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Phytoalexins produced by alfalfa and their role in prevention

of spring black stem and leaf spot by Ascochyta imperfecta
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Summary

Two phytoalexins were isolated and purified from alfalfa (Vertus) sprayed with of CuCl..
One was identified as medicarpin by ultraviolet (UV)-spectrometry, gas-liquid chromatographic
and mass-spectrometry (GC-MS), and high resolution mass-spectrometry. The other was
suggested to be sativan (SA) by UV-spectrometry and GC-MS. Six mg of medicarpin and 3 mg
of SA were obtained from 5 kg of alfalfa.

Phytoalexin production by alfalfa (three kinds of the cultivar) inoculated with Ascochyta
imperfecta No.6 was examined for standing change. Medicarpin and SA accumulated earlier
and in greater quantity in CUF101 than in Europe or Thor after inoculation with the fungi.

The effects of medicarpin and SA on the growth of 6 strains of the fungi were examined,
but were found to be either weak or undetectable. From these results, it may be concluded
that medicarpin and SA are produced in alfalfa by inoculation with these fungi, but that they

are unable to inhibit invasion by this organism in this plant.
Introduction

Spring black stem and leaf spot disease in alfalfa (Medicago sativa L.) caused by
Ascochyta imperfecta is found throughout Japan and is a particularly serious disease in warm
region grass®!¥.

It is known that several plant species respond to inoculation with various fungi to
produce fungitoxic compounds that have been designated as phytoalexins which are postulated
to play a primary role in the resistance to disease.

Medicarpin, sativan, vestitol, sativanone and liquiritigenin?, and coumesterol'® have all
been reported as phytoalexins in alfalfa. However the role of these phytoalexins in infection

by A. imperfecta has not yet been examined.
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In this study, the authors identified two alfalfa phytoalexins produced by spraying with
CuCl,, examined for standing change of these phytoalexins after inoculation with the fungi, and

tested for their antifungal activity.
Materials and Methods

Alfalfa

Four kinds of alfalfa cultivar (Vertus, CUF101, Thor and Europe) were used in this
experiment. Fertilizer [NH,NO; (4.3g), K,SO, (3.7g), NaH,PO, - 2H,0 (8.8g), CaCO, (7.1g),
and MgCO, (2.5g)] and soils were mixed in Wagner pots covering a space of 1/5,000 a. The
alfalfa seeds were sown in the pots and grown at 25C in a greenhouse. The Vertus seeds were
purchased from Yukijirushi Shubyo CO., Sapporo. The CUF101 was supplied by Dr.S. Inami
of the Aichi-ken Agricultural Reserch Center, and the Thor and Europe were supplied by Dr.
Y. Takeda of the Hokkaido Prefectural Konsen Agricultural Experiment Station.
Phytoalexins: extraction method from alfalfa

Twenty grams of the epigeal portion (leaf and stem) of alfalfa (Vertus), two months after
sowing, were placed in a plastic tray with a wet filter paper lying on the bottom. For the
induction of the phytoalexins, the plants were sprayed with 20 ml of 3 X 10 *M CuCl, solution
containing 0.05% Tween 2. The plants were maintained at 25°C for 36 hrs in a moist chamber
under dark conditions.

The extraction of the phytoalexins from the plants was performed by the method
described by Khan and Milton®. The extract was dissolved with 4 ml of 609% ethanol, and the
solution adjusted to 259 ethanol solution in concentration.

The purification method of the phytoalexins was similar to that described by Edwards
and Strange®. The ethanol solution was applied to a conditioned Waters Sep-Pak C,, car-
tridge column (Millipore, Milford) washed with 5 ml of methanol and water, washed with 5 ml
of 25% ethanol, and eluted with 1 ml of acetonitrile. The eluted solution was concentrated at
300 x€ under N, stream.

Chromatographic technique

The solution containing the phytoalexins was subjected to thin-layer chromatography
(TLC) on silica gel 60GF,;, plates (Merck, 500 gm thick). The plates were developed 2 times
with #n-pentane: ethyl ether: acetic acid (75:25:1, v/v)'® and sprayed with diazotized p-
nitroaniline reagent!". The areas showing their color reactions were scraped from the uns-
prayed plates, and the phytoalexins in the gel were extracted into 95% (v/v) ethanol. These
ethanolic extracts were concentrated after filtration and spotted onto the silica gel plates.
The plates were developed 4 times with chloroform: carbon tetrachloride (3:1, v/v)® and
sprayed with the p-nitroaniline reagent. The plates were then sprayed on any unsprayed
places with spore suspension of Cladosporium harbavion'”, which was cultivated on potato-
dextrose-agar (PDA) at 25C for two weeks. The spore suspension contained 3 % glucose and
0.3 9% veast extract. These plates were incubated in a moist chamber at 25°C for 4-5 days.
The bands showing the color reactions by the p-nitroaniline reagent and antimicrobial activity
were scraped from the unspraved plates, and the phytoalexins extracted into ethanol. The
ethanolic solution was concentrated to dryness in vacuo, and the residue was dissolved into

acetonitrile: water (40:60, v/v).
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Purification of phytoalexins by preparative high-performance liquid chromatography
(HPLC)

