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Chemical stimulation of phytoalexins in fruits
of brinjal (Solanum melongena L.)
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Antifungal activity was detected in diffusates from brinjal fruit tissue incubated with several potential phytoalexin
elicitors for 36 h at 25°C. More effective elicitors were two heavy metal salts, cycloheximide, 2,4-DNP and
commercial pectinase. The induced fungitoxic compounds had the characteristics of phytoalexins. Significant
inhibitory activity was detected in HgCl2 treatment. The solvent extracted diffusates of this treatment when
analysed chromatographically was found to contain three fungitoxic compounds, two of which could be tentatively
identified. However, all these three were active and were sesquiterpenoid in nature, thus conforming to the major
class of phytoalexin reported in Solanaceae.
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INTRODUCTION

The production of a number of sesquiterpenoid phytoalexins having antifungal activity of
varying degree was demonstrated in brinjal fruits (Solanum melongena L) or eggplant, also
called aubergene, when they were inoculated with spore suspension of several fungi
non-pathogenic to this plant (Ward er al., 1975). Besides microorganisms, a wide range of
chemicals have been shown to elicit the formation and accumulation of phytoalexins in
many other plant systems (Uritani et al., 1960; Tomiyama and Fukaya, 1975; Hargreaves,
1979, Watson and Brooks, 1984.), but not in brinjal. The present study was undertaken to
examine the ability of brinjal fruits to produce antifungal compounds when treated with
chemical compounds known as abiotic elicitors which have been reported to stimulate
phytoalexins in other plant species.

MATERIALS AND METHODS

Mature brinjal fruits (cv. Purple oblong) were collected from farmers’ fields. Chemical
compounds (analytical grade) were procured from different manufacturers. For induction of
phytoalexins essentially the method of Ward er al, (1975) was followed excepting that
aqueous solutions of induced chemicals were poured in cavities made in halves of fruits.
In controls, sterile distilled water was applied. After 36 h incubation at 25°C, the resulting
treatment solutions (now called diffusates) or distilled water in controls (called exudates)
were retrieved and filtered. The combined diffusates from each treatment and the exudates

~ were seperately extracted three times with equal volumes of diethyl either and the solvent
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phase was evaported to dryness. The residue was taken in 5% aqueous methanol (found
nontoxic to fungi) and remade to half the volume of crude exudate or diffusate extracted.

Fungitoxic activities of these preparations were determined by the slide germination bioassy

(APS, 1943) using conidia of Helminthosporium oryzae. To assess the phytoalexin Y
producing ability of the host tissue, some of the fruits were inoculated with conidial
suspension of H. oryzae and kept under the same conditions as in chemical treatment.

Small portions of concentrated solvent extracts of diffusates and exudates from HgCl»
treatment were spotted on thin-layer chromatography (TLC) plates coated with silica gel G
(Merck) and developed with methanol-chloroform (5:95, V/V) as the solvent system. Plates
were air dried and the compounds were detected with iodine vapour and also by spraying
vanillin reagent. Spot areas from a similarly developed but non-sprayed plate were scraped
off, eluted with small volumes of methanol-methylene chloride and centrifuged. Four drops
of supernatants were applied to cavity slides and evaported on which two drops of spore
suspension of bioassay fungus were pipetted for testing the fungitoxicity of eluates. Eluates
from non-spot area of developed plate were tested as control. y

RESULTS

In the first set of experiment, salts of three heavy metals such as HgCl, AgNO3 and
CuSOs4 were used as the elicitors. Since in preliminary trials, highly dilute aqueous
solutions of these salts elicited very low levels*of phytoalexins, in subsequent experiments,
solutions with moderate concentrations (10~4M) were used. From the results (Table 1), it can
be seem that all the three compounds when used at stated concentrations were capable of
eliciting phytoalexin production since the extracted diffusates were considerably inhibitory

Table 1. Induction of phytoalexin in brinjal fruits by salts of heavy metals as measured
by fungitoxicity of solvent extracted diffusates on bioassay organism. H. oryzae

