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Abstract 

Exogenous human interferon 2 (IFN) and 2 ' - 5 '  oligoadenylates (2-5A) have been shown to cause at 
least a dual physiological effect in tobacco and wheat: (i) increased cytokinin activity and (ii)induced 
synthesis of numerous proteins, among which members of two groups of stress proteins have been 
identified, namely pathogenesis-related (PR) and heat shock (HS) proteins. These effects were observed 
only by low concentrations of these substances: IFN at 0.1-1 u/ml and 2-5A at 1-10 nM. 

Introduction 

Interferons are proteins encoded in the genome of 
vertebrates and induced by viruses, double- 
stranded RNAs, and some other agents [36]. In 
the vertebrate tissues, the biological activity of 
IFN manifests itself as antiviral and antiprolifer- 
ative action (suppression of cell growth, modifi- 
cation of cell differentiation, etc.) [5]. These ef- 
fects result from the interaction of IFN with 
special receptors on the surface of the target cells. 
One of the mechanisms of IFN action is based on 
the induction of 2 ' - 5 '  adenylate synthetase, 
which in the presence of double-stranded RNA 
catalyses ATP oligomerization to 2 ' -5 ' -ol igo-  
adenylates (2-5A) possessing an antiviral activ- 
ity of their own [36]. A distinguishing feature of 
IFN is its species specificity: a given IFN is only 

active in the cells of the same species as the one 
from which it has been isolated [34]. Quite un- 
expected in this context has been the report [32] 
that human IFN2 suppresses the reproduction of 
tobacco mosaic virus (TMV) in tobacco plants. 
Subsequently it has been shown that human IFNs 
can also inhibit the accumulation of some other 
plant viruses [16, 30, 41]. As to 2-5A, they were 
also inhibitory to TMV reproduction in plants 
[7]. However, several other groups have failed to 
detect any antiviral activity of human IFN in 
plants [3, 13, 24]. 

Cytokinins have been reported to be capable of 
inducing antiviral resistance and synthesis of 
stress proteins in plants, in particular the ones 
called pathogenesis-related (PR) proteins [1, 15, 
38, 39]. The latter are elicited by infection with 
viruses, viroids, bacteria and fungi, by certain 
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chemicals (e.g. polyacrylic or salicylic acid), and 
under some other stress conditions [39]. Thus 
more than ten PR proteins can be induced in 
tobacco cultivars reacting hypersensitively to 
TMV. PR proteins P and Q have chitinase activ- 
ity whereas PR-2, -N, and -O are 1, 3-glucanases; 
these hydrolytic enzymes may be involved in the 
plant defence reactions and in the breakdown of 
bacterial and fungal cell walls or insect exoskel- 
etons [ 17, 22]. Induction of PR proteins is often 
accompanied by the evolvement of 'acquired an- 
tiviral resistance' in the plants [39]. 

Induction of heat shock (HS) proteins with a 
concomitant reduction in the synthesis of normal 
cell proteins upon a heat shock is a common 
stress reaction of various organisms (for review, 
see [27, 28, 35]). Production of HS proteins 
(HSPs) has also been observed in some other 
stress situations [28]. The most clearly observ- 
able H SPs form the following families differing in 
molecular mass: HSP 90, 70, 60, 20 and 8.5 K 
[27]. One of the probable functions of HSPs is 
protecting the cells from heat shock [18, 27, 28, 
35]. 

Here we demonstrate that IFN and 2-5A 
evoke multiple physiological reactions in plant 
cells, accompanied by enhanced cytokinin activ- 
ity and de novo synthesis of a set of proteins in- 
cluding PR proteins and HSPs. Some aspects of 
this work have been reported as preliminary com- 
munications [ 14, 37]. 

Materials and methods 

Reagents 

Interferon was a preparation of recombinant 
human IFN 2 produced by Escherichia coli cells 
(Minmedmikrobioprom, USSR). 

The mixture of 2 ' - 5 '  oligoadenylates (general 
formula A (pA)n where n is 1 through 5) was 
obtained by treating the product of adenosine 2', 
3' cyclic phosphate polymerization in the pres- 
ence of diphenyl chlorophosphate with enzymes 
that hydrolyze the 3 ' -5 '  internucleotide bonds in 
RNA to leave the phosphate on the 3'-terminal 
residue [26]. 

