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A b s t r a c t  

Ten major host-encoded pathogenesis-associated proteins have been found in 
extracts of intercellular sap of cucumber cotyledons infected with tobacco necrosis 
virus. By native and two-dimensional SDS-polyacrylamide gel electrophoresis, five 
major acidic vi/us-elicited proteins have been identified and classified on the basis of 
their molecular mass in three groups: group 1 included one protein of 14 kD; group 
2, one protein of 28 kD and group 3, three proteins of 37-40 kD. Another five virus- 
elicited proteins were basic, and were again classified in three groups: group 1, 
included two proteins of 15-16 kD; group 2, two proteins of 22-23 kD; group 3, one 
protein of 40 kD. 

I n t r o d u c t i o n  

Many plants show a hypersensitive response to virus infection, which often results in 
necrotic local lesions at the primary infection site (Ponz and Bruening 1986). In a 
number of plant species, virus infection is accompained by the synthesis of a set of 
acid-soluble proteins called pathogenesis-related proteins or PRs (Van Loon 1990). 
These products, however, are coded by the host and not by the virus. 

For the f'trst time, these PRs belonging to the group of defense-related proteins, 
have been found in tobacco plants reacting hypersensitively to TMV infection (Van 
Loon and Van Kammen 1970). To date, PRs have been observed in plants belonging 
to different families, e.g. Solanaceae, Fabaceae, Graminae. 

Besides pathogenic micro-organisms, numerous non-infectious treatments have 
also been shown to induce PRs (Asselin et al. 1985), but differences between both 
types of stress stimuli exist with respect to the rates of accumulation and amounts of 
PRs induced. 
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Pathogenesis-related proteins were characterized by their acidic nature (Van Loon 
1976), their resistance to proteases (Van Ix)on 1982), and their extracellular location 
(Parent and Asselin 1984). More recently, however, basic homologues to some of 
acidic PRs have been investigated. In tobacco, these proteins are not secreted into the 
intercellular space of the leaf but accumulate in the vacuoles (Bol et al. 1990) 

As far as we know, to date only one acidic pathogenesis-associated protein have 
been found in infected cucumbers (Andebrhan et  al. 1980, Tas and Peters 1977, 
Wagih et al. 1983, Metraux et  al. 1988). However, there is no report on the 
occurence of another acidic and basic virus-elicited proteins in cucumber. 

In the present work we report the occurence of a new set of extracellularly 
localized acidic and basic proteins in cucumber plants locally infected with virus 
giving necrosis. 

Material and methods 

Cucumber plants (Cucumis  sa t ivus  L. cv. Laura) were grown from seed in a 
temperature-controlled greenhouse (20 - 32 ~ under natural light. At an age of ca. 

7 d, the two primary leaves were dusted using carborundum as an abrasive and then 
rubbed with a foam pad containing a leaf homogenate from cucumber plants infected 
with TNV. Plants treated similarly with a homogenate of uninfected leaves were 
used as controls. 

The intercellular fluid (IF) from virus-infected and control leaves was isolated by 
vacuum infiltration and subsequent extraction. Freshly harvested leaf material (10-50 
g batches) was washed and infiltrated with glass distiled water in vacuo (10 min at 
ca. 2 kPa). After allowing excess water to drip off, the infiltrated leaves were blotted 
dry with filter paper, then carefully rolled into 50 ml centrifuge tubes. The tubes 
contained plastic marbles at the bottom to provide space for the extract. The tubes 
were centrifuged at 1000 g for 20 min. The IF thus obtained was used immediately 
or freeze-dried and stored at -20 ~ Protein concentration in the extracts was 
determined colorimetrically according to Bradford (1976) with bovine serum 
albumin as the standard. 