Treatments Dilutions of L Percent inhibition of spore
test solutions »
Germination® Germ tube length®
Exudate” x° 1 2
Xn 0 1
Diffusate® X 75 70
X2 46 4]

Diffusates “of

HgCh(10*M) X 4 68 51
X 31 27

AgNO;3 (107*M) X 38
X 26 17

CuSO4 (107M) % 32 28 .
X2 21 15 ¥

a  Percent inhibition in germination and germ tube length were based on microscopic observation of 100 conidia
and 60 germ tubes with respect to control

b  Distilled water recollected from fruit cavities after 36 h incubation at 25°C .

¢ Fluid retrieved from fruit cavities inoculated with conidial suspension of H. oryza for 36 h

d  Treatment solutions of metal salts recolled from fruit cavities after 36 h contact with host tissue at 25°C

e ‘X’ indicate undiluted preparation of exudate or diffusate
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to both conidial germination and germ tube growth of H. oryme whereas the extracts of
exudates were non-inhibitory. Among the metal salts used, highest fungitoxicity was
observed in diffusates from mercuric chloride treatment. An analysis of percent inhibition
data on germination showed that it varied from the lowest 32.3% in CuSO4 treatment to
highest 58.5% in mercuric chloride, when undiluted extracts were used. A similar trend
was observed in germ tube growth. In the second set, several other chemical agents such
as cycloheximide (10 pg/ml), indole acetic acid (IAA, 100 M) chitosan (0.2%), pectinase
(0.125%) and 24 dinitrophenol (2,4-DNP, 107 3M) were used for elicitation of phytoalexins -
in fruit tissues. Diffusates and exudates were collected from fruit cavites after 36 h
incubation and solvent extraction was done as stated earlier prior to the bioassay. From
results (Table 2) it is evident that 2,4-D, cycloheximide and pectinase elicited higher levels
of phytoalexins as the diffustates proved to be fairly fungitoxic, adversely affecting both
spore germination and germ tube growth. Comparatively lower levels of phytoalexins
accumulated in fruits treated with IAA and chitosan, as diffusates from these treatments
were mildly fungitoxic. The exudates, however, exhibited no inhibitory activity. Percent
inhibition of spore germination varied from lowest 18% in treatment with IAA to highest
51% with cycloheximide, when the diffusates (X) were bioassayed without dilution. Results
of the study, therefore, suggested ilicitation of phytoalexins by brinjal fruit tissues following
fungal inoculation and also by diverse types of non-fungal agents.

Results of chromatographic analysis (Table 3) slpwcd that the diffusate contained several
compounds which seperated into five spots with different Rf values of 0.69 (compound I),
0.35 (II), 0.32 (IlI), 0.26 (IV). These spots became visible when one of the developed
plate inhibited spore ggrmination (Table 4) in varying degrees while those from areas
matching the spots with Rf values of 0.69 and 0.18 showed no inhibition. Eluates from
non-spot area of the adsorbant were totally non-inhibitory. Further, the solvent extract of
exudate when chromatographed, failed to produce any coloured spot following exposure to
iodine vapur or spraying of vanillin reagent.

Table 2. Elicitation of phytoalexins in brinjal fruits by certain organic compounds as
tested by inhibition of spore germination and germ tube growth of H. oryzae

Treatments Dilutions of Percent inhibition of spore
test-solutions .
Germination® Germ tube length®
Exudate® X . 0 0
Xr 0 0
Diffusate” X 74 59
Xn 39 26
Diffusates® of
Cycloheximide (10 pg/ml) X 51 46
xn 36 28
Pectinase (0.125%) X 45 48
Xn 25 27
2, 4-DNP (10°M) X 41 45
Xn 26 23
Chitosan (0.02%) X 19 24
X2 12 15
IAA (10°M) X 18 13
X2 8 7

..-

Legends ab.c,d & e are same as in Table-
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Table 3. Thin-layer chromatographic analysis of ether extracts of diffusates” collected
from cavities of brinjal fruits treated with HgCla