Plant material 

The experiments were conducted with Nicotiana 
tabacum L. cv. Samsun NN and Samsun. Plants 
were grown in soil under glasshouse conditions. 
Leaves were taken from 10-week-old plants. The 
effects of IFN and 2-5A on protein synthesis in 
plant tissues were studied on wheat cv. Sa- 
ratovskaya 29. The plants were grown in a cli- 
matic chamber (temperature 23 °C, relative hu- 
midity 70~ ,  16h day, illumination 50001ux). 
First leaves of 14-day-old plants were used for 
experiments. 

Cytokinin assay 

To study the influence of IFN and 2-5A on cy- 
tokinin content, tobacco leaves were placed in 
water (control) or IFN and 2-5A solutions and 
incubated for 72 h at 25 ° C. Leaves were homog- 
enized in liquid nitrogen. Cytokinins were ex- 
tracted with 80~o ethanol containing 200 g/ml 
diethyl dithiocarbamate, and purified chromato- 
graphically on Dowex 50W x 8 (4 M NH4OH was 
used for elution). Dried eluates were dissolved in 
ethanol, and applied to Silufol UV-254 plates for 
chromatographic separation of zeatin and zeatin 
riboside. Cytokinins were quantitated with the 
competitive version of the enzyme-linked immu- 
nosorbent assay (ELISA) as previously des- 
cribed [19]. 

Antibodies were raised against a conjugate of 
zeatin riboside with bovine serum albumin. These 
antibodies showed high affinity to trans-zeatin ri- 
bozide and zeatin, and low affinity to dihy- 
drozeatin and isopentenyladenine. 

In vivo protein labeling and extraction 

To study the effects of IFN and 2-5A on protein 
synthesis, tobacco leaf discs (1 cm in diameter) or 
wheat leaf cuttings (2 cm) were incubated in dis- 
tilled water (control) or IFN and 2-5A solutions 
for 18 h at 25 °C (tobacco) or 23 °C (wheat). 
Then leaf samples were incubated for 2.5 h at 



25 °C (tobacco), at 23 °C (wheat) or 40 °C (to- 
bacco and wheat) with IFN or 2-5A. For the last 
2 h the incubation was carried out in the presence 
of [35S]methionine (50 #Ci/ml, sp. act. 18 MBq/ 
mol). Then the samples were washed with a cold 
solution of unlabelled methionine, frozen in liquid 
nitrogen, and kept at -70 °C until protein isola- 
tion. 

For protein isolation, the plant tissue (1 g) was 
ground in liquid nitrogen, transferred in the cold 
into 2 ml of 50 mM Tris-HC1 pH 8.8 containing 
2% SDS, 2% 2-mercaptoethanol, 1 mM phenyl- 
methylsulphonyl fluoride, then mixed with 5 ml 
acetone and kept overnight at -20 ° C. The mix- 
ture was centrifuged and the pellet was washed 
with cold 96% ethanol, ethanol/ether (3:1), ethyl 
ether, and dried overnight at -20 ° C. The residue 
was then dissolved in the isolation buffer with 
heating to 100 °C for 3 min, reprecipitated with 
acetone at -20 °C, and the protein pellet after 
centrifugation was redissolved in the same buffer 
containing 10% glycerol. The samples were as- 
sayed for [35S]-methionine incorporation and 
protein content according to Esen [ 11 ]. 
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Two-dimensional gel analysis 

This was performed as described by O'Farrell 
[29]. Samples for analysis contained 50 to 100 #g 
protein; isoelectric focusing was carried out for 
5200 V.h in rod gels with a pH gradient of 4.5 to 
8.2. In the second dimension, proteins were re- 
solved in gradient (7.5-15 %) polyacrylamide with 
SDS. The gels were fluorographed according to 
Laskey and Mills [21]. 

Extraction of PR proteins 

To obtain a standard PR protein preparation, 
leaves ofN. tabacum cv. Samsun NN were incu- 
bated with TMV (5 #g/ml), 0.1u/ml IFN or 
0.01 #M 2-5A and the plants were kept at 25 °C 
for 5 to 7 days. Then 1 g of tobacco leaf tissue was 
ground in 84 mM sodium citrate pH 2.8 contain- 
ing 14 mM 2-mercaptoethanol and 6 mM sodium 
ascorbate. The homogenate was centrifuged at 
8000 x g for 15 min, and the supernatant was used 
as the crude protein solution. PR proteins were 
salted out with ammonium sulphate (25 % satu- 

Table 1. Influence of  I F N  and 2 - 5 a  on cytokinin content  in tobacco leaves 

Agent  Concn.  Cytokinin content  1 (pmol/g fresh wt.) 

