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The red clover cultivars resistant and susceptible to Sclerotinia trifoliorum Erikss.
were compared by their response to oxalate. More susceptible cultivars demonst-
rated an intense response to oxalate solutions in tests with seed germination or
rate root growth. The test of protein solubility showed that less resistant plants
had a slower response to oxalate. Fast immobilization of proteins can be the
cause of clover resistance to pathogens. It is expedient to employ oxalates as a
selective agent to discriminate clover individuals resistant to plant pathogens.
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INTRODUCTION

Red clover (Trifolium pratense L.) is a widespread
and valuable forage grass in Lithuania [1]. The cul-
tivars ‘Arimaiciai’ (registered 1996 in Lithuania) and
‘Liepsna’ hawe been chosen for experiments because
of their economic importance. The yield of ‘Lieps-
na’ varies depending on climatic conditions. Particu-
larly, ‘Liepsna’ is very sensitive to Sclerotinia trifolio-
rum Erikss. It is evident that the determinants in
plant pathogenesis are germin-like proteins. They are
involved in the defense against biotic and abiotic
stress in plants. Germins are multifunctional pro-
teins, and all their functions are associated with re-
sistance to infection, frost, wilt, salt or heat shock.
The functions of germins reflect the past evolution-
ary conditions. The most primitive pathogenic bio-
genic agent is oxalic acid. An ‘old’ enzyme, oxalate
oxidase, and an even ‘older’ substrate, calcium oxa-
late, have significant and previously uncontemplated
roles in the biochemistry of the extracellular matrix
(ECM) of higher plants. Germin, known to be an
ECM protein, is an oxalate oxidase. Dissolution of
calcium oxalate and germin-induced degradation of
the resulting soluble oxalate can release Ca®* and
H,O,, both of which are known to have central roles
in the biochemistry of the ECM in higher plants
[2]. Germin is also shown to have superoxide dis-
mutase activity suggesting that the defense against
extracellular superoxide radicals is an important ad-
ditional function for germins [3]. Findings about oxa-
lates as a source of H,O, are a complement to the
contemporaneous advocacy of a central role for H,O,
in the signaling processes of higher plants [4]. On
the other side, oxalates may serve as a signaling
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agent for a plant about the beginning of attack. It
allows the plant to prepare, through the mobiliza-
tion and redistribution resources, against oncoming
attack by phytopathogenic microorganisms. The rate
of response to infection maybe reflects the complex
resistance of plants. The glycosylation of germin-li-
ke proteins of barley permits them to pass to the
ECM structure, affects their solubility from this mat-
rix [5]. The phytopathogenic fungus S. trifoliorum
Erikss. excretes into cultural media substances, oxa-
lic acid among them, that exert a complex effect on
clover [6]. Our regard was concentrated on the mo-
dification of clover protein solubility in connection
with oxalic acid. It would enable to prognosticate
and to preselect clover cultivars or individuals resis-
tant to phytopathogenic oxalate producers.

MATERIALS AND METHODS

Red clover T pratense L., cultivars ‘Liepsna’, and ‘Ari-
maiciai’ were obtained from the Dr. Habil. A. Svirs-
kis (Lithuanian Institute of Agriculture, Dotnuva).
With the purpose to evaluate the weight of the re-
sistance to oxalates in common immunity, we selec-
ted from cv. ‘Liepsna’ (at 100 mM oxalate 1% sur-
vival) the strain Ox90.3 resistant to oxalate. The
pathogenic fungus Sclerotinia trifoliorum Erikss. was
obtained from Dr. B. Grigalitinait¢ (Institute of Bo-
tany, Vilnius).

Electrophoresis of soluble clover proteins. Seed-
lings (about three days old) were overpoured with
50-100 mM oxalate solutions for 2h and then the
roots were separated. Samples without oxalate serv-
ed as control. Clover proteins were extracted from
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three-day-old roots with a sample buffer (ratio 1:1)
containing: 0.0625M TRIS-HCI, 5% 2-mercaptoet-
hanol, 15% glycerol, 2% SDS, pH 6.8. The crude
extracts were centrifuged for 20-30 min at 7000-
7500 rpm and heated for 5 min in boiling water. Sam-
ples of extracted proteins (25-35 pl) were subjected
to electrophoresis in 10% polyacrylamide gel slabs
in the presence of SDS [7]. These gels were stained
with 0.1% Coomassie Brillant Blue R250 in 50%
ethanol, 10% acetic acid. Electrophoregrams were
scanned with a Mustek-1200 at a resolution of
600 dpi.