Comptoum.lsh Ry values® Antifungal” Retative

| 0.69 - =

1 0.35 + ++

1 0.31 - 4

v 0.26 + ++

¥ 0.18 3

a  Fluid from cavities of fruits treated with HgClz and exiracted with ether

b Roman numericals refer to compounds of different Ry values that reacted with vanillin-H2804 reagent

¢ Ry in Methanol-chloroform, (5:95. viv)

d  Based on standard spore germination bioassay: (+) means presence of inhibitory activity, (-) means its
absence

¢ Estimations based on visual observation of spots afier spraying with locating agent. vanillin reagent : +++ =

large spot. ++ small spots, + = smallest spot

Table 4. Influence of eluates from chromatographed ether extract of diffusate on spore
germination and germ tube growth of bioassay organism H. oryzae

Compounds Effects of cluates on

cluted” Germination (%) Mean germ tube
length (p)

1 74 (-25) 325 (-23)

;| HRE 65 (-34) 295 (-30)

v 79 (-21) ® 334 (-21)
Control® 99 422

a  Inoculation fluid from fruit cavity made in brinjal fruits and extracted with dicthyl chier
b Roman numericals refer to spots on TLC plates which compounds were eluted for bioassay
¢ Eluates from non-spot area of developed TLC plate

DISCUSSION

From the data presented, it is evident that brinjal fruits (eggplant or aubergene) can
produce phytoalexins when treated with a variety of abiotic or chemical elicitors. The
induced antifungal compounds were sesquiterpenoid in nature, thus conforming to the.
pattern shown by other members of the Solanaceae to which brinjal belongs. The elicitation
of antifungal compounds by chemical agents clearly indicated that these were the metabolic
products of brinjal fruit tissue. The yield of phytoalexins was dependent on the
concentration of elicitors applied since too dilute solutions used resulted in the production

in trace amounts.

Among the heavy metal salts, mercuric chloride (HgCl2) was highly effective as evident
from the results of spore germination bioassays. Similar results were obtained previously
(Watson and Brooks, 1984) in other plant system. Greater eliciting ability of HgCla was
probably due to its greater tissue penetrating power and to cause more cellular damage

{Hargreaves. 1979).

Considerable amounts of phyloalexins were also elicited in fruit tissues following
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application of dilute solutions of 2.4-DNP. cycloheximide and pectinase and the results of
this study were in conformity with earlier reports (Schowchau and Hadwiger, 1968; Bailey
1969). The first compound is a metabolic inhibitor and the second one a protein synthesis
{ inhibitor. Such compounds adversely affect normal cellular metabolism. Therefore, tissues in
contact with these compounds were in stressed condition which led to phytoalexin
synthesis. Our findings on the potent activity of commercial pectinase as elicitor is of
interest in the context of reports that pectic fragments liberated from plant cellwall due to
pectic enzymes act as endogenous elicitor (Hahn er al., 1981).

Antifungal compounds induced in fruit tissue were extractable with diethyl ether. The
‘ solvent extract when chromatographed on silica gel plates appeared to be a complex
‘ containing five sesquiterpenoid compounds with different Rf values, three of which were
{ antifungal. Two of the active compounds could be tentatively identified as lubimin and
| ; ; : ; -
aubergenone. Such antifungal compounds were previously reported to be induced in brinjal
L », fruit tissue following inoculation by spore suspensions of fungi, non-pathogenic to the host
'* (Ward et. al., 1975).

The abiotic elicitation of the major antifungal compound lubimin indicated that perhaps
brinjal shared a common phytoalexin biosynthesis pathway with potato and pepper, also
members of the family Solanaceae. The elicitation of phytoalexins in fruit tissue following
treatment with diverse types of chemical agents suggested the lack of specificity in' the
induction process. This study clearly demonstrated that phytoalexins are induced in brinjal
(aubergene) fruit tissue by abiotic and biotic elicitors (Ward eral., 1975).
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