Exp. I Exp. II 

zeatin + zeatin riboside zeatin zeatin riboside 

H 2 0  
I F N  

+ antibodies 2 

2 - 5 A  

8 .4+  0.15 9.5 _+ 0.1 0.06 

100 u /ml  6.5 _+ 0.03 - - 

10 u /ml  10.8 + 0.05 - - 
1 u /ml  29.6 + 0.17 39.2 + 0.03 0.6 
0.1 u /ml  24.5 + 0.12 18.6 + 0.10 0.5 
0.01 u /ml  - 8.6 + 0.02 0.66 

1 u /ml  9.5 + 0.05 - - 
100 n M  - 28.2 +_ 0.35 2.5 + 0.05 

10 n M  34.1 + 0.20 32.1 + 0.10 3.0 + 0.01 
1 n M  18.6 _+ 0.03 20.3 _+ 0.18 6.6 +_ 0.02 

t Cytokinins  were assayed  by a competit ive version o f  E L I S A  [ 19] using serial dilutions of  cytokinins as concentra t ion  s tandards .  

The  data  are averaged for three parallel experiments;  5 -6  leaves f rom different plants  were used  in each experiment.  

2 Antibodies to I F N  were incubated with the I F N  preparat ion (250 ng per unit  o f  I F N )  for 15 min  at 37 °C before treating the 

tobacco leaves. 
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Fig. 1. Synthesis of PR proteins in Samsun NN tobacco 
leaves. Non-denaturing PAGE of proteins soluble at pH 2.8. 
The leaves were incubated with: (a)0.1 u/ml IFN; (b) 10 nM 
2-5A, (c) buffer, or (d) TMV to obtain a standard PR protein 
preparation. The positions are shown for PR proteins accord- 
ing to the nomenclature of van Loon et al. [40]. 

ration); the precipitate was dissolved in 5 mM 
Tris-HC1 pH 8.3 and dialysed against the same 
buffer. 

Determination of PR-1A by ELISA 

The serum raised against purified PR-la  was 
kindly provided by Dr Y. Ohashi. The indirect 
ELISA using immunoglobulin F(ab)2 fragments 
was carried out as described by Barbara and 
Clark [4] and Antoniw et al. [2]. Leaf samples 
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Fig. 2. ELISA, using PR-ta-specific antiserum, of 2-fold se- 
rial dilutions of extracts from untreated (open circles) and 
treated with IFN (half open circles) and 2-5A (closed circles) 
plants. A standard preparation of PR proteins was also in- 
cluded (squares). 

(1 g) were extracted with 4ml  of phosphate- 
buffered saline containing 0.5 ml/1 Tween 20, 
20 g/1 polyvinylpyrrolidone (mol. wt. 44 000), and 
2g/1 ovalbumin. Each sample was assayed in du- 
plicate as eight consecutive two-fold dilutions in 
the same buffer. A standard preparation of PR 
proteins was included in each microtitre plate to 
determine the relative content of PR-la  in the 
samples. 

Results 

Cytokinins in tobacco leaves treated with IFN and 
2 -5A 

Table 1 shows that low IFN concentrations (0.1 
to 1.0 u/ml) considerably increase the cytokinin 

Fig. 3. Induction of proteins by IFN and 2-5A in Samsun NN tobacco. Two-dimensional I E F / S D S - P A G E  analysis of proteins 
synthesized in tobacco leaf discs at normal (25 °C: A, C, E) and heat-shock (40 °C: B, D, F) temperature. Total protein prepa- 
rations were extracted from tissues not treated (A, B) and treated with (C, D) 0.1 u/ml IFN or (E, F) 10 nM 2-5A. The HSPs 
are marked by dots. The spots corresponding to HSPs induced not only by heat shock but also by IFN or 2-5A at normal 
temperature are marked with arrowheads. Arrows show proteins induced by each substance (but not by heat shock). Boxed areas 
indicate the positions of obvious alterations in the protein pattern; LS denotes the large subunit of ribulose bisphosphate carbox- 
ylase. Molecular weights (in thousands) of the protein standards are shown on the right. The positions of PR proteins are tenta- 
tively indicated with arrows and symbols la, lb, lc, 2, P, Q and S in accordance with the nomenclature of van Loon et aI. [40]. 
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content in tobacco leaves. On the other hand, no 
changes in cytokinin content can be observed at 
higher (10 u/ml) and lower (0.01 u/ml) IFN con- 
centrations. Appropriate controls demonstrate 
that IFN activity is completely neutralized with 
antibodies to IFN (Table 1, Exp. I). 

