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Abstract. The induction of L-phenylalanine ammonia-
lyase (PAL, EC 4.3.1.5) and flavanone synthase in
French bean cell suspension cultures in response to
heat-released elicitor from cell walls of the phytopath-
ogenic fungus Colletotrichum lindemuthianum is highly
dependent upon elicitor concentration. The elicitor
dose-response curve for PAL induction shows two
maxima at around 17.5 and 50 pg elicitor carbohy-
drate per ml culture, whereas the flavanone synthase
response shows one maximum at around 100 ug ml~*,
The PAL response is independent of the elicitor
concentration present during the lag phase of enzyme
induction; if the initial elicifor concentration is in-
creased after 2 h by addition of extra elicitor, or de-
creased by dilution of the cultures, the dose response
curves obtained reflect the concentration of elicitor
present at the time of harvest. PAL induction is not
prevented by addition of methyl sugar derivatives to
the cultures; a-methyl-D-glucoside, itself a weak elici-
tor of PAL activity, elicits a multiphasic PAL re-
sponse when increasing concentrations are added in
the presence of Colletotrichum elicitor. Eight fractions
with different monosaccharide compositions, ob-
tained from the crude elicitor by gel-filtration, each
elicit different dose-responses for PAL induction; the
response to unfractionated elicitor is not the sum of
the responses to the isolated fractions. There is no
correlation between the ability of the fractions to in-
duce PAL in the cultures and their ability to act
as elicitors of isoflavonoid phytoalexin accumulation
in bean hypocotyls.
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Introduction

The accumulation of phytoalexins (host-synthesised,
low molecular weight antimicrobial compounds) in
plant cells in response to phytopathogenic fungi and
bacteria is believed to be induced by fungal metabo-
lites termed elicitors. Such molecules have been isolat-
ed from fungal culture filtrates and mycelial walls
and appear to be either polysaccharides (Ayers et al.
1976 ; Anderson-Prouty and Albersheim 1975) or gly-
coproteins (Daniels and Hadwiger 1976; Stekoll and
West 1978; Dow and Callow 1979a; De Wit and
Roseboom 1980).

Treatment of French bean cell suspension cultures
with a crude elicitor from cell walls of Colletotrichum
lindemuthianum, the causal agent of anthracnose dis-
ease, results in the accumulation of the isoflavonoid-
derived phytoalexin phaseollin, preceded by a rapid,
transient increase in the activity of L-phenylalanine
ammonia-lyase (PAL, EC 4.3.1.5), this change result-
ing from increased de novo synthesis of the enzyme
(Dixon and Lamb 1979). The extent of PAL induction
in the cultures is highly dependent on elicitor concen-
tration, and the complex dose-response curve ob-
served results from differential effects of elicitor con-
centrations on PAL synthesis and removal (Lawton
et al., 1980).

Elicitors may exert their effects by binding to sites
in the host cell plasma membrane, and elicitor dose-
response curves may possibly reflect binding phenom-
ena (Albersheim and Valent 1978). Indirect evidence
for cell surface binding comes from studies in which
low molecular weight sugar derivatives have been
shown to inhibit elicitor-mediated responses (Ayers
et al. 1976; Marcan et al. 1979). In addition, the high
molecular weight glucan elicitor from Phytophthora
infestans can cause agglutination of potato proto-
plasts (Peters et al. 1978; Doke and Tomiyama 1980),
and low molecular weight glucans from compatible
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races of P. infestans inhibit elicitor activity by a pro-
cess which may involve competition for membrane
receptor sites (Doke et al. 1979). Radiolabelled glyco-
peptides from culture filtrates of Cladosporium fulvum
have been shown to bind directly to isolated tomato
leaf mesophyll cells (Dow and Callow 1979b). Dose-
response profiles for elicitor activity vary from log-
linear (hypersensitivity of potato protoplasts to P.
infestans clicitor; Doke and Tomiyama 1980), linear
saturating at higher concentrations (glyceollin accu-
mulation in soybean hypocotyls in response to Phy-
tophthora megasperma var. sojae (PMS) elicitor; Al-
bersheim and Valent 1978), hyperbolic (PAL induc-
tion in soybean cell suspensions in response to PMS
elicitor; Ebel et al. 1976) to more complex relation-
ships (phaseollin accumulation or PAL induction in
French bean cell suspension cultures in response to
C. lindemuthianum elicitor; Dixon and Lamb 1979;
Lawton et al., 1980).

