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SUMMARY

Biotic elicitation of the Trifolium pratense L. suspension culture

The important substances of secondary metabolism include flavonoids and isoflavonoids. The
Trifolium pratense L. (Fabaceae) suspension culture’s yield of these metabolites is low, thus an
attempt was made to increase the production by elicitation. The endogenous signal substances of the
plants’ defensive responses include jasmonic acid that also functions as a biotic elicitor in the case
of exogenous application. In the experiment the authors monitored the impact of 4 different
concentrations of jasmonic acid on the Trifolium pratense L. (variety DO-8 and variety DO-9)
suspension culture’s yield. The culture was cultivated in Gamborg medium to which 2 mg.l"" of
2,4-dichlorophenoxyacetic acid and 2 mg.I'" of 6-benzylaminopurine were added. The maximum
increase in the production of flavonoids was achieved, when compared with the control samples,
with both varieties of the 500 umol concentration (DO-9, 6-hour application by 140%; DO-8,
24-hour application by 65%). The production of isoflavonoids (genistin, daidzein, genistein, and
formononetine) was best stimulated in both varieties by the 50 wmol concentration (in the case of
DO-9 variety, the 48-hour application increased the content of genistin by up to 845%).
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SOUHRN

Bioticka elicitace suspenzni kultury Trifolium pratense L.

Mezi vyznamné latky sekundarniho metabolismu patii flavonoidy a isoflavonoidy. Suspenzni kul-
tura Trifolium pratense L. (Fabaceae) ma vsak nizkou produkci téchto metabolitd, a proto byla sna-
minové, ktera v pripadé exogenni aplikace plsobi také jako bioticky elicitor. V praci byl sledovan
vliv ¢tyf koncentraci kyseliny jasminové na produkci suspenzni kultury Trifolium pratense L. (va-
rieta DO-8 a varieta DO-9). Kultura byla kultivovana na mediu podle Gamborga s pridavkem 2 mg.1"!
2 4-dichlorfenoxyoctové kyseliny a 2 mg.I"" 6-benzylaminopurinu. Maximélni zvySeni produkce fla-
vonoidil oproti kontrole vyvolala u obou variet koncentrace 500 wmol (6hodinova aplikace o 140 %
u variety DO-9 a 24hodinova aplikace o 65 % u variety DO-8). Produkci isoflavonoidll (genistinu,
daidzeinu, genisteinu a formononetinu) stimulovala u obou variet nejvice koncentrace 50 wmol
(u variety DO-9 zvySsila 48hodinova aplikace obsah genistinu az o 845 %).
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The elicitation method is one of the means to increase
the production of secondary metabolites in explant
cultures of plants. The elicitation utilizes substances
possessing the signal effect properties—the elicitors.
These function as stress factors, induce increased
synthesis of phytoalexins and of other secondary
metabolites that contribute to the defense potential of the
plant or of the explant.

Jasmonic acid and its precursors and derivates are
some of the endogenous signal substances of the plants’
defensive responses V. Jasmonic acid and its methyl ester
are natural hormonal regulators controlling the plant’s
aging and inducing processes that take place after the
plant is injured. In the exogenic application case, they
may also function as elicitors 2.

Important secondary metabolites of intact plants and
of explant cultures include flavonoids and isoflavonoids
which posses a wide range of biological effects *'2. In
the observed suspension culture, Trifolium pratense L.
(Fabaceae), the production rate of these metabolites is
low, thus there was an attempt to increase their
production with the jasmonic acid biotic elicitor.

EXPERIMENTAL PHASE

Instruments

A 200S analytical scales manufactured by Sartorius,
Gottingen; a PS 20A autoclave by Chirana, Brno; an HS 31A
hot-air sterilizer by Chirana, Brno; a laminar flow workbench
by Fatran LF, Zilina; a roller by Vyvojové Dilny AV CR, Praha;
a 2010 shaker by Unimax, Heidolph; a CE 1010
spectrophotometer by Cecil Instruments, Cambridge; a liquid
chromatograph (a PU-2089 pump, a MD-2015 detector, an
AS-2055 automatic sample injector) by Jasco, Tokyo.

