RNA (370 cg) was hydtolysed in 100 al of 20070 trifluoroacetic 
acid (TFA) for 48 h at room temperature, (2) the same amount of 
RNA was digested with RNase TI (0.1 U/fig) for 30 min incubation 
at room temperature according to [7]. The hydtolysed material was 
ditcctly subjected to sequencing. 

2.3. Sequence analysis of VPg p:oIein 
The VPg was zntitcly sequenced by automated Edman’s dcgtada- 

tion using an Applied Biosystems 470A protein sequencer equipped 
with a PTH 120A analyset (81. Corboxypeptidase A from Boehtinger 
(Mannheim, Germany) was used to confirm the C-terminal sequence 
of VPg. The digestion of VPg, obtained from 350rg RNA and 
estimated to 0.6pg of protein, was performed al 37’C for 5 h in 
NH.tHCO, 50 mM, diisopropylfluotophosphatc (DIFP) 10m4 M, pH 
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8 buffer. The enzyme/protein ratio was 1:30. Analysis of the amino 
acids released by this treatment was performed with a 42OA-13OA 
derivatisation and anai)ais system (Applied Biosystems, USA). The 
possible presence of phosphoserine was checked by the method using 
ethanethioi to convert phosphoserine into S~thy~cysteine 191. 

3. RESULTS AND DISCUSSION 

As determined for the other picorna-like viruses [4] it 
is expected that VPg is linked to GFLV RNAs by a 
phosphodiester bond. Two different approaches were 
used to cleave the RNA from VPg which yieId either 
VPg linked to the ultimate 5 ‘-end nucleotide after TFA 
hydrolysis or to a short oligonucleotide after RNase Tl 
digestion of the viral RNAs (VPg-AUG for RNA1 and 
2 and VPg-UAUG for the satellite RNA as deduced 
from their 5 ’ terminal sequence [I ,2, lo]). In a first at- 
tempt the complex VPg-viral RNA was subjected to the 
hydrolysis in TFA 20% as described above. Under these 
conditions no cleavage occurred within the polypeptide 
chain of VPg, the RNA however was almost cut off in 
its nucleotides or oligonucleotides as observed on a 
20% po~yacry~amide sequencing gel upon analysis of 
labelled RNA. As to the VPg we could establish unam- 
biguously its sequence: 

1 10 20 24 
SEPRLEERYSPRNRFVSRI SKI RG 

The C-terminal residue Gly was confirmed by digestion 
with carboxypeptidase A which liberated only a Gly 
residue. Furthermore the targets of a possible 
phosphodiester linkage with the RNA? namely one Tyr 
and 4 Ser residues, are characterized during the sequen- 
cing as free of any additional nucleotide or phosphate. 
Thus so far the 3 GFLV RNAs couId be iodinated [3], 
indicating, since the Tyr residues are preferentially 
labe~led with the method used [llj, that the only Tyr 
residue of VPg is not involved in the linkage to the viral 
RNA. As to the Ser residues, the cleavage of the RNA 
with 20% TFA could have generated a phosphoserine- 
containing VPg, which obviously yields the 
dithiothreito~ (DTT) adduct of PTH-Ser upon Edman 
degradation as mentioned in [9], Thus no identifiable 

PTH derivatives of phosphoserine can be obtained by 
seqaencing. To overcome this difficuhy Meyer et al. [9] 
described a method converting quantitatively 
phosphoserine into S-ethyIcysteine by ~-eIimination 
and subsequent addition of ethanethiol just before se- 
quencing. This derivative is detectable on an Applied 
Biosystems gas-phase sequencer. As to VPg, there was 
no phosphoserine within the sequence at all, it seems 
that 2O(rla TFA would cut off the phosphodiester bond 
as well. 

Therefore, in a second experiment the complex ‘VPg- 
RNA was digested with RNase Tl. Indeed RNase Tl 
should generate VPg linked to AUG and/or UAUG and 
the conditions used for this cleavage should be miIder 
than those of a 20070 TFA cleavage. This might allow 
the identification of the residue involved in the 
phosphodiester bond between VPg and viral RNA. 
Again we were able to determine the whole sequence of 
VPg from residue Glu at position 2 until the C-terminal 
residue Gly at position 24. However the first N-terminal 
residue Ser could not be identified: indeed there is a 
blank at the first sequencing step which strongly sug- 
gests that Ser at position 1 is still modified after diges- 
tion of the VPg-RNA complex with RNase Tl. Thus 
this result favourably supports the fact that viral RNA 
is bound to N-terminal Ser of VPg, all other possibIe 
targets being recovered unmodified in the automated 
sequential Edman’s degradation. 

All these data seem to indicate that VPg protein is 
likely to be linked to the viral RNA through its N- 
terminal Ser by a phosphodiester bond. We also could 
establish its primary structure by microsequencing of 
about 20 pm01 protein. This sequence corresponds to 
the protein between residues 1218 and 1241 of the 
253 kDa polyprotein encoded by RNA1 (Fig. I). Its ap- 
pears that VPg (Mr = 2931) is matured from the 
polyprotein by the cut of a Cys-Ser bond (1217-1218) at 
its N-terminal part and by the cleavage of a Gly-Glu 
bond (1241-1242) at its C-terminal end. The proteins 
upstream and downstream of the VPg correspond to 
viral proteins displaying the characteristic signatures of 
NTP-binding protein and of viral protease found in 
comoviruses [ 1,121, 
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Fig. 1. Amino ;xid sequence of GFLV VPg deduced from the scque~~ of the cDNA copy of RNAl. The extent of the VPg scquefrcc is indicatcrl 

by arrows pointing tke clcnv~gc sites in tlrc tS3K polyprotein, Tfrc 253K polyprotcin of 2284 residues is reprcsctttetl in the upper part by B box 
011 HNAI, in which the positions of different viral proteins and VPg arc indica~cd chnwn to rcn;c. 
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