The solution discovered from the TLC plates was subjected to preparative HPLC.
Inertsil PREP-ODS (20.0 X250 mm, GL Science, Tokyo)} was used as a column. An Hitachi
L-6000 pump and an Hitachi L-4000 (UV 280 nm) detector were used. A mixed solution of
acetonitrile: deionized water (40:60, v/v) was applied as the effluent at a flow rate of 20 ml/min.
Ultraviolet spectrometric analysis

The ultraviolet spectra of the phytoalexins purified by HPLC were taken with an
UV-visible recording spectrometer UV-160 (Shimazu Co., Kyoto), using 95 % ethanol solution
containing phytoalexins.

Gas-liquid chromatographic and mass spectrometric analyses

After the o-trimethylsilylation® of the phytoalexins with hexamethyldisilazane: trimeth-
ylchlorosilane (1:2, v/v), the trimethylsilylated (TMS) derivatives were injected into a DB-1
column (0.25 mm X 30 m; J&W Scientific Co., Folsom). The column oven temperature was
programmed from 100 to 300°C at 5°C /min, and held at 300°C for 5 min. An Hitachi G-3000 gas
chromatograph equipped with a hydrogen-frame ionization detector was used for the analyses.
The gas chromatographic and mass spectrometric analyses were performed with an Hitachi
M-2500 machine. The mass spectra of the TMS derivatives of the phytoalexins were recorded
at an electron energy of 70 eV and an ion source temperature of 150°C. Helium was used as
the carrier gas.

High resolution mass spectrometric analysis

A high resolution mass spectrum was taken with an Hitachi M-80B mass spectrometer
by direct injection. The electron energy of the ion source was 70 eV. Perfluorokerosene was
used as a reference.

Change in amount of alfalfa phytoalexins after spraying with spore suspension of A.
imperfecia

Three kinds of alfalfa cultivar, CUF101 (group I ; has low cold resistance and grows in
warm regions), Europe (group II; has a cold resistance similar to group I, but a greater
productive capacity), and Thor (group IV; has high cold resistance and grows in cold regions),
with different characteristics'® regarding habitat, yield and cold resistance, etc., were grown
over a period of 6 weeks. About one gram of leaves was collected from each cultivar,
respectively.

One ml of spore suspension (2 X 10%/ml) of A. imperfecta No.6 grown on PDA was sprayed
onto the leaves. The suspension solution contained 1% glucose, 0.1 9 asparagine, and 0.05 %
Tween 20. The control leaves received drops of the suspension solution only. The leaves
were incubated at 25°C under dark conditions in a moist chamber, and the amounts of
phytoalexins produced were measured at 0, 6, 12, 24, 36, 48, 72 and 96 hrs after spraying.

The samples for analysis were obtained by performing extraction from the leaves and
purification by C, cartridge column in the manner described above. The eluates from the
column were evaporated to dryness in vacuo, and the residue dissolved in acetonitrile: water
(40:60, v/v). This solution was then subjected to HPLC. Hitachi Gel #3056 was packed in a
stainless steel column (4 X250mm). A mixed solution of acetonitrile: deionized water (40:60,

v/v) was used as the effluent at a flow rate of 1 ml/min.
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The phytoalexins purified by the preparative HPLC were dissolved in acetonitrile: water
(40:60, v/v) at concentrations of 10, 100 and 500 ppm. A calibration curve was made from these
analyses by HPLC. All the data procedures were determined with an Hitachi D-2500 chromato
integrator.

Tests for antifungal activity of phytoalexins

Inhibition tests on the mycelial growth of 6 strains (No.1-6) of A. imperfecta incubated on
PDA for 7 days were performed using the method of Higgins®, and Khan and Milton'®. The
cultures containing PDA and a given amount of medicarpin or SA were incubated in the dark
at 250°C for 7days. Each colony diameter was measured and the results described in terms of

percentages compared with that of the controls.
Results

Identification of phytoalexins in alfalfa

An orange color spot (Rf value of approximately 0.58) was observed on the TLC plate
when it was developed two times with #-pentane: ethyl ether: acetic acid (75:25:1, v/v). When
the eluate from the gel was developed three times with chloroform: carbon tetrachloride (3:1,
v/v), two spots that had Rf values of approximately 0.21 (orange) and of 0.27 (yellow) were
detected on the TLC plate. These spots showed antifungal activity to the spore of C. harbar-
um.