Trifolium pratense L. suspension culture

The suspension cultures (variety DO-8, DO-9) were
derived from callus cultures. First by mechanical loosening
on the shaker followed by the cultivation in Gamborg
nutrient media ' with the addition of 2 mg.1"' of 24-
-dichlorophenoxyacetic ~ acid and 2 mg.l"!' of
6-benzylaminopurine, at the temperature of 25 °C, 16-hr
light/8-hr dark period. The subcultivation interval lasted 14
days '¥.

Elicitation

To elicitate, we used jasmonic acid dilutions in 96% ethanol
in the concentrations of 5 umol, 50 umol, 500 umol, and
5000 umol. During the elicitation process, we added 1.0 ml of
the elicitor to a two-year-old suspension culture on the 21* day
of cultivation Y. The control cultures received 1.0 ml of
distilled water. The elicitor application durations were 6, 24,
48, and 168 hours. The cells were separated from the media by
vacuuming, rinsed in distilled water, and dried at the laboratory
room temperature.

Determining the flavonoids and isoflavonoids

The elicited and the inspection samples underwent
photometric determination of flavonoids in accordance with
the Czech Pharmacopoeia 2005 ' and the determination of
isoflavonoids using the HPLC method '®. The HPLC
determination process conditions were as follows: a RP-18
Lichrospher column (250 x 4 mm, particles size 5 wm) with
a precolumn made of the same material; elution: linear
gradient of the mobile phase A (methanol) in phase B (water
containing 0.15% of phosphoric acid) 30-80% from 0 to 9
minutes was followed by the isocratic elution mobile phase
in the composition of 80% of phase A in phase B from 9 to
15 minutes; the elution speed was 1.1 ml/min; the detection
was carried out at the 260 nm wave length. The obtained
results were statistically evaluated in the t-test for at least 3
members of the team and at the p = 0.05 level of statistical
significance.

Tab. 1. Production of flavonoids in suspension culture of Trifolium pratense L. (variety DO-8, DO-9) elicited with jasmonic acid

Elicitor concentration (umol) Time after elicitation Flavonoid contents (%) Flavonoid contents (%)
(hours) variety DO-8 variety DO-9
6 0.068 + 0.007 0.031 + 0.008
24 0.068 + 0.007 0.031 + 0.008
control 48 0.068 + 0.007 0.031 + 0.008
168 0.057 + 0.009 0.053 + 0.006
6 0.044 + 0.011 0.048 + 0.009
24 0.085 + 0.004 0.032 + 0.008
5 48 0.059 + 0.003 0.033 £ 0.010
168 0.024 + 0.004 0.058 + 0.007
6 0.083 +£0.012 0.060 + 0.011
24 0.091 + 0.005 0.057 + 0.008
50 48 0.057 + 0.002 0.030 + 0.006
168 0.042 + 0.009 0.056 + 0.010
6 0.070 + 0.003 0.074 + 0.005
24 0.112 + 0.005 0.059 + 0.013
500 48 0.056 + 0.005 0.044 + 0.009
168 0.024 + 0.002 0.060 + 0.007
6 0.079 + 0.011 0.010 + 0.009
24 0.092 + 0.003 0.019 + 0.007
5000 48 0.089 + 0.006 0.025 + 0.011
168 0.023 + 0.003 0.049 + 0.008
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Tab. 2. Production of isoflavonoids in suspension culture of Trifolium pratense L. (variety DO-8) elicited with jasmonic acid