In view of the value of suspension cultured materi-
al for elicitor binding studies, we have now investigat-
ed further the induction of PAL and flavanone syn-
thase (the first enzyme unique to 5-hydroxyflavonoid/
isoflavonoid biosynthesis) in response to varying elici-
tor concentrations in the French bean cell cultures.
We conclude that the elicitor-mediated induction of
PAL in the cultures may involve a complex interac-
tion between various fractions present in the crude
elicitor preparation, but that such phenomena may
not be directly related to the induction of isoflavonoid
phytoalexin accumulation in the whole plant.

Materials and Methods

Cell suspension cultures of dwarf French bean variety Canadian
Wonder were initiated and maintained by regular subculture at
14-day intervals in a modified Schenk and Hildebrandt medium
as previously described (Dixon and Fuller 1976). Unless otherwise
stated, cultures were grown at 25° C in a Gallenkamp Model
INR-401 orbital incubator at 110 rev min~! and illuminated by
a single 30 W fluorescent tube approximately 0.5 m above the cul-
tures. All cultures used in the following experiments were in expo-
nential growth phase (6-7 days after subculture).

Colletotrichum lindemuthianum (Commonwealth Mycological
Institute, isolate IMI 112166) was maintained on a semi-solid glu-
cose-neopeptone medium (Mathur et al. 1949) in a continuous
black light incubator. Conidia were removed from the cultures
by vigorous shaking with sterile distilled water, and transferred
to 500 ml batches of the Mathur medium (modified by the addition
of 15g glucose 17 1) in 21 conical flasks. These were incubated
on an orbital shaker at 25° C and 120 rev min~! for 14 days.
Mycelium was harvested on 4 layers of muslin, and cell walls
prepared as described elsewhere (Anderson-Prouty and Albersheim
1975). Walls were autoclaved (100 m! H,O per g walls) at 120° C
for 30 min to release elicitor, the preparation then being filtered
through sintered glass, clarified by centrifugation, dialysed for 24 h
against three 10 I changes of distilled H,O and concentrated 5-fold
under reduced pressure. This preparation is referred to as the crude
elicitor. Elicitor (from 5 g of walls) for fractionation studies was
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lyophilized and re-dissolved in 5 ml of distilled H,O prior to col-
umn chromatography.

Enzyme induction was measured in 20 ml batches of suspen-
sion (5 ml packed cell volume) incubated for 7 h with 1.5 ml elicitor
solution under normal culture conditions. Controls (minus elicitor)
were treated with 1.5 ml sterile distilled H,O. Each individual ex-
periment was performed with cells from the same culture batch.
Cell samples for PAL assay were harvested by suction filtration
on porous polythene filters, transferred to small stoppered vials
and stored at —70° C until required. Extraction and assay of the
enzyme were as described elsewhere (Dixon et al., 1980). Flavanone
synthase activity, in extracts from freshly harvested cells, was deter-
mined by a radiochromatographic method using [2-!*CJmalonyl
coenzyme A (Radiochemical Centre, Amersham, U.K.) and p-
coumaroyl coenzyme A as substrates, as previously described (Dix-
on and Bendall 1978b). p-Coumaroyl coenzyme A was sythesised
from p-coumaric acid via the N-hydroxysuccinimide ester (Stdckigt
and Zenk 1975) and purified from unreacted coenzyme A by chro-
matography on Sephadex G-10 (Lindl et al. 1973). Protein was
measured by a modification of the method of Lowry et al. (Legett-
Bailey 1962) and total carbohydrate by the w-napthol/sulphuric
acid method (Fuller and Northcote 1956).

For determination of monosaccharide composition, crude and
fractionated elicitor preparations were adjusted to a concentration
of 100 ug glucose equivalents in 100 pl of distilled H,O in small
capped vials. Trifluoroacetic acid (2 M, 0.5 ml) was added, and
the samples hydrolysed at 100° C for 6 h. Samples were then re-
duced to dryness over KOH in a vacuum dessicator for 24 h,
taken up in 50 pl H,0, and 4 pl aliquots applied to Merck No.
5748 silica gel 69 thin-layer sheets. The 10 cm sheets were developed
three times in ethyl acetate:pyridine:acetic acid:H,O (6:3:1:1,
v/v), and the separated monosaccharides quantitatively determined
by direct densitometric scanning of the plates (Menzies et al. 1978).
Lactose was inciuded in all samples as internal standard.

