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Abstract-A pathogenesis-related protein, PR-R from virus-infected tobacco leaves, has been compared in immuno- 
logical, electrophoretic and chromatographic properties with the sweet protein thaumatin with which it is believed to 
have - 65% homology of amino acid sequence. PR-R runs faster in PAGE after it has been reduced, and both proteins 
run slower in SDS PAGE when reduced. PR-R and thaumatin eluted from Superose 12. FPLC columns with apparent 
M,s of 14 500 and 12 000 respectively, i.e. 68 and 55% of expected values: following reduction and S-car- 
boxymethylation thaumatin eluted with an apparent M, of 48 000. Neither protein in the native state reacts with 
polyclonal antisera produced against the other protein. Following reduction, cross-reactions can be demonstrated in 
immunoblots. The results implicate the intramolecular disulphide bridges of both proteins in conferring a compact 
configuration on the native proteins, rendering some commdn epitopes inaccessible. 

INTRODUCTION 

An examination of new mRNA species induced during 
the hypersensitive infection of tobacco plants with 
tobacco mosaic virus (TMV), led to the prediction of the 
existence of a virus-induced protein with a striking struc- 
tural resemblance to the sweet tasting protein, thaumatin 
that occurs in the fruit of the West African shrub 
Th&natococcus daniellii (Benth.) Cl]. This protein was 
identified with a pathogenesis-related (PR) protein called 
PR-R in the terminology of Pierpoint [2] which had 
previously been isolated from TMV-infected tobacco 
leaves [3]. PR-R contains, like thaumatin, 16 cysteine 
residues per molecule of estimated M, 23 000. It exists in 
two isoforms; one with an N-terminal sequence of 54 
amino acid residues that is identical to that predicted 
from the induced mRNA, and the other with only two 
amino acid replacements in this sequence. 

The circular dichroism spectra of PR-R resembles that 
of thaumatin [2] and there is a high (65%) degree of 
amino acid sequence homology with thaumatin Cl]. 
However, PR-R differs from thaumatin in a number of 
respects. PR-R is a neutral (PI between 6.2 and 6.8) rather 
than a basic protein and it has no marked sweet taste. 
Moreover it did not react in preliminary immunodiffu- 
sion tests with a polyclonal antibody produced against 
thaumatin. This lack of reaction was surprising, even 
though a major antigenic epitope of thaumatin seems to 
be associated with its sweetness-conferring structure [4]. 
However, we recently observed that the reaction of 
thaumatin with the rabbit antibody could be markedly 
increased in conditions where the disulphide bonds were 
reduced. This increase in reaction was examined more 
closely in an investigation of the immunological relation- 
ship between thaumatin and PR-R. We have also detec- 
ted similarities in the anomalous chromatographic be- 

haviour of the two proteins which probably reflect struc- 
tural similarities dependent on their high content of 
intramolecular disulphide bonds, 

RESULTS AND DISCUSSION 

Behaviour of the proteins on permeation chromatography 

Thaumatin and PR-R are single polypeptide chains of 
207 and 203 amino acids and calculated M,‘s of 22 209 [S] 
and 21596 [l] respectively; all the cysteine residues of 
thaumatin are cross-linked and the cd spectrum of PR-R 
suggests that most, if not all of its cysteine residues are 
cross-linked. The high degree of disulphide ‘scaffolding’ 
confers a compact configuration on the molecules. PR-R 
and thaumatin eluted from a Superose 12 gel permeation 
FPLC column with apparent M,‘s of 14 500 and 12 000 
respectively (14 598 2 639; 11900 + 737). These values are 
68 and 55% of expected values. Evidence that the re- 
tarded elution of thaumatin from the gel permeation 
column depends on the configuration conferred by the 
disulphide bonds was obtained from the effect of reducing 
and carboxymethylating the SH groups with iodoacetate. 
The main product of this treatment migrated as if its 
molecular weight was four times larger (47 738 f 1841) 
than the apparent M, of unmodified thaumatin. It is 
presumably, a looser and partly uncoiled structure that 
now gives this material a M, higher than expected. A 
minor (- 18%) product of the carboxymethylation eluted 
as if it were over a million (1 368 225 _+ 17 370); it is 
probably polymeric material in which incompletely alkyl- 
ated thaumatin molecules are linked by intermolecular 
disulphide bonds. 

Seven other PR-proteins exhibit large discrepancies 
between apparent M,‘s derived from SDS PAGE and 

3817 









Similarities of thaumatin and PR-R. 3821 

linked with 0.2% N,N-methylene-bisacrylamide (MEB) which 
was overlaid with a stacking gel (2.5% w/v polyacrylamide 
0.23% w/v MEB) as described previously [3, 141. They were 
stained with Coomassie Brilliant Blue R250 for 1 hr, destained in 
5% (v/v) HOAc, and scanned at 610 nm. In order to illustrate the 
production, during the reduction of PR-R, of polymeric protein 
too large to enter the resolving gels, the stacking gels were left in 
situ and also scanned; their slight opacity gave a higher base line 
than that of the resolving gels (Fig. 1). 

SDS polyacrylamide gel electrophoresis (SDS PAGE). SDS 
PAGE was performed in slab gels containing 15% polyacrylam- 
ide cross-linked with 0.08% MEB, with a stacking gel (5% w/v 
polyacrylamide, 0.15% MEB). Resolving and stacking gels both 
contained 0.1% SDS (w/v). The gels were stained in Fast Green 
for 30 min and then destained with an aqueous solution of 
MeOH, (45% v/v) and AcOH, (7% v/v). 
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