Elicitor concentration (umol) Time after Isoflavonoid contents (%)
elicitation (hours)
genistin daidzein genistein formononetin
6 0.112 + 0.007 0.042 + 0.005 0.013 + 0.004 0.033 + 0.006
24 0.111 + 0.004 0.042 + 0.008 0.013 + 0.002 0.033 + 0.004
control 48 0.111 + 0.006 0.041 + 0.003 0.012 + 0.006 0.032 + 0.002
168 0.054 + 0.003 0.033 + 0.006 0.012 + 0.003 0.021 + 0.005
6 0.112 + 0.009 0.042 + 0.008 0.011 +0.001 0.022 + 0.003
24 0.112 + 0.006 0.041 + 0.003 0.011 +0.001 0.024 + 0.006
5 48 0.093 + 0.008 0.041 + 0.005 0.010 + 0.003 0.031 + 0.004
168 0.011 + 0.007 0.022 4+ 0.003 - 0.023 + 0.006
6 0.280 + 0.003 0.094 + 0.008 0.050 + 0.010 0.043 + 0.005
24 0.182 + 0.007 0.032 + 0.006 0.013 + 0.008 0.023 + 0.006
50 48 0.063 + 0.008 0.030 + 0.004 0.014 + 0.002 0.022 + 0.009
168 - 0.023 + 0.003 0.032 + 0.006 0.012 + 0.008
6 0.252 + 0.009 0.087 + 0.006 0.013 + 0.004 0.023 + 0.003
24 0.160 + 0.004 0.062 + 0.008 0.013 + 0.005 0.024 + 0.002
500 48 0.061 + 0.007 0.053 + 0.004 0.021 + 0.003 0.031 + 0.004
168 - 0.012 + 0.008 - 0.044 + 0.011
6 0.092 + 0.008 0.032 + 0.006 0.017 + 0.012 0.010 + 0.004
24 0.101 + 0.003 0.024 + 0.004 0.022 + 0.006 0.010 + 0.010
5000 48 0.110 + 0.006 0.032 + 0.002 0.021 + 0.004 0.031 + 0.008
168 0.012 + 0.004 0.030 + 0.003 - 0.042 + 0.006

Tab. 3. Production of isoflavonoids in suspension culture of Trifolium pratense L. (variety DO-9) elicited with jasmonic acid

Elicitor concentration (umol) Time after Isoflavonoid contents (%)
elicitation (hours)
genistin daidzein genistein formononetin
6 0.052 + 0.003 0.023 + 0.006 0.020 + 0.000 0.011 + 0.003
24 0.052 + 0.006 0.023 + 0.002 0.022 + 0.006 0.011 +0.001
control 48 0.051 + 0.004 0.020 + 0.010 0.024 + 0.002 0.012 + 0.000
168 0.024 + 0.006 0.013 + 0.006 0.010 + 0.001 0.011 + 0.003
6 0.062 + 0.010 0.013 + 0.002 0.011 + 0.000 0.010 + 0.000
24 0.053 + 0.006 0.023 + 0.006 0.011 + 0.001 0.011 + 0.003
5 48 0.101 + 0.008 0.024 + 0.008 0.024 + 0.006 0.012 + 0.006
168 0.053 + 0.004 0.022 + 0.002 0.010 + 0.000 0.011 + 0.000
6 0.097 + 0.008 0.011 + 0.006 0.011 + 0.001 0.011 + 0.002
24 0.112 + 0.009 0.013 £+ 0.004 0.023 + 0.006 0.031 + 0.004
50 48 0.482 + 0.007 0.081 + 0.006 0.032 + 0.000 0.042 + 0.006
168 0.081 + 0,004 0.013 £+ 0.001 0.010 £+ 0.002 0.020 £ 0.010
6 0.062 + 0.004 0.010 + 0.006 0.011 + 0.001 0.021 + 0.006
24 0.087 + 0.006 0.012 + 0.004 0.023 + 0.006 0.032 + 0.004
500 48 0.123 +0.010 0.024 + 0.002 0.023 + 0.001 0.033 + 0.002
168 0.075 + 0.008 0.013 + 0.006 0.011 +0.001 0.024 + 0.011
6 0.061 + 0.005 0.013 + 0.006 0.011 + 0.002 0.010 + 0.006
24 0.084 + 0.007 0.010 + 0.002 0.012 + 0.002 0.012 + 0.004
5000 48 0.102 + 0.008 0.023 + 0.008 0.023 + 0.006 0.032 + 0.006
168 0.073 + 0.004 0.013 + 0.006 0.011 + 0.002 0.031 + 0.002