The eluates from the gel corresponding to Rf 0.21 and 0.27 were subjected to preparative
HPLC. As shown in Fig. 1, a big peak was found at approximately 17 min in the former, and
31 min in the latter. These eluates were collected and used for the analyses described below.
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Fig. 1 High performance liquid chromatograms of eluates from silica gel corre-
sponding to Rf 0.21 (left) and 0.27 (right).
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The UV spectra for eluate A (the former) and B (the latter) showed absorptions of 211
and 286 nm, and 209 and 283 nm, respectively. They were almost the same as the spectra of
medicarpin (213, 282 and 287 nm) and sativan (208, 227, 280 and 284 nm) reported by Bailey and
Mansfield®.

The TMS derivatives of eluates A and B were subjected to GC-MS. The gas chromato-
grams and mass spectra of these eluates are shown in Fig. 2 and Fig. 3, respectively. In the
spectrum of peak 1 (29.1 min) from eluate A in Fig. 1, a molecular ion (M* =270) and prominent
ions at m/z 255, 226, 207, 161, 148, and 147 were obtained. This was analogous to that seen in
free medicarpin, as reported by Ingham”, and Vaziri et a/ '¥. In peak 2 (30.1 min), a molecular
ion (M*=2342) and prominent ions at m/z 327, 219, 206, 161, 148, and 73 were observed, which
agreed with that of TMS-medicarpin obtained previously by Edwards and Strange®. In the
spectrum of peak 2 (30.6 min) from eluate B, a molecular ion (M*=286) and prominent ions at
m/z 164, 151, 149, 121 and 91 were observed. This was essentially identical with that for free
sativan, as previously reported by Bonde e¢f a/®, and Ingham and Millar®. The spectrum of
peak 3 (31.5 min) had a molecular ion peak (M*=358) and prominent ions at m/z 207, 206, 164,
151, 149, 121, 91, and 73. Therefore, it was presumed to be the spectrum of TMS-sativan from
its cleavage pattern.

In the high resolution mass spectrometric analysis of eluate A, the analytical value of the
molecular weight was 270.0892, and the difference was -0.002 units compared with the theoreti-
cal value (270.0912) in the molecular formula (C,sH,,0,) of medicarpin.

That from eluate A was identified as medicarpin by UV-spectrometry, GC-MS and high
resolution mass spectrometry. The other, from eluate B, was suggested to be sativan
(designated as SA) by UV-spectrometry and GC-MS. Six mg of medicarpin and 3 mg of SA

peak?2
peakd
eak2
peakl ’
peakl
5100 15 20 25 30 35 40 B R N Y Y

Fig. 2 Gas liquid chromatograms of eluate A (left) and eluate B (right).
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Peak 1 in eluate A
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Fig. 3 Mass-spectra of peaks in Fig.2.

were obtained from 5 kg of alfalfa (cv.Vertus) by spraying with CuCl,.

Changes in the amount of phytoalexins after spraying with spore suspension of A.

imperfecta

We investigated change with the passage of time in phytoalexin production from the

alfalfa cultivars after spraying with spore suspension of A. imperfecta No.b.

The high-

performance liquid chromatograms of the extract from two cultivars of alfalfa (Thor and

CUF101) at 72 hrs after spraying are shown in Fig. 4.

The maximum production of medicarpin
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was obtained at 12 hrs in CUF101 (10.9 ug/g), at 96 hrs in Europe (6.1 xg/g) and at 72 hrs in
Thor (5.0 xg/g) after spraying (Fig. 5). The maximum production of SA was obtained at 36
hrs in CUF101 (20.6 ug/g), at 72 hrs in Europe (6.5 xg/g), and at 72 hrs in Thor (7.6 ug/g) after
spraying (Fig. 5).
Antifungal activity of phytoalexins

The effects of medicarpin or SA on the mycelial growth of A. imperfecta were tested at
concentrations of 0 (controls), 25, 50 and 100 ppm (Table 1). The degrees of growth of the A.
Imperfecta were expressed as a percentage of the controls. The degrees of the 6 strains (No.
1-6) of A. imperfecta were 67-101 % for 100 ppm of medicarpin, and 69-107% for 100 ppm of SA.