Discontinuous polyacrylamide gel electrophoresis (PAGE) of acidic proteins was 
performed at 4 oC under native conditions according to Laemmli (1970), with the 
exception that SDS was omitted in all buffers. The sample buffer did not contain 
2-mercaptoethanol. PAGE was performed using 4 % stacking gel and 10 % 
separation gel in tubes (0.5 • 12 cm). Each lane was loaded with equal amounts of 

protein (50 or 100 ~tg) and bromphenol blue as marker. PAGE of basic proteins was 
performed under native conditions according to Reisfeld et al. (1962) but omitting 
the stacking gel and using a 15 % separating gel in tubes. Each tube was loaded with 
the same amount of protein as mentioned above and methyl green as marker. PAGE 
was run at 4 oC for 8 - 10 h under constant current (4 mA per tube). Tube gels were 
stained with Coomassie Brilliant Blue R-250 and destained with a mixture of water: 
acetic acid: methanol (6:1:3, v/v/v) and stored in 7 % acetic acid. 

Two-dimensional (2D) PAGE was carded out on cylindrical gels after native 
PAGE in the f'trst dimension. The cylindrical gels were equilibrated with SDS 
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sample buffer (63 mM Tris-HCl pH 6.8, containing 2 % SDS, 5 % 2- 
mercaptoethanol and 10 % glycerol) in a test tube at room temperature for 45 rain., 
followed by immersion in boiling water for 5 min. The gel pieces were mounted on 
top of a second-dimension 10-15 % (for basic gels) or 12-15 % (for acidic gels) 
gradient gel slab containing 0 .1% SDS, followed by electrophoresis according to 
Laemmli (1970). A protein standard kit (BIO-RAD, SDS-PAGE Standards - LMW) 
was used as MM marker. Staining and destaining of gel slabs were carried out as 
mentioned for native gels. 

Results 

The acidic protein patterns of IF extracts from healthy or 7-d TNV-inoculated 
leaves showed both qualitative and quantitative changes. As compared to extracts 
from healthy leaves, 4 additional protein bands appeared in IF from virus-infected 
leaves (Fig. 1 A) then electrophoresed in the presence of SDS (second dimension) 
revealed five major protein spots (Fig. 2 A), absent in the healthy controls (Fig. 2 B). 
Some minor spots in both infected and control extracts were detectable only by 
visual inspection of the gels. 

Fig. 1. Electrophoretic patterns of acidic (a) and basic (b) IF proteins of cucumber from non-infected 
control leaves 0anes C) and from TNV-infected leaves (lanes INF) after separation by native PAGE. 
Acidic and basic proteins from intercellular fluids were run on 10 % and 15 % polyaerylamide gels, 
respectively. Gels were loaded with 50 ~tg total proteins. The virus-elicited proteins are labelled in 
order of increasing mobility. The position of dye marker is indicated by arrowheads. 

The acidic virus-elicited proteins were consecutively named in order of increasing 
electrophoretic mobility under native conditions. According of increasing molecular 
mass, the acidic proteins were grouped into three groups: group 1, b~ (14.7 kD); 
group 2, d (28.1 kD); group 3, c (37.1 kD), b (38 kD) and a (40.7 kD). Among 
quantitative changes, a spot X was visible with difficulty in gel from healthy control 
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whereas it was visible as a prominent spot in gel from virus-infected leaves (Figs. 2 
A and B). 

Fig. 2. Two-dimensional electrophoretic patterns of (A) acidic virus-elicited proteins from TNV- 
infected cucumber leaves, and (B) a comparable fraction from non-infected control leaves. First 
dimension (horizontal arrow), electrophoresis in 10 % native gels (see. Fig. 1 a); second dimension 
(vertical arrow), 12-15 % gradient SDS-containing gel. The position of the M r markers are 
indicated. The acidic virus-elicited proteins are labelled as described on the text. 

The pattern of  basic proteins revealed five additional spots in the IF of  TNV 
inoculated leaves as compared to healthy controls (Fig. 1 b). Two-dime~sional 
PAGE in the presence of  SDS gave also five major spots (Fig. 3 A), absent in the 
healthy controls (Fig. 3 B) and indicated the M r of  these proteins, relative to markers. 
The basic virus-elicited proteins were grouped as for acidic proteins in three groups: 
group 1, b (15.5 kD) and e (16.5 kD); group 2, d (22.9 kD) and c (23.4 kD); group 3, 
a (40.7 kD). Surprisingly, two additional bands, named Y and Z (estimated M, ca .  