RESULTS AND DISCUSSION

Increasing the production of therapeutically important
secondary metabolites in in vitro cultures is one of the
closely watched spheres in  pharmaceutical
biotechnology. Tangibly speaking, the elicitation of
explant cultures is a very promising method.

The Trifolium pratense L. suspension culture (variety
DO-8, DO-9) was observed for the effect of jasmonic
acid’s biotic elicitor on the production of flavonoids and
isoflavonoids.

The findings of previous experiments imply '¥ that the
elicitation of the Trifolium pratense L. suspension
culture is best on day 21 of subcultivation; our culture’s
elicitation was therefore carried out on that day of
cultivation.

Four concentrations of jasmonic acid were tested
(5 wmol, 50 umol, 500 umol, and 5000 wmol); these
concentrations had been chosen from within the range
that is usually applied with this type of elicitor !7-'. The
time periods of the elicitor’s effect that were tested (6,
24, 48 and 168 hours) had been based on the results of
the already performed tests 2* and on different pieces of
published information that deal with an increase in the
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production of the secondary metabolites after the
addition of an elicitor in the range of several hours to
several days '"-13:21-22_Inspection cultures were collected
after 6 and 168 hours since their production does not
change notably in such short time intervals.

The results of the biotic elicitation of the Trifolium
pratense L. suspension culture (variety DO-8) with
jasmonic acid (Table 1) clearly indicate that flavonoid
production was influenced in a positive way. The
maximum content (0.112%) was recorded after a 24-
hour exposure to a 500 wmol concentration and, after
comparing this result with the control culture result, we
can state that a statistically important increase in the
production by 65% was achieved. Statistically important
results were also achieved with the remaining
concentrations of the elicitor after a 24-hour exposure
when compared with the control samples.

The Trifolium pratense L. suspension culture (variety
DO-9) showed a better elicitation effect with a 500 wmol
concentration, too (Table 1). The maximum content of
flavonoids (0.074%) and a statistically important
increase in the production by 140%, compared with the
control samples, were recorded after a 6-hour
application.

In the Trifolium pratense L. suspension culture
(variety DO-8, DO-9) elicited with jasmonic acid, we
also checked the production of isoflavonoids. In the
control culture we recorded the isoflavonoids genistin,
daidzein, genistein, and formononetin. In the case of the
DO-8 variety (Table 2), we can value namely the 6-hour
application of the 50 wmol concentration which
increased, compared with the control culture, the
production of all isoflavonoids under observation —
genistin by 150%, daidzein by 123%, genistein by 285%,
and formononetin by 30%. The increase in the
production of these isoflavonoids was also induced by
the 500 wmol concentration.

In the case of the variety DO-9 (Table 3), the best
elicitation effect of jasmonic acid was also recorded at
the 50 wmol concentration. The maximum increase in the
content of all isoflavonoids under observation, when
compared with the control culture, was brought about
during the 48-hour application of the 50 wmol
concentration when the increase was as follows: genistin
by 845%, daidzein by 300%, genistein by 30%, and
formononetin by 250%. The production of genistin was
also increased by the other concentrations of the elicitor
and the increase values were again highest after the
48-hour application.

The 48-hour application of the 50 umol concentration
also stimulated best the production of anthracene
derivatives in the Rheum palmatum L. suspension
culture 2. Other studies confirm the fact that jasmonic
acid is one of the important signal substances of the
plants’ defensive responses that result in an increased
production of secondary metabolites 2*-29.

This work was sponsored under the Research Project No.
MSM 0021620822.
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