Phytoalexin induction by crude and fractionated elicitor prepa-
rations was determined by application of the elicitor to the
wounded surfaces of excised, etiolated hypocotyls from 7-day old
seedlings of French bean variety ‘ The Prince’. For each treatment,
elicitor was applied to five 2 cm long hypocotyl sections as de-
scribed elsewhere (Anderson-Prouty and Albersheim 1975). After
48 h incubation in the dark at 25° C, each batch of hypocotyl
sections was extracted in a pestle and mortar with 20 ml ethanol.
Samples were worked up for TLC analysis of isoflavonoids as
previously described (Dixon and Bendall 1978a), except that diethyl
ether was used in place of petroleum ether for partitioning against
the aqueous phase. Chromatograms (Machery-Nagel silica gel G/
UV;s54) were developed in toluene:ethyl formate:formic acid
(7:2:1 v/v). Isoflavonoids were eluted from chromatograms in 1 ml
ethanol. Phaseollin (R, 0.60) and kievitone (R; 0.27) were quantita-
tively determined from their reported extinction coefficients at A,
of 280 and 293 nm respectively (Bailey and Burden 1973). Kievitone
was further characterised by the 21 nm bathochromic shift observed
in the UV spectrum following addition of ethanolic AICI; (Bailey
and Burden 1973). Although traces of phaseollidin, phaseollinisof-
lavan and coumestrol were consistently observed on chromato-
grams from elicitor-treated material, the other major compound
present was a 5-OH-isoflavone (R, 0.32; A,., (EtOH) 259, 280
(sh); Amax (EtOH/AICIL,) 270, 280 (sh)). It was eluted from chro-
matograms as above, and its concentration determined in arbitrary
units from its absorption at 259 nm.

Results

The dose-response curve for PAL activity induced
in the cultures by varying concentrations of the crude
Colletotrichum elicitor showed two maxima at around
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Fig. 1a, b. Dose response curves for the effects of crude Colletotrichum elicitor concentration on the induction of PAL in French
bean cell suspension cultures. a Elicitor was added at zero time at the concentrations shown (e——@), or 80 pg ml™* elicitor (arrow)
was added at zero time and the cultures diluted with conditioned medium 2 h later to give the final concentrations shown (o—o).
b Elicitor was added at zero time at the concentrations shown (e——e), or 17.5pug ml~?! elicitor (arrow) was added at zero time

and extra elicitor added 2 h later to give the final concentrations shown (o

17.5 and 50 ug glucose equivalents ml~! (Fig. la,
filled-in circles). This response has been consistently
observed in at least ten independent experiments; in
all cases the activity induced by 27.5-40 pg carbohy-
drate per ml culture was less than that induced by
17.5 and 50 pg ml~!. The absolute activity values
of the maxima and minima vary with different elicitor
preparations and different culture batches; in the first
report of the phenomenon, the activity at 37 pg ml~*
was even lower than that obtained in controls minus
elicitor (Lawton et al, 1980). Similar dose response
curves for PAL induction have been observed with
crude elicitor preparations from races y and ¢ of C.
lindemuthianum (D.L. Murphy, unpublished observa-
tions).

o)

De novo synthesis of PAL in the cell cultures
may be measured within 2 h following addition of
Colletotrichum elicitor (Dixon and Lamb 1979). How-
ever the extent of the induced response is not finally
determined by this time; treatment of cultures with
elicitor at a concentration of 80 pug ml ™! for 2 h, fol-
lowed by dilution of the cultures with conditioned
medium to give various lower final elicitor concentra-
tions resulted in a dose response curve of similar
shape to that obtained if the final elicitor concentra-
tions had been present throughout the 7 h induction
period (Fig. 1a) The dose-response curve for cultures
treated with 17 pg elicitor carbohydrate per ml, fol-
lowed by addition at 2 h of extra elicitor to give var-
ious higher final concentrations (Fig. 1b) likewise in-
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Fig. 2. Dose-response curve for the effects of crude Colletotrichum

elicitor concentration on the induction of flavanone synthase in
French bean cell suspension cultures
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Fig. 3. PAL induction in French bean cell suspension cultures
in response to varying concentrations of a-methyl D-glucoside
alone (0——o0) or in the presence of 20 ug ml~? crude Colletotri-
chum elicitor (e—®)
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dicates the reversibility of the elicitor-mediated re-
sponse. The lower enzyme activities observed in
Fig. 1b are the result of using cultures grown under
a lower level of illumination than those used in all
other experiments.

The dose-response curve for elicitor induction of
flavanone synthase showed only one maximum at
around 100 pg carbohydrate per ml culture (Fig. 2).
There was little induction of the enzyme over the
range of elicitor concentrations which induced the
first peak in PAL activity.

