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Abscisic Acid is a Potent Inhibitor of Growth and
Sporidial Formation in Neovossia indicaCultures: Dual
Mode of Action via Loss of Polyamines and Cellular Turgidity

P.P. Singh, Amarijit S. Basra and P.P.S. Panhu

The inhibition of polyamine biosynthesis Neovossia indicgMitra) Mundkur by D,L-
a-difluoromethylornithine (DFMO) caused an effective reduction of mycelial growth and
sporidial production unden vitro conditions, which was reversed by ornithine application.
Abscisic acid proved to be similarly effective, not only in inhibiting mycelial growth and
sporidial formation but also the germination of teliospores, which constitute the primary
inoculum of the pathogen. ABA-mediated inhibition resulted in decreased polyamine
levels and loss of cellular turgidity of mycelial cultures. Scanning electron microscopy of
ABA-treated cultures revealed extremely shrunken hyphae, in marked contrast to the turgid
controls. It is suggested that the manipulation of ABA levels and/or tissue sensitivity in
wheat could be a strategy to combat ‘Karnal’ bunt, the disease caudédmgica
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INTRODUCTION

There is increasing evidence that both the pathogen and the host have the capacity
to synthesize various growth regulators, and alterations in their levels and/or sensitivity
as a result of plant—pathogen interaction are related to disease susceptibility or resistance
reaction (3,6,9,10). The research work on these subjects has provided new insights into our
understanding of pathogenesis and of the manipulation of disease resistance.

‘Karnal’ bunt, a serious disease of wheat caused by the fuipm/ossia indica
(Mitra) Mundkur, has proved difficult to control, being seed-, soil- and airborne in nature
(2). Wheat plants infected with the bunt fungus undergo major morpho-physiological
alterations, mediated possibly by hormonal interactions between the pathogen and the host
(20). A marked change in endogenous cytokinin levels has been observed (17). Healthy
wheat plants treated exogenously with zeatin riboside or isopentenyl adenosine developed
dwarf bunt-like symptoms (17). The involvement of other hormones such as auxins (8)
and gibberellins (19) is less well understood. Although abscisic acid (ABA) has been
implicated in plant responses to many fungal infections (6), its role in the development
of infection by bunt fungi is not known. The fungicide triadimefon, which also has plant
growth-regulating properties, appears to opekadeits effects on ABA concentration in
treated tissues (1,4). Interesting work on the involvement of polyamines, especially in
regard to the possibility that control of fungal plant diseases might be achieved through
inhibition of fungal polyamine biosynthesis, has been published (5,11).
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We reported earlier that it might be possible to control Karnal bunt disease of wheat
through inhibition of polyamine biosynthesis by Dgl-difluoromethylornithine (DFMO)
(15). Whether a naturally occurring inhibitor in the host plant could inhibit polyamine
metabolism of the invading fungus is not known. In the present study, the involvement
of ABA in mediating such a response was investigated ubingndica cultures, which
provide an amenable system to manipulate ABA levels and to disentangle the effects of
hormonal changes induced by the host—pathogen interaction.

MATERIALS AND METHODS

Karnal bunt-infected grains of wheaTr{ticum aestivumL. cv. HD 2329) were
sterilized with 1% sodium hypochlorite and then washed with distilled water. Teliospores
of N. indicawere removed by rupturing the pericarp of infected grains and sprinkled on
sterile distilled water in petri dishes incubated at-29C. After 10 days of incubation, the
germinating teliospores were streaked on potato-dextrose-yeast extract (PDYE) agar slants
to raise pure cultures ™. indica(14).

The filter-sterilized solutions of ABA, DFMO and ornithine were added to sterile
PDYE broth to obtain required concentrations for studying their effect on growth and
morphogenesis ilN. indica Such amended broth media were dispensed aseptically into
100 ml Erlenmeyer flasks (25 ml of medium in each). The control treatment consisted of
culture medium (PDYE broth) without any amendment. The medium was inoculated with
2-mm-diam inoculum bits from actively sporulating cultures and incubated°&t & 15
days. There were six replications per treatment and all experiments were repeated twice.

The observations on number of sporidia/ml were taken with a hemocytometer. Dry
weight of the fungal mycelium was recorded after drying &t®@ constant weight. The
effect of different ABA concentrations on teliospore germination was studied by floating
teliospores on ABA-amended sterile distilled water and incubating-a120 as described
above. The germination counts were taken after 10 days of incubation.

Scanning electron microscope (SEM) studies

For SEM studies, control and ABA (10M)-treated mycelial culture (15 days old) of
N. indicawere fixed in 2% glutaraldelyde (0.05 M cacodylate buffer, pH 7.2, 248)4
followed by dehydration in an ethanol series and critical point drying. The mycelia were
mounted on an aluminum stab with carbon tape and coated with gold. Specimens were
critically examined with a Jeol J.S.M.-6100 SEM at 15 kv. Photomicrographs were taken
on Indu (120x 35 mm) film.