Endogenous cytokinins in tobacco leaves are 
mainly represented by the functionally active free 
cytokinin zeatin; its inactive conjugate - zeatin 
riboside, which is considered a transport form of 
cytokinins - constitutes less than 1 ~o of the total 
in control leaves (Table 1). Upon exposure of 
leaves to IFN the content of zeatin increases two- 
to fourfold (Table 1, Exp. II). The content of 
zeatin riboside also increases but its portion of 
the total cytokinins remains very low. 

It can also be seen in Table 1 that the total 
preparation of 2 -5A enhances the cytokinin 
content in tobacco leaves as well as does IFN. 
Its effect is clearly observed in a broad range of 
low concentrations (1 nM to 0.1 #M). It should 
be noted that dimeric and trimeric 2 -5A 
are inactive in cytokinin induction in tobacco 
(data not shown); hence the above effect must  be 
caused by 2-5A molecules longer than di- or tri- 
mers. 

Effect of human IFN and 2-5A on protein synthe- 
sis in tobacco leaves 

The spectra of proteins revealed by native PAGE 
in Samsun NN plants treated with IFN and 2-5A 
are shown in Fig. la,b. For comparison, similar 
analysis has been performed on healthy plants 
treated with buffer (Fig. lc) and on TMV-infected 
plants (Fig. ld). 

As can be seen, synthesis of P R l a  and PR2 

proteins is induced in tobacco leaves both by 
TMV (Fig. ld), IFN (Fig. la) or 2-5A (Fig. lb). 
In conformity with this, F(ab)2 ELISA demon- 
strates a dramatic increase in the amount of an- 
tigen reacting with PR- 1 a-specific antibodies: 40- 
to 80- fold with 0.1 u/ml IFN and 80- to 100-fold 
with 0.01 #M 2-5A (Fig. 2). 

A more detailed analysis of the proteins in- 
duced in tobacco leaves by exogenous IFN and 
2-5A was carried out by two-dimensional reso- 
lution ( IEF/SDS-PAGE,  Fig. 3). 

Exposure of tobacco leaf discs to a low con- 
centration of IFN (0.1 u/ml) for 24 h at normal 
temperature (25 °C) considerably alters the pro- 
tein pattern (Fig. 3C) as compared with the con- 
trol (Fig. 3A), inducing or stimulating the synthe- 
sis of several proteins (some of them boxed in 
Fig. 3). 

Among the polypeptides induced by IFN at 
normal temperature, two species marked by ar- 
rows in Fig. 3C (98 K and 87 K) can be expected 
to be HSPs,  by comparison with those induced 
by heat shock itself (Fig. 3B). Some of the IFN- 
induced proteins can be considered as PR pro- 
teins (PR-la,  PR-2, PR-Q, PR-P) according to 
their position on two-dimensional gel electro- 
phoresis [40]. Besides, a number of additional 
IFN-induced proteins are revealed by two- 
dimensional resolution (Fig. 3C). 
1. A number of new proteins of about 30 kDa 

were demonstrated in IFN-treated leaves 
(boxed in Fig. 3) and were not discovered in 
control leaves. 

2. Changes of the polypeptide pattern of the 63 K 
protein family were detected (boxed in Fig. 3). 

3. Increase of the synthesis of the polypeptide 
43 K group mapping close to the large subunit 
ofribulose bisphophate carboxylase (LS) were 

Fig. 4. Induction of proteins by IFN and 2-5A in wheat. Two-dimensional IEF/SDS-PAGE analysis of proteins synthesized at 
normal (23 °C: A, C, E) and heat-shock (40 °C: B, D, F) temperature. Total protein preparations were extracted from wheat not 
treated (A, B) and treated with (C, D) 0.I u/ml IFN or (E, F) 10 nM 2-5A. The HSPs are marked by dots. Arrowheads mark 
the spots corresponding to HSPs induced not only by heat shock but also by IFN or 2-5A at normal temperature. Arrows show 
proteins induced by each substance (but not by heat shock). Proteins induced only by IFN are marked with white arrows, those 
induced by 2-5A are marked by white triangles. Boxed areas indicate the positions of obvious alterations in the protein pattern. 
LS denotes the large subunit of ribulose bisphosphate carboxylase. The triangle marks the putative PR-la-like protein. Molecu- 
lar weights (in thousands) of protein standards are indicated on the right. 
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observed and new polypeptides in this area 
can be recognized. 