In soybean cotyledons, methyl a-D-mannoside in-
hibits phytoalexin accumulation in response to the
elicitor from cell walls of Phytophthora megasperma
var. sojae (Ayers et al. 1976), whilst in potato tuber
discs Phytophthora infestans elicitor activity is inhibit-
ed by methyl f-D-glucoside and laminaribiose (Mar-
can et al. 1979). These low molecular weight sugar
derivatives may possibly act as ““haptens”™, competing
with elicitor for binding sites at the host cell surface
(Ayers et al. 1976; Marcan et al. 1979). If the complex
elicitor dose-responses observed in the present work
are due to the presence in the elicitor preparation
of more than one active component, it may be possi-
ble, by the use of such compounds, to inhibit selective-
ly only a part of the elicitor dose-response curve.
Methyl - and S-D-glucosides, methyl «- and §-D-
galactosides and methyl o-D-mannoside were there-
fore tested at a range of concentrations for their ef-
fects on elicitor-mediated PAL induction in the
French bean cultures. Of these derivatives, only meth-
yt «-D-glucoside had significant effects on the PAL
response. This compound acted as a weak elicitor
of PAL activity when supplied to the cultures in the
absence of elicitor (Fig. 3), although its effectiveness
declined exponentially with concentrations above
1.0 mM. In contrast, when applied at the same time
as crude elicitor (20 pg ml™1), increasing concentra-
tions of methyl a-D-glucoside first inhibited and then
stimulated extractable PAL activity.

An alternative approach to investigate the possi-
bility of multicomponent elicitor activity was to frac-
tionate the crude elicitor on Biogel P-150 (Fig. 4).
The elution profile for total carbohydrate showed
much heterogeneity ; the major carbohydrate-contain-
ing fraction eluted in the void volume of the column,
but a further seven fractions of lower molecular
weight were obtained. All fractions were lyophilized
prior to further analysis. Fractions A and D contained
the most protein, the high 280 nm absorption of frac-
tions G and H being due to phenolic pigments. Each
fraction was tested at five concentrations for its ability
to induce PAL in the cultures (Fig. 5). Fractions A
to H all induced significant levels of the enzyme,
but each fraction produced a different dose response
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Fig. 4. Fractionation of crude Colletotrichum elicitor. A 2 ml sample was applied to a Biogel P-150 column (83-1.5 cm) and eluted
with deionized H,O at a flow rate of 12 ml h™!; 3 ml fraction were collected. Units for total carbohydrate represent the absorbance
at 555 nm obtained from a 20 pl aliquot of the fraction following reaction with x-naphthol/sulphuric acid reagent. Fractions corresponding
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Fig. 5a—e. Dose-response curves for the effects of Colletotrichum elicitor fractions A to J as elicitors of PAL activity in French bean
cell suspension cultures [graphs (a) to (d)]. Analysis of fractions A to J was performed in a single experiment using cells from the
same culture batch. The sum of the curves for the individual fractions, weighted in accordance with the relative proportions of each

fraction in the crude elicitor, is shown in graph (e)

curve. Fraction B (20 pg ml~!) gave the highest level
of enzyme induction, whereas the response to fraction
C was saturated by concentrations above Sug ml™1.
The only fraction to show a double peak in the dose-
response was fraction E. The sum of the individual

dose-response curves, when weighted for the relative
proportions of each fraction in the crude elicitor, was
not equivalent to that obtained for the unfractionated
preparation (Fig. Se).

Elicitor fractions A to H significantly differed in
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Table 1. Monosaccharide composition of the crude Colletotrichum elicitor and the fractions obtained from it by chromatography on
Biogel P-150. The figures in brackets after the fraction number are the percentage total carbohydrate content of the fraction with
respect to the crude elicitor. The compounds x;, X5, X3 and x, were unidentified pentose-containing oligosaccharides, showing low
mobilities in the TLC system used (see Materials and Methods) and giving a pink colour with p-aminobenzoic acid reagent. Their
presence may have resulted from incomplete hydrolysis of the fractions

% Composition

Monosaccharide Galactose Glucose Mannose Arabinose Ribose Rhamnose x; X5 X3 X4

R 0.87 1.00 1.09 1.22 1.39 1.57 0.17 0.29 0.35 0.72

Fraction:

Crude elicitor ~ (100) 15.5 17.0 22.9 25.8 14.8 2.9 0.36 — - 0.74
A (42.0) 9.2 17.6 21.3 23.5 14.1 44 0.91 3.10 — —
B (10.9) 11.0 15.3 21.3 27.3 12.95 4.2 0.60 0.84 0.84 5.75
C (13.5) 24.1 14.5 40.4 12.2 2.5 6.2 - — — —
D (7.2) 23.2 11.9 38.8 9.3 10.3 6.5 - — — —
E 4.7 13.0 13.5 17.6 29.3 15.6 32 0.87 0.92 0.92 5.40
F 6.5 14.0 12.7 21.0 29.3 11.0 4.0 — — 1.9 6.01
G (8.1 10.9 24.8 20.9 23.2 13.9 4.2 — - - 2.0
H (5.9) 1.9 9.6 13.5 25.0 43.6 3.5 — — — 1.8

TLC mobility relative to glucose
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monosaccharide composition (Table 1). Fractions A
and B appeared similar, with glucose, mannose and
arabinose as the major monosaccharides present.
Fractions C and D contained mannose as the major
monosaccharide, with much lower levels of pentoses.
Only fraction G contained glucose as the major
monosaccharide. The results are in contrast to a pre-
vious report of the carbohydrate composition of the
partially purified elicitor from the o race of Colletotri-
chum lindemuthianum (Anderson-Prouty and Albers-
heim 1975), where only glucose, galactose and man-
nose were observed following gas chromatography
of acetylated elicitor preparations.