Photometry: transformation of transmittance to
concentration. The method of determination of pro-
tein concentration is therefore absorption photometry
based on the Lambert-Beer law (Equation 1). This
equation correlates light transmittance (7)), substan-
ce concentration (c), layer thickness (d) and mole-
cular extinction (g):

T=cexp(—€:c-d 1)

Transmittance is a nonlinear function with the
concentration. Optical density (OD) is usable inste-
ad of protein’s real concentration because of a line-
ar relationship between ¢, d and OD (Equation 2):

OD =-1log(T) =€-c-d 2)

Extinctions are alternately subjected to the dye.
The purpose of higher precision needs employment
of full information from the color scan. Every pixel
presents transmittance at three colors: red, green,
blue (RGB). The common OD is a weighed avera-
ge of respective densities (Equation 3):

OD=c-d- (g W +e W +¢g- W) W+
+W, + W) (3)

Concrete parameters of extinction can easily be
found by least square regression methods. Weights
(W) of each color are taken as a function of trans-
mittance and calculated by our empiric formula
(Equation 4):

W = (T,gb' N-Q2- T, N)) % )

N is the normalizing coefficient (0.00784) for
transforming the meaning of pixel (0-255) into tran-
smittance units.

Determination of plant resistance. The pathogen
was cultivated in the medium made on the basis of
the media described in [8, 9] and modified (for fun-
gus metabolism activation) by replacing yeast extract
with extract from clover seedlings. The media was
supplemented with 1 g arabinose, 12 g sucrose and

5 g sodium citrate (for augmenting the buffer capa-
city). Oxalate production reached 30-40 mM in the
medium containing 5 g/l sodium citrate, and the to-
xicity of the solution to clover reached maximum.
Just before use the mycelium was slightly crushed.
Seedlings (4-5-day-old) were poured over by fungal
suspension, and after 3 days the survived plants were
counted.

For determination of clover resistance to oxa-
late, the seeds were sterilized for about 9-10 min by
concentrated sulphuric acid and rinsed 5 times in
sterile water. Sterile seeds were spread out and
poured over with oxalate solution and were asepti-
cally germinated on the filtering paper in Petri
dishes. Seedlings were growing with 0-250 mM oxa-
late solutions in the dark for 20 h, then were twice
washed and after another 24 h the root length was
measured. Roots <1.5 mm long were counted as not
resistant (deceased). Every point for ‘Liepsna’ an
average of five repeats, for ‘Ox90.3’ of two or three
repeats and for ‘Arimaiciai’ of one or two repeats.
For every repeat 350-400 plants were counted. The
statistical treatment of the experimental results was
made with the aid of MS Excel 2002 Statistical
Analysis Tool Pack and Statistica 5.5 software.

RESULTS AND DISCUSSION

Selection of decease-proof clover forms is compli-
cated by a multifactorial interaction between the
plant and the fungus and by a quick adaptation of
this plant pathogen to new cultivars. The object we
propose to self to have a rapid method for prese-
lection of resistant plants. Electrophoresis pattern
of the soluble proteins demonstrates decline of so-
lubility of proteins in germinated resistant clover ‘Ari-
maiciai’ (Fig. 1). An especially conspicuous reducing
of solubility was observed in the heavy fractions,
whereas the sensitive clover cultivar ‘Liepsna’ show-
ed no significant difference, except protein peaks
with a relative electroforetic mobility (R;) 0.165 (p1)
and R, 0.334 (p2) (molecular weight 87.95 kDa and
54.3 kDa, respectively). The peak under treatment
with 50 mM oxalate decreased to 57.36 + 2.42%, and
the second peak p2 decreased to 66.86 * 1.31%
versus control. A wide zone between two markers
(20.1 kDa and 43 kDa) was taken for comparison.
Under treatment with oxalate, no significant changes
(103.01 = 12.05%) in this zone were observed in the
‘sensitive ‘Liepsna’, meanwhile the resistant cv.
‘Arimaiciai” decreased the solubility of proteins un-
der treatment with oxalate much more intensively.
The peak pl decreased to 35.95 = 3.62% and the
peak p2 to 54.15 * 1.86%. The solubility of pro-
teins decreased to 67.49 * 5.6% in the wide zone
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mentioned above, there ‘Liepsna’
showed no changes. The immunity