Figure 3E depicts the results of the two-dimen- 
sional analysis of the proteins synthesized in to- 
bacco leaves in the presence of 0.01 #M 2-5A. 
2-5A induced changes in the protein pattern are 
even more pronounced than with IFN (cf. 
Figs 3A, 3C and 3E). In this case all interferon- 
induced changes in the pattern of protein synthe- 
sis mentioned above are observed. Besides 2-5A- 
induced synthesis of the group of high-molecular- 
mass proteins (ca. 136 kDa) is revealed. Their 
synthesis is discovered by one-dimensional elec- 
trophoresis under IFN treatment as well [14]. 

The heat shock induced the synthesis of differ- 
ent HSP groups in tobacco leaves (Fig. 3B) and 
at the same time markedly inhibited the synthe- 
sis of proteins produced at 25 ° C. 

The leaves treated with 2-5A and exposed to 
heat shock synthesized the HSP as well as pro- 
teins induced by 2-5A at 25 °C (Fig. 3F). Be- 
sides this, many proteins typical of control leaves 
at normal temperature continued to be produced. 
One can suggest that the thermal resistance of 
protein synthesis is enhanced in the presence of 
2-5A. 

The effect of IFN on protein synthesis in to- 
bacco (but not wheat, see below) leaf tissues upon 
transition to high temperature (40 ° C) is weaker 
than that of 2-5A, and in a number of experi- 
ments the corresponding protein patterns did not 
differ from the typical HSP ones (Fig. 3D and 
3B). 

Effect of IFN and 2-5A on protein synthesis in wheat 
leaves 

In the preliminary experiments IFN effects on 
protein synthesis in wheat leaves were studied 
within the wide range of concentrations of this 
substance: 0.01, 0.1, 1.0 and 10u/ml. No effect 
was detected at 0.01 u/ml. 10 u/ml of IFN inhib- 
ited protein synthesis in leaf cells. 0.1 and 1 u/ml 
had a remarkable effect on the pattern of proteins 
synthesized in wheat leaves. The 2-5A effect on 
protein synthesis was studied in the range of con- 
centrations from 0.1 nM to 0.1 #M. A concen- 

tration of 0.1 uM of 2-5A had no effect on this 
process, 1 -10nM enhanced protein synthesis 
and altered the pattern of labelled polypeptides, 
and 0.1 #M gave an inhibitory action. 

The results of two-dimensional IEF/SDS- 
PAGE analysis of proteins synthesized under 
IFN and 2-5A treatment in wheat leaves are pre- 
sented in Fig. 4. As with tobacco, in wheat IFN 
at low concentrations (0.1 u/ml) and 2-5A 
(10 nM) induced or increased the synthesis of 
numerous new proteins at normal temperature 
(Fig. 4C, E) and simultaneously decreased the 
synthesis of a number of polypeptides. The sets 
of proteins synthesized under the influence of IFN 
and 2-5A are very similar. Among the IFN- (or 
2-5A)-induced proteins one can also find HSP- 
like proteins (98 K, 87 K) and a protein similar to 
the tobacco PR-la  (Fig. 4C, E). Recently immu- 
noelectroblotting with an affinity-purified antise- 
rum to the tobacco PR-la  has been used to dem- 
onstrate that such a protein is induced in wheat 
upon infection with brome mosaic virus [42]. We 
did not undertake any further identification of the 
wheat PR proteins. 

In wheat as in tobacco, IFN and 2-5A induce 
a group of 30 K polypeptides (boxed in Fig. 4), 
high-molecular-weight proteins (ca. 136 K boxed 
in Fig. 4), new proteins of 43 K family located in 
the LS region, and polypeptides of 63 K family 
(boxed in Fig. 4). The synthesis of a number of 
other proteins is inhibited (see the groups of 
polypeptides with a Mr lower than 94 K and LS 
in Fig. 4C, E). 

Upon transfer of IFN- or 2-5A-treated wheat 
leaves to heat-shock conditions, they synthesize 
not only HSP but also practically all other pro- 
teins elicited by these compounds as well as many 
proteins typical of control leaves at normal tem- 
perature (Fig. 4D, F). Thus IFN and 2-5A ap- 
parently enhance the thermal resistance of pro- 
tein synthesis in wheat plants. The protein 
patterns obtained upon treatment of wheat with 
IFN and 2-5A (Fig. 4C, E) prove to be similar 
enough albeit there are minor differences. How- 
ever, in contrast to tobacco, the effect of IFN on 
wheat is somewhat more pronounced than that of 
2-5A both at 23 °C and at 40 °C. 