The fractionation of the predominantly glucan eli-
citor from the « race of C. lindemuthianum relied
upon the bioassay of fractions by measurement of
the induction of hypersensitive browning and phytoa-
lexin accumulation in isolated bean hypcotyls and
cotyledons (Anderson-Prouty and Albersheim 1975).
Three concentrations of cach of the present fractions
were therefore applied to wounded French bean hypo-
cotyls, and the extent of cellular browning and the
levels of three isoflavonoid derivatives (the phytoalex-
ins phaseollin and kievitone and a partially character-
ised 5-hydroxyisoflavone) were compared to controls
treated with sterile distilled H,O (Fig. 6). There was
no constant direct correlation between cellular brown-
ing and tissue levels of all three isoflavonoids, but
the crude elicitor and fractions A, C and D were
the most consistent in inducing positive changes in
all four parameters. Fraction B, although inducing
slight cellular browning, inhibited phaseollin levels
to below those found in wounded-only controls.

Discussion

The dose-response curve for the Colletotrichum elici-
tor-mediated induction of PAL in French bean cell
suspension cultures is unusual in that it consists of
two maxima separated by a relatively small increment
in elicitor concentration. In soybean cell suspension
cultures the dose response curves for PAL induction
by two partially purified f-1-3-glucan elicitor frac-
tions from Phytophtora megasperma var. sojac have
single maxima at around 1 and 8 pg hexose equiva-
lents ml ™! respectively (Ebel et al. 1976).

There are several possible explanations for the
declines in elicitor-mediated responses observed at su-
pra-optimal elicitor concentrations. Firstly, bell-
shaped dose response curves of this are typically ob-
tained for responses mediated by binding of lectins
to animal cell surfaces (Novogrodsky and Ashwell
1977). If the functional units of fungal elicitors are
purely carbohydrate in nature, as has been suggested
for the Colletotrichum lindemuthianum and Phytoph-
thora megasperma elicitors (Anderson 1978; Albers-
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heim and Valent 1978), then the lectin component
may be a part of the putative receptor for elicitor
binding at the host cell surface. Secondly, f-1-3-glu-
cans assume a helical conformation in solution and
self-associate at high concentrations (Preston 1979);
dose-response curves may therfore reflect elicitor-eli-
citor as well as elicitor-cell interactions. Another fac-
tor, which has received little attention, is the possible
toxicity of elicitors at high concentrations. The dose
response curves observed in the present work may
result from one or more of the above phenomena,
although the lowered response observed at intermedi-
ate elicitor concentrations would seem to imply the
presence in the crude preparation of either two func-
tionally distinct classes of elicitor or a further factor(s)
with an inhibitory effect on elicitor-mediated PAL
induction.

The elicitor dose-response curve for flavanone
synthase induction closely resembles the shape of the
curve for Colletotrichum elicitor-mediated induction
of phaseollin accumulation in the French bean cul-
tures (Dixon and Lamb 1979), although the flavanone
synthase assayed in the present work is not believed
to be directly involved in the synthesis of 5-deoxyisof-
lavonoid derivatives such as phaseollin (Dixon and
Bendall 1978b). Tt i3 not yet clear whether the same or
different elicitor components are responsible for the in-
ductionof PALand flavanonesynthase ; the association
of flavanone synthase induction with those elicitor
concentrations which potentiate the second peak of
the PAL dose-response curve may be coincidental.

Density labelling studies with 2H from 2H,O have
demonstrated that PAL induction in response to
crude Colletotrichum elicitor involves rapid de novo
synthesis of the enzyme, and that at intermediate and
supra-optimal elicitor concentrations the rate con-
stant for enzyme synthesis is lower than at the two
observed optimum elicitor concentrations (Dixon and
Lamb 1979; Lawton et al., 1980). Changes in PAL
activity therefore reflect changes in PAL synthesis, and
the present results suggest that elicitor induction of
enzyme synthesis may be reversible. The dose-re-
sponse curves obtained following dilution of cultures
or addition of extra elicitor 2 h after initial treatment
(Figs. 1a and 1b) would not be obtained if the overall
rates of PAL synthesis during the 7 h induction period
were fully determined during the period up to the
appearance of newly synthesised active enzyme. Fur-
thermore, if the elicitor dose-response curves reflect
elicitor binding phenomena, elicitor must remain re-
versibly bound to the cells in an active state through-
out the early stages of enzyme induction.