Discussion

Phytoalexins are produced in alfalfa by ultraviolet irradiation or treatment with heavy
metals *'¥ in addition to inoculation with fungi. It has been reported that the adjustment of
metals as an inducer is simple, and that phytoalexins such as medicarpin and sativan are
produced in rich quantities by such treatment®'?. Six mg of medicarpin and 3 mg of SA were
obtained from 5 kg of alfalfa (Vertus) by spraying with CuCl, in this experiment.

Medicarpin and SA purified by preparative HPLC were detected as two or three peaks
by gas chromatography (GLC) (Fig. 2), after they had been converted to their TMS derivatives.
From the spectra of the GC-MS of these peaks, free medicarpin and SA and their TMS
derivatives were recognized to coexist. It is presumed that the trimetylation of these sub-
stances is insufficient. By MS-analysis, peak 1 (29.3 min), which was preceded by TMS-SA on
the GLC, appeared to be carboxylic acid ester (M.W. 390), a contamination from plastic vials
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Fig. 4 High performance liquid chromatograms of extracts from Thor (A), CUF101 (B) at
72 hrs after inoculation with spore suspension of Ascochyvta imperfecta No.6, and
extract from Thor (C) at 72 hrs after inoculation with water solution.
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Medicarpin (1 g/g of fresh alfalfa)

SA (1 g/g of fresh alfalfa)
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Fig. 5 Change in medicarpin and SA production in alfalfa cultivars (CFUIL0IL,
Europe and Thor) with time after inoculation with (A) water solution and
(B) spore suspension of Ascochyta imperfecta No.6.

found in any extraction process.
Host plant cells exhibit hypersensitive reaction, and phytoalexins are produced immedi-
ately from the adjacent cells of hypersensitive death cells by the invasion of fungal mycelia.
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Table 1 Effect of medicarpin and SA on mycelial growth of each isolate of Ascochyta imperfecta.

Isolate No. Medicarpin SA
() 25 50 100(pm) 0 25 50 100(ppm)
No.l 100 36 31 71 100 36 81 81
No.2 100 89 39 67 100 106 33 72
No.3 100 100 100 101 100 113 100 107
No.d 100 100 100 94 100 101 101 101
No.5 100 91 82 32 100 86 g 73
No.6 100 118 101 75 100 113 106 69

Values are given as % of controls.

The phytoalexins produced are accumulated in plant cells in enough amounts to inhibit the
extension of the invasive mycelia, and play an important role in the first stage of infection in
plants”. In the combination of alfalfa and Phviophthora megasperm 1. sp. medicaginis'®,
phytoalexins were produced more rapidly and more abundantly in resistant races of alfalfa
than in sensitive ones. In our study, differences in the amount and speed of phytoalexin
production among three varieties (CFU101, Europe, and Thor) were tested by spraying with
spores of A. imperfecta No.b. Medicarpin and SA were accumulated earlier and in greater
quantity in CUF101 than in Europe or Thor.

Phytoalexins are antifungal substances. [t has been reported that medicarpin and
sativan inhibit the growth of Helminthosporium hercicim®. and that the ED;, of medicarpin and
sativan is 25 ppm and 15 ppm, respectively. It has also been reported that these two substances
inhibit the growth of Verticillivn albo-atriom® and Verticilliwm dahliae®'®. However, medicar-
pin® could only slightly (0-12 %) inhibit the growth of Phoma herbarom var. medicaginis,
Stemphyliion botryosin, Colletotrichum trifolii, and Leptosphaerulina briosiana by levels of 75
ug/ml of media. The effects of medicarpin and SA on the growth of 6 strains of A. imperfecta
were examined in the present study. They hardly showed any effect on the growth of the fungi
at a level of 100 ppm. When the three cultivars of alfalfa were inoculated with the six strains
of A. imperfecta, all the cultivars were infected and lesions were formed, although a small
difference in the number of lesions on the leaves was observed (no data is shown in this text).

From the data described above, it may be concluded that medicarpin and SA are
produced in alfalfa by inoculation with A. imperfecta, but that they are unable to inhibit the
invasion of A. imperfecta in the plant. It has been reported that A. imperfecta has a mechanism
for decomposing medicarpin®. However, whether the strains used in this study decomposed

such substances remains open to question. This mechanism deserves further study.
References

1) Bailey, J.A. and J.W. Mansfield, 1932. In Phytoalexins. pp.253-269, Blackie & Son Ltd.
London.

9) Bailey, J.A. and J.W. Mansfield, 1982. In Phytoalexins. pp.21-80, Blackie & Son Ltd.
London.