Discussion 

In the present work it is shown that human in- 
terferon and one of the mediators of its action in 
vertebrates 2-5A cause significant changes in the 
set of synthesized proteins in the leaves of to- 
bacco and wheat. They induce or enhance syn- 
thesis of a large number of polypeptides (more 
than 100). Besides, appearance of several iso- 
forms of proteins close in their molecular weight 
(for example, the 43 K family) makes probable 
influence of IFN and 2-5A on the post- 
translational modification of proteins as well. 

At least part of proteins induced by IFN and 
2-5A in plant tissues can be classified as stress 
proteins: HSPs (in tobacco and wheat cells) and 
PR proteins (in tobacco and, possibly, wheat). 

It is known that genes of PR proteins are not 
activated by heat shock [25]; as far as we know 
HSP cannot be induced in plants by pathogens 
and other inductors of PR proteins [27, 28]. Con- 
sequently, responses to pathogens and heat shock 
are two different stress reactions of plants. More- 
over heat shock blocks synthesis of PR proteins 
[27, 31, 33 ] in spite of high homology of REsH S P 
genes and PR genes. Here we describe the first 
example of simultaneous induction of PR and H S 
proteins. It is important to stress that in 2-5A 
treated tobacco leaves HS does not inhibit PR 
proteins synthesis (Fig. 3F). Obviously the last 
becomes thermostable. In the same way HS does 
not alter synthesis of a lot of other proteins in- 
duced in the leaves of tobacco and wheat by IFN 
and 2-5A, although it is known that HS inhibits 
synthesis of plant proteins typical of normal tem- 
perature conditions and it is well seen on the 
control leaves (Fig. 3A, B). Thus IFN and 2-5A 
enhance stress resistance (thermotolerance) of 
processes connected with protein synthesis in 
leaves. 

It still remains unclear if there are common 
elements in the reaction to IFN and 2-5A of the 
cells of vertebrates and plant leaves. The mech- 
anisms involved in the actualization of IFN ac- 
tivities in plants are totally obscure. The interpre- 
tation is further complicated by the data that 
similar effects are caused by 2-5A. Notwithstand- 
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ing, one can hardly suggest the existence of a 
2-5A system mediating IFN action in plants; it 
seems more probable that the similar effects pro- 
duced by these two agents on plants are unrelated 
phenomena. Human IFN and 2-5A may mimic 
some substances causing or attending stress in 
plants, which results in formation of stress (PR 
and HS) proteins. It cannot be excluded that IFN 
and 2-5A act upon plant leaves as stressors caus- 
ing hardening of plants to unfavourable condi- 
tions (HS, pathogens). At the same time their 
action is exerted in an extremely low concentra- 
tion range (0.1-1 u/ml for IFN and 1-10 nM for 
2-5A), which makes more probable their influ- 
ence on plant regulatory systems. Enhancement 
of cytokinin content in tobacco leaves under the 
action of IFN and 2-5A confirms this assump- 
tion. Other stresses, for example, heat shock (our 
unpublished data) strictly lower cytokinin levels 
in plants. As IFN and 2-5A concentrations caus- 
ing enhancement of cytokinin content in leaves 
and those changing the pattern of proteins syn- 
thesized coincide one can expect a mediative role 
for cytokinins in IFN and 2-5A action on plants. 
In this connection it seems interesting that cyto- 
kinin enhances plant virus-resistance [1, 15]. 
Along with this both high content of endogenous 
cytokinins in transgenic plants [6] and the action 
of high concentrations of exogenous cytokinins 
cause stress reaction in plants switching on PR 
protein synthesis [1, 15, 38]. 

The appearance of PR proteins in plant tissues 
is often accompanied by the evolvement of ac- 
quired antiviral resistance [39]. Though partici- 
pation of P R - l a  in the induction of antiviral re- 
sistance has not been directly demonstrable in 
transgenic tobacco plants expressing the P R - l a  
gene [6, 23], probably some other PR proteins or 
their combinations enhance plant resistance to 
viruses. The induction of PR and HS proteins by 
IFN and 2-5A allows one to speculate that IFN 
and 2-5A can protect the plants against different 
stresses and/or pathogens. In particular, IFN and 
2-5A apparently stabilize protein synthesis in 
plants subjected to heat shock. 
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