The inability of a-methyl sugar derivatives to in-
hibit all or part of the elicitor dose-response curve
may reflect the need for a more complex saccharide
structure to compete successfully with elicitor for host
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cell recognition sites. High concentrations (>40 mM)
of p-methyl-D-glucoside are required to inhibit
browning of potato tuber discs in response to mycelial
sonicates of Phytophthora infestans (Marcan et al.
1979). Similarly, concentrations of water soluble glu-
cans from compatible races of P. infestans in the order
of 10-100 mg ml~?! are required to suppress the hy-
persensitive response of potato protoplasts to P. infes-
tans hyphal wall components (Doke and Tomiyama
1980). In the present work, a-methyl-D-glucoside con-
centrations above 4 mM inhibit extractable PAL ac-
tivity in untreated bean cultures (Fig. 3), although
stimulation of PAL levels is observed at a-methyl
glucoside concentrations of between 4 and 8 mM in
the presence of elicitor (20 pg ml~?). There is clearly
some functional interaction between a-methyl gluco-
side and elicitor, but in the present system this may
be more complex than simple competition for elicitor
binding sites, as has been proposed to explain the ef-
fects of methyl sugar derivatives on elicitor activity 1m
other systems (Ayers etal. 1976; Marcan etal. 1979).
The monosaccharide composition of the crude eli-
citor from the CMI-isolate of Colletotrichum linde-
muthianum here reported is compatible with the analy-
sis previously reported for crude preparations from
the o, f and 6 races of the fungus, although significant
differences in monosaccharide composition occur be-
tween different races (Anderson 1978). Fractionation
of the crude elicitor on the basis of molecular size
yielded 8 fractions which, on the basis of monosac-
charide composition, could be divided into 4 groups;
fractions A, B, E and F contained arabinose and
mannose as the major monosaccharides, whereas frac-
tions C and D contained approximately 40% man-
nose, with galactose as the next most abundant sugar
and relatively low levels of pentoses. Fraction G was
the fraction richest in glucose, while fraction H
showed a preponderance of ribose. This fractionation
pattern is different from that observed for the o, f
and ¢ races of the fungus, where the highest molecular
weight fraction eluted from a Biogel A-5 m column
was predominantly glucan in nature and accounted
for the major part of the total elicitor activity of
the crude preparations (Anderson 1978). The presence
of a relatively high proportion of pentose sugars in
the hydrolysed crude elicitor agrees with previously
published results (Anderson 1978). This pentose mate-
rial is not the result of cytoplasmic contamination,
as a similar amount could be extracted by reautoclav-
ing the wall residue in fresh H,O for a further 3 h.
In the present work, all 8 fractions obtained by
gel-filtration showed elicitor activity as measured by
their ability to induce PAL in the bean suspension
cultures. The different dose-response curves for PAL
induction exhibited by each fraction, and the fact
that the sum of these curves does not show the charac-
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teristic double maximum observed in the response
to the crude elicitor, suggests that heat-treatment of
Colletotrichum cell walls releases a variety of polysac-
charides or glycoproteins differing in molecular size,
composition and biological activity which do not act
independently when present in a crude mixture. Frac-
tionation studies alone may not therefore resolve the
mechanisms underlying the dose-response curves for
enzyme induction.

The complexity of the elicitor-mediated response
suggested by the above results is based solely upon
studies of PAL induction in cell suspension cultures.
As the increase in PAL activity generally precedes
the accumulation of isoflavonoid phytoalexins in cell
suspension cultures (Ebel et al. 1976; Dixon and Ben-
dall 1978b; Dixon and Lamb 1979), such changes
in enzyme levels may be a useful marker for elicitor
activity. However, the most important criterion for
the assessment of elicitor activity is the induced accu-
mulation of phytoalexins in tissues of the whole plant.
Assays of Colletotrichum elicitor activity in previous
work have relied mainly upon the ability of fractions
to elicit cellular necrosis when applied to French bean
hypocotyls or cotyledons (Anderson-Prouty and Al-
bersheim 1975; Anderson 1978; Theodorou and
Smith 1979). Little data has been presented on the
actual tissue concentrations of phytoalexins accumu-
lating in response to elicitor preparations, presumably
because this involves lengthy extraction procedures.
In addition to PAL induction, all the elicitor fractions
obtained by gel-filtration in the present work induced
cellular necrosis when applied to the wounded sur-
faces of excised bean hypotocyls, although they did
not all induce increased accumulation of phaseollin.
Fraction B suppressed phaseollin levels below those
observed in wounded-only controls, in spite of the
fact that this fraction induced the highest PAL in-
creases in the suspension cultures. Fraction B was
also the least effective in inducing 5-hydroxyisofla-
vone accumulation, and was one of several fractions
(including the crude extract) which appeared to sup-
press kievitone accumulation. Suppressors of hyper-
sensitivity and phytoalexin induction have now been
shown in culture fluids from several plant pathogens
(Gnanamanickan and Patil 1977; Oku etal. 1977,
Doke and Tomiyama 1980), although there have been
no reports to date of their occurrence in the cell walls
of the pathogen.