3) Bonde, M.R., R.L. Mikkar and J.L. Ingham, 1973. Induction and identification of sativan
and vestitol as two phytoalexins from Lofus corniculatus. Phytochemistry, 12: 2957-2959.



182 Takeshi TAKUMA et al.

4) Edwards, C. and R.N. Strange, 1991. Separation and identification of phytoalexins from
leaves of groundnut (Arachis hvpogaea) and development of a method for their determina-
tion by reversed phase high-performance liquid chromatography. J. Chromatogr., 547:
185-193.

5) Higgins, V.J., 1972. Role of the phytoalexin, medicarpin in three leaf spot diseases of
alfalfa. Physiol. Plant Pathol., 2: 289-300.

6 ) Fukushiro, K. and C. Furuta, 1985. Biology and control of spring black stem and leaf spot

of alfalfa caused by Phoma wmedicagenis. Bulletin of the Chugoku National Agricultural

Experiment Station, 22: 21-53 (in Japanese).

Ingham, J.L., 1976. Fungal modification of pterocarpan phytoalexins from Melilotus alba

and Trifolium pratense. Phytochemistry, 15: 1489 -1495.

8) Ingham, J.L. and R.J. Millar, 1973. Sativan: an induced isoflavan from the leaves of
Medicago sativa L.. Nature, 242: 125-126.

9) Khan, F.Z. and J.M. Milton, 1979. Some factors affecting the production of medicarpin
and sativan by lucerne leaflets in response to Verticillium albo-atrim. Physiol. Plant
Pathol., 14: 11-17.

10) Khan, F.Z. and J.M. Milton, 1975. Phytoalexin production by lucerne (Medicago sativa L.)
in response to infection by Verticillin. Physiol. Plant Pathol., 7: 179-187.

11) Kunou, H., 1995. Recognition of plant pathogens by plant cells. Nippon Nogeikagaku
Kaishi, 69: 182-184 (in Japanese).

12) Masuda, Y., T. Shiraishi, S. Ouchi and H. Oku, 1983. A rapid and accurate analysis of
isoflavonoid phytoalexins by high performance liquid chromatography. Ann. Phytopath.
Soc. Japan, 49: 558-560.

13) Mayama, S., 1995. Phytoalexins, In Dictionary of Plant Pathology. (The Phytopath-
ological Society of Japan, ed.), pp.473-481, Youkendou, Tokyo (in Japanese).

14) Suzuki, S., 1992. Spring black stem and leaf spot, In Leguminous Grass: Alfalfa (Lucerne)-
Its Cultivar, Cultivation and Utilization. pp.155-156, Yukijirushi Syubyou Co., Sapporo (in

-~
~—

Japanese).

15) Ueda, S., 1986. Alfalfa, In Explanation of Cultivar of Pasture and forage Crop. pp.166-
172, Agriculture, Forestry and Fisheries Reserch Council Secretariat, Tokyo (in Japanese).

16) Vaziri, A., N.T. Keen and D.C. Erwin, 1981. Correlation of medicarpin production with
resistance to Phytophthora megaspermma f. sp. medicaginis in alfalfa seedlings. Ihytopath-
ology, 71: 1235-1238.

17) Wakimoto, T., 1993. Method of Research in Plant Pathogen. pp.198-499, Soft Science
Co., Tokyo (in Japanese).

B #

WALE AW ES N T L7 7077 (Vertus) 2086 MO 7 74 F 7L %2 29 - K
BN, =DM AR b, A sae TTT7 4w A 2N a4 ) (GC
MS), E T A7 FLd S medicarpin X ES L2, L) 2 EMRII 2~ 7 b o,
GC-MS 7 5 sativan (SA) L #EEE 72, Skg DT A7 707 704 6 mg @ medicarpin, 3 mg
DSADFELNT2, TILT7 707 7 DENIBEOBINE TH B Ascochyvta imperfecta  No. 6 He4s 7 v
TrIVT7 e D3I, 77 A FT L XL 0 h R I3~ 72 . Europe, Thor



Phytoalexin production by alfalfa 183

) CFU 101 (24547, medicarpin U SA T L DK< L0 kS, A imperfecta 6 BHk
DIEEFIZ B B medicarpin MO8 SA OFZBIZ DG TIAT L 2SO 100 ppm DIRIEIZ B
CTLAEDRFT AT E A SIRL e - 720 BLEORER D 6, AL imperfecta DIEGZ L) T
7 5 L7 7 A8, medicarpin MO SA [ E X DAY ZALS WP, KEDT LT LT 7D
FeAFLT XA FHIL e B b AL,



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11