Determination of polyamines

Extraction and determination of polyamines from 15-day-old mycelial cultures were
performed according to Szczotka (16). Mycelial cultures were extracted in 5% (v/v) cold
HCIO, at a ratio of approximately 100 mg/ml HCJ@nd centrifuged for 15 min at 9,000
0. The sediments were suspended, centrifuged and the supernatants pooled and transferred
to Dowex-50 WX-4 (200—400 mesh) columns (204 mm). The columns were washed
with 40 ml of 0.1 M sodium-phosphate buffer (pH 8.0, in 0.7 M HCI) followed by 10
ml of 1N HCI. The polyamines were eluted with increasing concentrations of 5 ml HCI:
putrescine 2 M HCI, spermidine 3 M HCI and spermine 4 M HCI. After evaporation
of eluates to dryness, each sample was dissolved in 0.5 ml of water and pO€tions
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were placed on filter paper, dried, and sprayed with ninhydrin reagent comprising 1.0 g
ninhydrin, 0.1 g cadmium acetate, 10 ml water, 5 ml acetic acid and 85 ml acetone. The
spots became red after heating af@0for 60 min. Spots were extracted with 3 ml of
solvent consisting of 0.2 g cadmium acetate, 10 ml water, 40 ml ethanol, and 50 ml acetic
acid. Extraction was done at room temperature for 30 min, and absorbance was measured
at 505 nm.

RESULTS AND DISCUSSION

In the present study, we have shown that the addition of 1 mM DFMO to culture
medium resulted in a tenfold reduction of sporidial formation which was restored by co-
application of ornithine (10 mM) (Table 1), implying an essential role of polyamines in
morphogenesis oN. indica as reported previously (15). In fungi, the initial step in
polyamine biosynthesis is the decarboxylation of ornithine to form putrescine, catalyzed
by the enzyme ornithine decarboxylase (20). Apparently, ornithine is also acting as the
precursor to polyamine biosynthesishh indicacultures, as its supplementation in the
medium could reverse the effect of DFMO (Table 1). However, it is probable that the
growth enhancement effect may be ascribed in part to the extra nitrogen availability. It
is likely that a naturally occurring growth regulator could inhibit polyamine metabolism in
a similar manner to DFMO. Alterations in the levels of plant growth substances in dwarf
bunt-infected wheat plants have been reported (10,17,18). To investigate such a possibility,
the inhibitory activity of potential bioregulators could be studiedslitro in fungal cultures.

TABLE 1. Effects of D,Le-difluoromethylornithine (DFMO) and ornithine, alone and in
combination, on growth and sporidial formationéovossia indicaultures

Treatment Mycelial dry Number of sporidia/
weight (mg) ml of growth medium

1 mM DFMO 67a 0.2x 10°a

10 mM ornithine 114c 4.% 10°c

1 mM DFMO + 10 mM ornithine 97b 2.k 10°b

Control 100b 2.6< 10°b

Within columns, means followed by the same letter do not differ significanf®=at05.

TABLE 2. Effects of ABA on growth and developmentiEovossia indicaultures

ABA treatment Mycelial dry Number of sporidia/ Teliospore
weight (mg) ml of growth medium germination (%)
10 uM 75b 2.5x 10'b 0.52a
50 uM 64a 1.0x 10%a 0.47a
100 M 0 0 0
None (control) 234c 2.7% 10°c 16.20b

Within columns, means followed by the same letter do not differ significan®=at05.
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Fig. 1. SEM of 15-day-old mycelial cultures dfeovossia indicdA, 10 uM ABA; B,
untreated).
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The present study revealed an important role for ABA as a potent inhibitor of growth,
sporidiogenesis and teliospore germinatior\bfindicaunder culture conditions (Table
2). A few germinated teliospores which could be observed in ABA-amended medium did
not bear any sporidia at allg., the promycelium remained abortive (visual observations).
ABA at 100 M and above completely suppressed the pathogen giiowtitro (Table 2).
It should be remembered that ABA has been implicated in the resistance to infection by
many viral, bacterial and fungal pathogens (6).

In view of the important role of polyamines in growth and development oindica
(15), the effect of ABA on polyamine levels of 15-day-old cultures was studied. It is worth
noting that 10uM ABA application resulted in markedly reduced endogenous levels of
different polyaminesi.e., putrescine, spermidine and spermine (Table 3). The amounts of
spermidine and spermine were comparatively higher and showed a greater per cent decline
than putrescine. To the best of our knowledge, such an effect of ABA on fungal polyamine
biosynthesis has not been shown previously. Further work on reversal of ABAs effect by
exogenous polyamines applied singly or in combination is being pursued in our laboratory.

TABLE 3. Effects of 10uM ABA treatment on polyamine levels dfeovossia indica
cultures

ABA treatment Polyamine contentgd/g dry weight)

Putrescine Spermidine Spermine
10uM 181.5+7.8 458.2:12.3 538.413.4
None (control) 298.99.9 1015.4-18.4 1041.218.6

An additional factor which may be involved in growth inhibition is the loss of cellular
turgidity by mycelial hyphae oN. indicacultured in the presence of 1M ABA. The
water content of ABA-treated cultures fell to 13% from the control value of 70% in
untreated cultures. This was corroborated by SEM observations wherein the ABA-treated
cultures showed extremely shrunken and squeezed hyphae, in marked contrast to the turgid
hyphae of the untreated control (Fig. 1). Evidence has been presented that exogenous
ABA controls seed germination by limiting water uptake to embryos (12) and possibly
affects cell wall extensibility (13) or membrane rigidity (7) by a biophysical interaction
with phospholipids.