A full explanation of the complex dose-response
phenomena associated with elicitor-mediated enzyme
induction in the cell suspension cultures must await
a more systematic study of the interactions between
the various elicitor components. The present studies
suggest, hower, that such phenomena may not be
directly related to the induction of phytoalexin accu-
mulation in the intact plant. Furthermore, attention
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is drawn to the possibility that elicitor fractions may
have different biological activities, and it may there-
fore be unwise to rely on a single parameter for the
assessment of elicitor activity.

The authors thank Mr. C. Gerrish for technical assistance. R.A.D.
acknowledges financial support from the Agricultural Research
Council and an equipment grant from the University of London
Central Research Fund.

References

Albersheim, P., Valent, B.S. (1978) Host-pathogen interactions in
plants. J. Cell Biol. 78, 627643

Anderson, A. (1978) Initiation of resistant responses in bean by
mycelial wall fractions from three races of the bean pathogen
Colletotrichum lindemuthianum. Can. J. Bot. 56, 2247-2251

Anderson-Prouty, A.J., Albersheim, P. (1975) Host-pathogen inter-
actions VIII. Isolation of a pathogen-synthesized fraction rich
in glucan that elicits a defence response in the pathogen’s host.
Plant Physiol. 56, 286-291

Ayers, A.R., Valent, B., Ebel, J., Albersheim, P (1976) Host-patho-
gen interactions XI. Composition and structure of wall-released
elicitor fractions. Plant Physiol.-57, 766774

Bailey, J.A., Burden, R.S. (1973) Biochemical changes and phytoa-
lexin accumulation in Phaseolus wvulgaris following cellular
browning caused by tobacco necrosis virus. Physiol. Plant Pa-
thol. 3, 171-177

Daniels, D.L., Hadwiger, L.A. (1976) Pisatin-inducing components
in filtrates of virulent and avirulent Fusarium solani cultures.
Physiol. Plant Pathol. 8, 9-19

De Wit, P.T.G.M., Roseboom, P.H.M. (1980) Isolation, partial
characterization and specificity of glycoprotein elicitors from
culture filtrates, mycelium and cell walls of Cladosporium ful-
vum. Physiol. Plant Pathol. 16, 391408

Dixon, R.A., Bendall, D.S. (1978a) Changes in phenolic com-
pounds associated with phaseollin production in cell suspension
cultures of Phaseolus vulgaris. Physiol. Plant Pathol. 13, 283—
294

Dixon, R.A., Bendall, D.S. (1978b) Changes in the levels of en-
zymes of phenylpropanoid and flavonoid synthesis during pha-
seollin production in cell suspension cultures of Phaseolus vul-
garis. Physiol. Plant Pathol. 13, 295-306

Dixon, R.A., Browne, T., Ward, M (1980) Modulation of L-phe-
nylalanine ammonia-lyase by pathway intermediates in cell sus-
pension cultures of dwarf French bean (Phaseolus vulgaris L.).
Planta 150, 279-285

Dixon, R.A., Fuller, K.W. (1976) Effects of synthetic auxin levels
on phaseollin production and phenylalanine ammonia-lyase
(PAL) activity in tissue cultures of Phaseolus vulgaris L. Physiol.
Plant Pathol. 9, 299-312

Dixon, R.A., Lamb, C.J. (1979) Stimulation of de novo synthesis
of L-phenylalanine ammonia-lyase in relation to phytoalexin
accumulation in Collefotrichum lindemuthianum elicitor-treated
cell suspension cultures of French bean (Phaseolus vulgaris).
Biochim. Biophys. Acta 586, 453-463

Doke, N., Garas, N.A., Kuc’, J (1979) Partial characterization
and aspects of the mode of action of a hypersensitivity-inhibit-
ing factor (HIF) isolated from Phytophthora infestans. Physiol.
Plant Pathol. 15, 127-140

Doke, N., Tomiyama, K (1980) Suppression of the hypersensitive
response of potato tuber protoplasts to hyphal wall components

