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Summary. - T h e  sequence  of  380 nucleot ides  ups t r eam of  t h e  start 
c o d o n  of  t h e  o p e n  reading f r a m e  (ORF)  of  t h e  coat  prote in  of  t h e  
carlavirus Helenium virus (HelVS) was  de te rmined  f r o m  c loned 
c D N A .  Th i s  por t ion  of  t h e  viral R N A  contained o n e  comple te  O R F  
encoding a prote in  of  7 K which  h a d  homology  wi th  similar sized 
prote ins  f r o m  o the r  m e m b e r s  of  t h e  carla- and  potexvirus groups.  
Sequence  data  was  also obta ined  be yond  t h e  start c o d o n  of  t h e  7 K 
O R F  in to  wha t  was  p r e s u m e d  t o  b e  t h e  12 K prote in  gene  o f  t h e  
previously identified triple g e n e  block o f  carla- a n d  potexviruses.  
Significant sequence  similarity of  46.3 % a n d  41.6 % was  evident  a t  
t h e  a m i n o  acid level wi th  t h e  equivalent  regions of  t h e  12 K prote ins  
of  pota to  virus S, A n d e a n  strain (PVS A )  a n d  po ta to  virus M (PVM),  
respectively, wi th  25 .4% similarity detected wi th  t h e  equivalent  
region of  po ta to  virus X (PVX). 
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HelVS belongs  t o  t h e  carlavirus g roup  of  p lant  viruses (Wet ter  a n d  Milne ,  
1981). I t  ha s  b e e n  s h o w n  t o  have  a single s t randed positive sense  genomic  R N A  
molecule,  7.4 k b  in size, which  is encapsidated in  a 31  K coat  prote in  t o  p roduce  
f lexuous  rod-shaped particles (Kuschi  et al., 1978)/As wi th  s o m e  o the r  m e m b e r s  
of  t h e  carlavirus group,  in  addit ion t o  ful l  genomic  650 n m  viral particles smaller 
f ragments ,  320 n m  a n d  180 n m  size have  b e e n  detected at a low concentra t ion 
(Foster  and  Mills, 1990a). I t  is t hough t  tha t  t hese  smaller f r agments  a re  
encapsidated subgenomic  R N A s ,  t h e  larger containing a 3.3 k b  a n d  t h e  smaller 
containing a 1.5 k b  R N A  molecule .  T h e  1.5 k b  R N A  molecule  is a n  efficient 
message  for  coat prote in  synthesis  in vitro (Foster  a n d  Mills, 1990a). T h e  3 '  
coding region o f  several m e m b e r s  o f  t h e  group  such  as  P V M  (Rupasov  et al., 
1989), P V S A  (MacKenzie  et al., 1989), a n d  lily symptomless  virus (LSV) 
(Memel ink  et al., 1990), have  b e e n  recently de te rmined  revealing a triple g e n e  
prote in  block of  25 K ,  12 K a n d  7 K ups t ream f r o m  t h e  coat prote in  o p e n  reading 
f r ame .  A similar gene  block h a s  b e e n  identif ied i n  t h e  potexvirus P V X  ( H u i s m a n  
et al., 1988). 
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This  short communication will analyse the  nucleotide sequence immediately 
upstream from the HelVS coat protein gene which has previously been reported 
(Foster et al., 1990), compare the deduced amino acid sequence of  these regions 
with those o f  carla- and potexviruses, and, finally, will raise s o m e  questions 
regarding the m o d e  of  expression of  the viral subgenomic RNAs, in particular 
coat protein subgenomic RNAs. 