Collectively, our results indicate that ABA acts as a potent inhibitor of growth and
development iN. indicaby affecting water relations and polyamine metabolism. Genetic
variation in wheat ABA levels and/or responsiveness may be one of the possible strategies
to combat this pathogen.

REFERENCES

1. Asare-Boamah, N.K., Hofstra, G., Fletcher, R.A. and Dumbroff, E.B. (1986) Triadimefon
protects bean plants from water stress through its effects on abscisidéaid.Cell Physiol.
27: 383-390.

2. Bedi, P.S. (1988) Advances in the study of Karnal bunt of wheat — An overRiant Dis. Res.
3: 1-88.

3. Bennedra, T., Picard, C., Petit, A. and Nesme, X. (1995) Correlation between susceptibility to
crown gall and sensitivity to cytokinin in Aspen cultivaRhytopathology5: 225-231.

Phytoparasitica?5:2, 1997 115



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

116

. Fletcher, R.A. and Hofstra, G. (1985) Triadimefon, a plant multiprotec®dant Cell Physiol.

36: 821-827.

. Foster, S.A. and Walters, D.R. (1990) The effects of polyamine biosynthesis inhibitors on

mycelial growth, enzyme activity and polyamine levels in the oat-infecting fuRywsnophore
avenae. J. Gen. Microbiol 36: 233-239.

. Fraser, R.S.S. (1993) ABA and plant responses to pathomgen3dones, H.J. and Davies, W.J.

[Eds.] ABA: Physiology and Biochemistry. pp. 189-199. Bios Scientific Publishers, Oxford,
UK.

. Leshem, Y.Y., Copcaru, M., Margel, S., El-Ani, D. and Landau, E.M. (1990) A biophysical

study of abscisic acid interaction with membrane phospholipid compondats.Phytol 116:
487-498.

. Macko, V. and Novacky, A. (1964) Indoleacetic acid oxidase in winter wheat infected with

dwarf bunt.Naturwissenschafte®il: 562-563.

. Mur, L.AJ., Naylor, G., Warner, S.A.J., Sugars, J.M., White, R.F. and Draper, J. (1996)

Salicylic acid potentiates defence gene expression in tissues exhibiting acquired resistance to
pathogen attacklant J.9: 559-572.

Pegg, G. (1982) The involvement of growth regulators in the diseased iplatyers, P.G.

[Ed.] Effects of Disease on the Physiology of the Growing Plant. pp. 149-177. Cambridge
University Press, Cambridge, UK.

Rajam, M.V., Weinstein, L.H. and Galston, A.W. (1989) Inhibition of uredospore germination
and germ tube growth by inhibitors of polyamine metabolisnJiomyces phaseoli. Plant

Cell Physiol.30: 37-41.

Sclopfer, P. and Plachy, C. (1984) Control of seed germination by abscisic acid. Il. Effect on
embryo water uptake iBrassica napus. Plant Physiol.76: 155-160.

Sclopfer, P. and Plachy, C. (1985) Control of seed germination by abscisic acid. lll. Effect
on embryo growth potential (minimum turgor pressure) and growth coefficient (cell wall
extensibility) inBrassica napu&. Plant Physiol.77: 676-686.

Singh, P.P. and Bedi, P.S. (1987) Effect of different physical and cultural factors on the growth
and sporidiation oNeovossia indica. Indian PhytopathdlO: 540-542.

Singh, P.P.,, Singh, S., Basra, A.S. and Bedi, P.S. (1989) Inhibition of mycelial growth and
sporidial formation in the wheat pathogéweovossia indicaby a polyamine biosynthetic
inhibitor. Phytoparasitical 7: 323-326.

Szczotka, Z. (1984) Polyamine changes in seeds during ageing in controlled conditians.
Physiol. Plant6: 127-137.

Trione, E.J. and Sayavedro-Soto, L.A. (1988) Wheat development enhanced by hormone
syndromeBot. Gaz.149: 317-324.

Trione, E.J., Stockwell, V.O. and Austin, H.A. (1988) The effects of polyamines on the growth
and development of the wheat bunt furigot. Gaz.149: 173-178.

Vanickova-Zemlova, D., Liebisch, H.W. and Sembdner, G. (1981) Role of gibberellins and
endogenous inhibitors in the pathogenesis of dwarf smut infected winter wBieghem.
Physiol. Pflanz176: 291-304.

Walters, D.R., Wilson, P.F.F. and Shuttleton, M.A. (1985) Relative changes in levels of
polyamines and activities of their biosynthetic enzymes in barley infected with the powdery
mildew fungus,Erysiphe graminiDC. ex Merat f.sphordei Marchal. New Phytol.101: 695-

705.

P.P. Singtet al.