Table. Clover cultivar survival and the toxic effect of oxalate

of ‘Arimaiciai’ to S. trifoliorum

Toxic effect of oxalate,
% Survival with

seems to be determined by the abi- Cultivars T
lity of the clover to respond rapid- Control 50 mM 100 mM

ly to the alert signal — oxalate (or |Liepsna 0.0 63.88 + 0.7 9743 = 0.5 3617 = 044
maybe to peroxide [2, 4] produced | Arimaitiai 3.1 * 1.7 13.69 + 2.6 8383 = 7.4 89.17 + 6.10
by oxalate-oxidase). The resulting | x 90.3 0.0 098 + 0.5 515 + 21 9433 = 1.86

glycosylation of clover proteins (and
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Fig. 1. Stress-induced changes in protein solubility as a
response to oxalate. The are exposed sensitive to S.trifo-
liorum Erikss. cv. ‘Liepsna’ and resistant cv. ‘Arimaiciai‘.
Molecular weights (Mw) of standard markers are pointed
in kilodaltones (horizontally). Molecular weight of two
peaks pl and p2 is pointed over them (vertically)
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Fig. 2. Resistance of clover cultivars to toxic solutions of
oxalate. Curves were solved by least square regression
method
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jointly germins) permits them to pass to the extra-
cellular matrix structure, affects their solubility from
this matrix [5].

Figure 2 shows the toxic effect of oxalic acid on
these two clover cultivars and one strain resistant to
oxalate. The shape of the curve clearly demonstra-
tes that cultivar ‘Liepsna’ is composed of two parts
differing in the resistance to oxalate: about 65% is
sensitive and the remainder is resistant, whereas ‘Ari-
maiciai has only about 15% of sensitive plants. The
strain 0x%90.3 has no significant admixture of oxala-
te-sensitive plants. A comparison of experimental re-
sults obtained with suspension of S. trifoliorum Erikss.
(Table) and with pure oxalate revealed a correlation
between clover resistance to the pathogen and cul-
tivar resistance to oxalate. It should be noted that
survival with the pathogen much more fulfils con-
ditions at 50 mM oxalate than at 100 mM. Appa-
rently, this concentration is close to the natural le-
vels in soil.

Our results suggest that the plants of T pratense
L. selected by their resistivity to oxalate showed a
higher resistance to S. #rifoliorum Erikss. That con-
firms yet again our presumption that the general
axis of the interaction between S. trifoliorum and clo-
ver is a complex of genes responsible for the meta-
bolism of oxalic acid. This impels to use oxalate as
a selective agent to individual plants resistant to S.
trifoliorum. The first indicator of the immunity spe-
cies to plant-pathogens must be speedy immobiliza-
tion of soluble proteins as a response to oxalic acid.
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RAUDONOJO DOBILO FITOPATOGENINIO STRESO
IMITACIJA OKSALATU

Santrauka

Lygintos atsparios ir neatsparios Sclerotinia trifoliorum
Erikss. fitopatogenui raudonyjy dobily linijos pagal jy re-
akcijg | oksalata. Testuota pagal Sakneliy augimo sulétéji-

ma. Rasta, kad jautresnés fitopatogenui dobily linijos rys-
kiau reaguoja i oksalato tirpala. Tiriant tirpiy baltymy kie-
kio kaita, pazymétina, kad jautriy dobily linijy reakcija bu-
vo létesné negu atspariy. Augaly gebéjimas greitai imobili-
zuoti tirpius baltymus gali biiti viena i§ priezasciy, lemian-
¢iy linijos atsparumg fitopatogenui. Atsparumg oksalatui pa-
togu naudoti kaip testa atrenkant fitopatogenams atsparius
augalus.
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