T w o  clones, pHEL19 and pHEL23, were  available for  analysis, both of  which 
were  constructed following double stranded cDNA synthesis of  HelVS RNA 
and ligation into Smal digested vector pUC13. T h e  two clones were  selected b y  
immunoscreening using HelVS polyclonal antiserum for  their ability to express 
the HelVS coat protein presumably f u s e d  to the alpha peptide of  the  lacZ gene 
after induction of  the  lacl promoter using IPTG. Restriction enzyme analysis 
revealed insert sizes of  1.4 k b  and 1.6 k b  for  pHEL19 and pHEL23, respectively. 
It was  determined that the difference in nucleotide length was  at the 5' end due 
to the detection of  a polyA tail in both clones (Foster and Mills, 1992). Both 
insert fragments were  subcloned f rom pUC13 into Sací, Hindlll digested vector 
pBluescript SK+ (Stratagene) for  sequence analysis and generation of  RNA 
transcripts. W h e n  the pHEL19 clone was  sequenced it was  shown to contain the 
entire HelVS coat protein ORF with a downstream 12.6 K protein gene (Foster et 
al., 1990), but  one  aspect of  the clone was  of  interest in respect to its expression 
after its induction with IPTG. Between the initiating methionine of  the viral coat 
protein and the initiating methionine of  the  lacZ o f  the vector two stop codons 
could b e  detected. Indeed, stop codons were  present in all three reading f rames  
between the two methionines thus raising the question as to how the coat 
protein ORF was  being efficiently expressed in E. coli as  it w a s  clearly not  using 
the Shine-Dalgarno sequence and initiating methionine of  the  lacZ protein. 
W h e n  the nucleotide sequence upstream f rom  the  coat protein w a s  examined 
more  closely a potential r ibosome binding site (RBS) was  identified based 
around the sequence CCTTTAGGTTTA,  as  previously reported b y  Foster and 
Mills (1991). This  RBS present in pHEL19 may b e  binding to the 3'-terminal 
region of  the 16 S rRNA of  E. coli allowing subsequent  initiation and elongation 
f rom the same methionine of  the coat protein ORF. In the case of  pHEL23 the 
evidence for  internal r ibosome binding w a s  perhaps stronger as pHel23 contai­
n e d  m o r e  sequence  ex tended  5'  t o  t h e  A T G  of  t h e  coat  protein O R F .  Indeed ,  
e n o u g h  sequence  was  present  t o  encode  a n  entire O R F ,  t h e  7 K O R F  which  has  
previously b e e n  identified ups t ream f r o m  t h e  coat protein O R F .  In  order  t o  obtain  t h e  nucleot ide sequence  t o  t h e  5 '  ups t ream region of  t h e  
coat  protein O R F  t h e  pHEL23  clone was sequenced  using t h e  dideoxynucleo-
t ide  terminat ion m e t h o d  of  Sanger  et al. (1977), and  compiled using t h e  
compu te r  program D N A S I S  (Pharmacia).  Sequence  data obta ined ex tended  
a b o u t  380 nucleot ides ups t ream f r o m  t h e  A T G  of  t h e  coat  protein gene  (Fig. 1). 
Within  this  region o n e  comple te  O R F  was identified to  t h e  5'region of  t h e  coat 
protein gene,  consisting of  183 nucleotides,  with t h e  deduced  pept ide containing 
61 a m i n o  acids, equivalent  t o  a molecular  m a s s  of  6723.64 (7 K). 
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CCAAGGAAATTAAACTCGATTGAGGGTAACTGTCGCAAGTACCATCAACCGTGGGCTTACGTG 
P R K L N  S I E G N C R K Y H Q  P W A Y V  