22-24 kD) were visible in healthy control (Fig. 3 B), but fully absent in the IF of  
virus-inoculated leaves (Fig. 3 A). 

Discussion 

By two-dimensional PAGE at least ten major virus-inducible proteins have been 
detected in the intercellular fluids from cucumber leaves reacting hypersensitively to 
TNV. 
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Five out of the ten virus-elicited proteins are acidic. A number of studies have 
shown that specific host-encoded proteins (probably PRs) accumulated in both 
infected and osmotically stressed cucumber cotyledons (Andebrhan et  al. 12980, Tas 
and Peters 1977, Gessler and Kuc' 1982) and in the true leaves of cucumber infected 
with phytopathogens (Gessler and Kuc' 1982). More recently Metranx et  al. (1988) 
have identified a 28 000 PR-protein in cucumber leaves, but their PR-protein was 
somewhat larger than those previously reported in cotyledons (22 kD, Gessler and 
Kuc' 1982) and in leaves (16 kD, Wagih et  al. 1983) of cucumber. It is difficult to 
say whether the protein identified by different authors is the same protein or not. We 
surmise an existence of a set of proteins what was confirmed by the two findings. On 
the one hand, whereas 22 000 and 16 000 proteins were only detected locally, a 
28 000 protein was detected as far as five leaves away from the site of infection. On 
the other hand, none of previously identified acidic cucumber pathogenesis- 
associated proteins had a counterpart in a set of proteins detected in our work. There 
is only one exception. Metraux et  al. (1988) also found that their PR-protein (28 kD) 
is a chitinase. In preliminary study on function of purified acidic virus-elicited 
proteins of cucumber we also confirmed that the protein designated as d (Fig. 2 A) 
had chitinolytic activity. Therefore, we suggest that it is the same or closely related 
(chitinase isozyme) protein. 

Fig. 3. Two-dimensional electrophoretic patterns of (A) basic virus-elicited proteins from TNV- 
infected cucumber leaves, and (B) a comparable fraction from non-infected control leaves. First 
dimension (horizontal arrow), electrophoresis in 15 % native gels (see Fig. 1 b); second dimension 
(vertical arrow), 10-15 % gradient SDS-contalning gel. The position of the Mr markers are 
indicated. The basic virus-elicited proteins are labelled as described on the text. 
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The converse also could be true. A great number of  acidic PR-proteins as a 
response to nectrotic viral infections have been found in different plants. This may be 
due to difference either in experimental procedure employed or plant cultivar used. 
As already reported for tobacco (Parent and Asselin 1984) the extraction by IF 
method or purification allowed to obtain a greater number of PR-proteins than 
conventional extraction, e.g. by acidic Mcllvaine buffer (pH 2.8). 

Five major virus-elicited proteins of  cucumber were basic. As far as we know 
there is no literature report about identification of  a basic set of  proteins elicited by 
pathogenesis or other forms of  stress in cucumber. To date, basic PR-proteins have 
been described only for a few plant species (e.g. tobacco, tomato, potato and 
soybean). 

At the present we do not know whether new acidic and basic virus-elicited 
proteins just  identified in our work belong to the group of  PR-proteins. Antoniw et 
al. (1980) proposed to call PR-protein those host-encoded proteins induced only in 
pathological or related situation (for the nomenclature see Van Loon 1990). Recently 
we have found that at least some of  our proteins share a common properties with PR- 
proteins (e.g. range of  MM, chitinase and 13-1,3-glucanase activity etc.). The need of  
further studies of  biochemical, serological and functional properties new identified 
virus-elicited proteins with the well characterized PR-proteins could be very useful. 
These works are now in progress. 
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