Note Added in Proof

R.A. Dixon et al.: Elicitor-mediated Enzyme Induction

by water soluble glucans isolated from Phytophthora infestans.
Physiol. Plant Pathol. 16, 177-186

Dow, .M., Callow, J.A. (1979a) Partial characterization of glyco-
peptides from culture filtrates of Fulvia fulva (Cooke) ciferri
(syn. Cladosporium fulvum), the tomato leaf mould pathogen.
J. Gen. Microbiol. 113, 57-66

Dow, J.M., Callow, J.A. (1979b) The leakage of electrolytes from
isolated leaf mesophyll cells of tomato induced by glycopeptides
from culture filtrates of Fulvia fulva (Cooke) Ciferri (syn. Cla-
dosporium fulvum). Physiol. Plant Pathol. 15, 27-34

Ebel, J., Ayers, A.R., Albersheim, P. (1976) Host-pathogen interac-
tions XII. Response of suspension-cultured soybean cells to
the elicitor isolated from Phytophthora megasperma var. sojae,
a fungal pathogen of soybeans. Plant Physiol. 57, 775-779

Fuller, K.W., Northcote, D.H. (1956) A micro-method for the
separation and determination of polysaccharides by zone elec-
trophoresis. Biochem. J. 64, 657-663

Gnanamanickan, S.S., Patil, S.S. (1977) Phaseotoxin suppresses
bacterially-induced hypersensitive reaction and phytoalexin syn-
thesis in bean cultivars. Physiol. Plant Pathol. 10, 167-179

Lawton, M.A., Dixon, R.A., Lamb, C.J. (1980) Elicitor modulation
of the turnover of L-phenylalanine ammonia-lyase in French
beancellsuspensioncultures. Biochim. Biophys. Acta633, 162175

Leggett-Bailey, J. (1962) In: Techniques in protein chemistry,
Chapter 11, Elsevier Publishing Co. Amsterdam

Lindl, T., Kreuzaler, F., Hahlbrock, K. (1973) Synthesis of p-
coumaroyl coenzyme A with a partially purified p-coumarate:
CoA ligase from cell suspension cultures of soybean (Glycine
max). Biochim. Biophys. Acta 302, 457-464

Marcan, H., Jarvis, M.C., Friend, J. (1979) Effect of methyl glyco-
sides and oligosaccharides on cell death and browing of potato
tuber discs induced by mycelial components of Phyfophthora
infestans. Physiol. Plant Pathol. 14, 1-9

Mathur, R.S., Barnett, H.L., Lilly, V.G. (1949) Sporulation of
Colletotrichum lindemuthianum in culture. Phytopathology 40,
104-114

Menzies, 1.S., Mount, J.N., Wheeler, M.J. (1978) Quantitative esti-
mation of clinically important monosaccharides in plasma by
rapid thin layer chromatography. Ann. Clin. Biochem. 15, 65-76

Novogrodsky, A., Ashwell, G. (1977) Lymphocyte mitogenesis in-
duced by a mammalian liver protein that specifically binds
desialylated glycoproteins. Proc. Natl. Acad. Sci. USA 74, 676~
678

Oku, H., Shiraishi, T., Ouchi, S. (1977) Suppression of induction
of phytoalexin, pisatin, by low molecular-weight substances
from spore germination fluid of pea pathogen, Mycosphaerella
pinodes. Naturwissenschaften 64, 643-644

Peters, B.M., Cribbs, D.H., Stelzig, D.A. (1978) Agglutination
of plant protoplasts by fungal cell wall glucans. Science 201,
364-365

Preston, R.D.:(1979) Polysaccharide conformation and cell wall
function. Annu Rev. Plant Physiol. 30, 55-78

Stekoll, M., West, C.A. (1978) Purification and properties of an
elicitor of castor bean phytoalexin from culture filtrates of the
fungus Rhizopus stolonifer. Plant Physiol. 61, 38-45

Stockigt, J., Zenk, M.H. (1975) Chemical synthesis and properties
of hydroxycinnamoyl-coenzyme A derivatives. Z. Naturforsch.
30¢, 352-358

Theodorou, M.K., Smith, I.M. (1979) The response of French
bean varieties to components isolated from races of Colletotri-
chum lindemuthianum. Physiol. Plant Pathol. 15, 297-309

Received 28 August; accepted 25 October 1980

Separation of monosaccharides by TLC as described under Materials and Methods but using Schleicher and Schiill F1500 silica gel
TLC plates in place of Merck No. 5748 silica gel 69 plates indicated the presence of xylose in the hydrolysates of elicitor preparations.
This sugar co-chromatographed with ribose on the Merck TLC plates. Values for ribose in the present paper are therefore to be

read as values for ribose plus xylose.