100 

ATTGGAATCTCACTCTTGGTCCTAATTTTGAGCTTGTGGGATAGCCGCAGAGTGTGTAGTTGT 
I G I S L L V L I L S L W D S R R V C S C  

150 

GtíTCGGCGTCATTAATGTCAAACGAACTTTTGCTAATAGCATTATTAGCAATTCTGGGTTCA 
G R R H * • 

M S N E L L L I A L L A I L G S  
2 0 0  250 

ATTGTCTGGCTATTAACTAATCAACAAGAGCAGTGCGTAGTTCTTATCACAGGGGAATCGGTC 
I V W L L T N Q Q E Q C V V L I T G E S V  

3 0 0  

CGAATAGTGTCTTGCAAGTTCACCCCTGAATTCATTGAGTACGCAAAAGCTCTCAAACCAGCA 
R I V S C K F T P E F I E Y A K A L K P A  

350 

AACTCGTGTTGAGCCTTTTAGGTTTACACGGCAGAAGATTGTATACAGAAGAAGGTAACAC 
N S C * 

3 8 1  
AAAATG 

Fig. 1 
T h e  nuc leot ide  s e q u e n c e  corresponding  t o  t h e  7 K g e n e  a n d  u p s t r e a m  partial 12 K g e n e  o f  H e l V S  
T h e  D N A  s e q u e n c e  i s  s h o w n  as t h e  equ iva lent  o f  t h e  viral p l u s  strand a n d  t h e  a m i n o  acid s e q u e n c e  
is presented  b e l o w  t h e  nuc leot ide  sequence.  Terminat ion  c o d o n s  are indicated as (*). T h e  initiation 
c o d o n  o f  t h e  H e l V S  coat prote in  i s  u n d e r l i n e d  w i t h  a b o l d  l ine.  Nuc leot ides  t h o u g h t  t o  b e  i n v o l v e d  
i n  base  pairing i n  H e l V S  are u n d e r l i n e d  w i t h  a hatched  l ine.  

T h e  predicted amino acid sequence  o f  t h e  H e l V S  7 K peptide w a s  compared 
with equivalent peptides o f  other carla-and potexviruses.  A m i n o  acid homolo ­
gies a re  given i n  Fig.  2, w i th  30.8 % a n d  31.8 % similarity a t  t h e  a m i n o  acid level 
w i t h  t h e  7 K pept ides  o f  t h e  carlaviruses P V S A  a n d  P V M ,  respectively (MacKen-
z ie  et al., 1989; R u p a s o v  et al., 1989). A slightly lower  t h o u g h  a significant 
h o m o l o g y  o f  28.6 % w a s  de tec ted  w i t h  t h e  equiva lent  pep t ide  o f  t h e  potexvirus ,  
P V X  ( H u i s m a n  et al., 1988). 

S e q u e n c e  da t a  ob ta ined  e x t e n d e d  b e y o n d  t h e  start  c o d o n  o f  t h e  7 K O R F  i n t o  
w h a t  w a s  p r e s u m e d  t o  b e  t h e  12 K p ro te in  g e n e  o f  t h e  previously ident i f ied  tr iple 
g e n e  block o f  carla- a n d  potexviruses.  T h i s  s e q u e n c e  e x t e n d e d  141 nuc leo t ides  
t o  t h e  5 '  s ide o f  t h e  7 K g e n e  A T G  start  c o d o n  wi th  a d e d u c e d  partial  pep t ide  
conta in ing  47 a m i n o  acids p re sumab ly  cor responding  t o  t h e  C- te rmina l  reg ion  o f  
t h e  H e l V S  12 K pro te in .  T h i s  s e q u e n c e  w a s  c o m p a r e d  wi th  t h e  pred ic ted  
C- terminal  regions  o f  equivalent  pep t ides  f r o m  o t h e r  carla- a n d  potexvi ruses  
(Fig. 3). Significant s e q u e n c e  similarity o f  46.3 % a n d  41.6 % w a s  ev iden t  a t  t h e  



526 SHORT COMMUNICATIONS 

amino acid level with the  equivalent regions o f  the  12 K proteins o f  P V S A  and 
P V M ,  respectively, with 25.4 % similarity detected with the  equivalent region o f  
P V X .  

W h i l s t  the  function o f  these  proteins remains  unknown at this  stage, all 7 K 
and 8 K proteins that h a v e  b e e n  sequenced t o  date contain blocks o f  hydropho­
b ic  a m i n o  acids c o m m o n  t o  m e m b r a n e  spann ing  domains .  It h a s  b e e n  suggested 
tha t  t h e s e  d o m a i n s  m a y  interact  wi th  t h e  p l a smodesma ta  the reby  facilitating 
cell-to-cell m o v e m e n t .  T h e  7 K pro te in  m a y  act  individually o r  as  a complex  wi th  
o t h e r  prote ins ,  wi th  a high degree  o f  variat ion a t  t h e  N -  a n d  C- te rmini  implicated 
in  h o s t  specificity. 

Analysis  o f  t h e s e  c lones  revealed tha t  t h e  coa t  p ro te in  o f  H e l V S  was  n o t  on ly  
be ing  p roduced  in  a prokaryot ic  sys tem f r o m  a c lone  wi th  s top  c o d o n s  b e t w e e n  
t h e  A T G  o f  t h e  coat  p ro te in  a n d  t h e  A T G  o f  t h e  vector  i n  t h e  case  of  pHEL19 ,  
b u t  also f r o m  a c lone  wi th  a comple t e  O R F  b e t w e e n  t h e s e  t w o  initiating 
m e t h i o n i n e s  in pHEL23 .  T h i s  f ind ings  suggested tha t  s o m e  f o r m  o f  in ternal  
r i b o s o m e  ent ry  was  occur ing  in t h e  u p s t r e a m  region f r o m  t h e  coa t  p ro te in  O R F ,  
a t  least  in a prokaryotic  sys tem.  T o  tes t  w h e t h e r  coat  p ro te in  could  b e  p r o d u c e d  
f r o m  th i s  in terna l  O R F  f r o m  th is  c lone  i n  a n  eukaryot ic  sys tem,  t h e  inser t  w a s  

H e l V S  1 2 K  
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PVM 1 2 K  
PVX 1 2 K  
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Fig. 2 
Alignment o f  a portion o f  the  amino acid sequence  o f  the  He lVS  O R F  upstream o f  the  7 K protein 

with the 12 K sized proteins o f  PVS, PVM, P VX 
Gaps ( - )  have been  introduced for max imum alignment. 
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Fig. 3 
A l i g n m e n t  o f  t h e  7 K prote in  a m i n o  acid s e q u e n c e  o f  H e l V S  w i t h  t h e  equ iva lent  O R F s  f r o m  PVS, 

P V M  a n d  P V X  

subcloned into Bluescript (Stratagene), allowing  in vitro generated R N A  transc­
ripts f r o m  t h e  clone t o  b e  produced ,  a s  previously described b y  Fos te r  a n d  Mills 
(19906). W h e n  R N A  transcripts w e r e  generated f r o m  pHEL19  a n d  pHEL23  a n d  
translated  in vitro b o t h  i n  w h e a t  g e r m  a n d  rabbit  reticulocyte lysate systems, h igh 
levels of  coat  prote in  w e r e  equally p roduced  f r o m  b o t h  clones (results n o t  
presented).  

I t  ha s  b e e n  observed tha t  t h e  immedia te  ups t r eam non-coding region of  t h e  
He lVS  coat prote in  g e n e  h a s  a canonical Shine-Dalgarno sequence  (Foster  a n d  
Mills, 1991). Such  sequences  a re  t hough t  t o  b e  involved i n  prokaryotic r ibosome 
binding d u e  t o  base  pair complementar i ty  wi th  a pyrimidine rich sequence  n e a r  
t h e  3 '  e n d  of  t h e  16 S r R N A .  T h e s e  conserved homologous  blocks have  b e e n  
observed th roughou t  t h e  carlavirus group  ups t ream f r o m  t h e  coat  prote in  a n d  
triple gene  block O R F s  (Foster  a n d  Mills, 1991). Nucleot ides  t hough t  t o  b e  
involved in  base  pairing in  He lVS  are under l ined  wi th  a ha tched  l ine in  Fig. 1. A t  
present  it is unclear  w h y  prokaryotic RBS  shou ld  b e  present  ups t r eam f r o m  t h e  
A T G  of  a viral R N A  f r o m  a n  eukaryotic hos t ,  b u t  in vivo prokaryotic a n d  in vitro 
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eukaryotic expression results  suggest  that s o m e  f o r m  o f  internal r ibosome 
binding and subsequent  initiation o f  translation is  occurring in the  upstream 
non-coding region o f  the  carlavirus coat protein. 
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