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ABSTRACT. The ability of different fungal isolates i.e. Fusarium oxys-
porum and four species of Verticillium viz V. alboatrum, V. dahliae, V.
tricorpus and V. nubilum to produce endo and exopolygalacturonase (PG)
in vitro was investigated. The activity of endo-PG by these isolates in pectin
salts medium “cup plate” assay, was negative. Active staining of
exopolygalacturonase resolved by paper chromatography revealed a de-
gree of variation in enzyme secretion within the isolates, V. dahliae showed
a common pattern of exopolygalacturonase enzyme. A pathogenicity test
was conducted using Antrirrhinum majus seedlings and polygalacturonase
secretion is discussed in relation to pathogenicity loss.

Introduction

Most plant pathogens secrete enzymes throughout their existence or upon contact
with a substrate. Penetration of pathogens into the cell through the cell wall is
brought about by the breakdown of the cell wall by action of these enzymes. The ac-
tion of pectolytic enzymes has been investigated by several workers!"?, who found
that most of the pathological fungal and bacterial manifestations included enzymes
involved in the degradation of the pectic constituents of cell walls in plant tissue. In
addition, the relationship between pectic enzyme and vascular wilt disease, blockage
and middle lamella maceration was reported by Cooper and Woodl!l. Mussel and
Strousel®! found that the endo-polygalacturonase (endo-PG) is 20 times more effi-
cient than the exo-polygalacturonase (exo-PG) in inducing tomato wilt. V. dahliae
Kelb and V. dahliae. alboatrum Rembe & Berth cause vascular wilt diseases in a wide
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range of wild and cultivated plant species!*! Cooper et al.F! reported the degradation
of cell walls of tomato cultivars by polygalacturonase of Fusarium oxysporum fsp
lycoperiscum and V. alboatrum.

Correlations of in vitro production of péctic enzymes with pathogenicity have been
repeatedly pointed out®) many attempts to achieve this correlation have been re-
ported, and the results are as contradictory as would be expected. In vitro production
of pectic enzymes by vascular pathogens depends on the isolates used” and can be in-
fluenced by the composition of the culture medium and the age of the cultures at the
time of harvest!®l. With respect of V. alboatrum, the situation is further compounded
by the fact that the fungus produces both an endo-PG and an exo-PG in culturel>*!
and relative amounts of these two enzymes produced vary with the isolate examined
and the culture medium used®®!.

Four species of Verticillium and F. oxysporum were used in the work described
below which deals with their endo and exo-PG production and their role in
pathogenesis.

Material and Methods

Five different fungal isolates i.e. Fusarium oxysporum and four species of Verticil-
lium viz V. alboatrum, V. dahliae, V. tricorpus and V. nubilum were kept in a re-
frigerator at 4°C for eight months before used in this study. Their names, locations
and sources are given in Table 1. The five isolates were grown on Czapek-Dox agar at
25°C and stocks were maintained at 4°C on corn meal agar slopes.

TaABLE 1. Sources of different fungal isolates.

Species Locations Host plants
Fusarium oxysporum Saudi Arabia Tomato
Verticillium alboatrum Netherlands Potato
Verticillium dahliae Netherlands Sunflower
Verticillium tricorpus Netherlands Potato
Verticillium nubilum Netherlands Potato

Polygalacturonase was induced in 250 ml Erlenmeyer flasks containing 100 ml
basal salts solution and citrus pectin (0.5% w/v) as sole available carbon source.

To enhatice recovery of PG, cultures were grown at pH 5.0 with the non-
metabolizable buffer Z-(N-morpholino) ethanosulphuric acid (MES) (0.05 m).
F!asks were inoculated with two 5 mm agar plugs, removed from 7-14 days Czapek-
Doxplates, and incubated on a rotary incubator (150 rev. min —1, 25°C) for 7 days.
Culture filtrates were passed through Whatman No. 1 filter paper and centrifuged
(4000g, 10 min) to remove conidia and mycelia.

“Cup_ plate” assay!'”! was used for (endo-PG) detection. Hexa decyltrimethl
bromide was added when a clear zone did not appear for 5-10 minutes. The method
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for (exo-PG) activity using the paper chromatography technique was adopted as the
procedure devised by Batemanl'!],

To test the pathogenicity of these isolates, seeds of Antirrhinum majus (mixed var-
iety) were pregerminated in sterilized sandy soil. After three weeks the identical
seedlings were uprooted and suspended in spore suspensions. The spore suspensions
were made by submerging ten - day - old petri dishes cultures growing on PDA of the
candidate isolates, in sterilized water. For control, seedlings were suspended in dis-
tilled and sterilized water. -

Results and Discussion

Results were obtained from experiments designed to determine the presence of
certain pectolytic enzymes, particularly endo-PG and exo-PG on a pectinic salt
medium (Table 2).

Negative results were obtained using “cup plate” assay for the detection of endo-
PG (Table 2). This is not in agreement with the results of other investigators who im-
plicated secretion of endo-PG in the pathogenicity of many fungil'>7-11391,

Verticillium species and Fusarium oxysporum are phytopathogenic fungi causing
vascular wilt diseases in wide range of cultivated plant species. V. alboatrum and V.
dahliae are of great importance and most of researchers have been concentrated on
these species of Verticillium!'l. The reason to use these four isolates of Verticillium
and one isolate F. oxysporum to evaluate the role of polygalacturonase in
pathogenesis was that in a recent experiment (Bahkali, unpublished data), found
that V. dahliae, V. alboatrum and V. tricorpus he used for the past studies had lost
pathogenicity when he tried to correlate the degree among the species. So experi-
ments were designed to determine the presence of certain pectolytic enzymes, par-
ticularly endo-PG and exo-PG (Table 2) during the growth of different fungal iso-
lates (Table 1) on a pectinic medium. Negative results were obtained using “Cup
plate” assay for the detection of endo-PG (Table 1). While detection of exo-PG using
paper chromatography (Table 2 and Fig. 1) showed that this enzyme secreted only by
a single isolate, V. dahliae. :

TABLE 2. Pectolytic enzymes detection in vitro for different fungal isolates

Endo- Pc Exo-PG

Species
Cup plate Paper
chromatography

Fusarium oxysporum - -
- Verticillium alboatrum I -
Verticillium dahliae - +
Verticillium tricorpus - -
Verticillium nubilum - -
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These findings interested us to see if the loss of pathogenicity was resulted from
similar alterations in exo-cellular enzymes levels. Enzyme data assay showed that the
endo-PG and exo-PG which activities are negative except for exo-PG of V. dahliae
(Table 2) did not produce any symptoms. This is not in agreement with other findings
since the production of endo-PG has been associated with virulence in several plant
pathogenic fungil!27:1516.1.13.9

The finding that these isolates neither produced endo-PG in axenic culture nor
gave rise to symptoms in seedlings of Antirrhinum majus could be considered as good
indications that those isolates lost their pathogenic activities under long storage con-
ditions. '

g
V.dahliae V.alboairum Standard

FiG. 1. Paper chromatography test showing exo-PG activity after 8 hours of inoculation.



Relationship Between Extracellular Polygalacturonase.

References

[1] Cooper, R.M. and Wood, R.K.S., Cell wall-degrading enzymes of vascular wilt fungi. Physiol. Plant
Pathol. 16: 285 (1980). .

[2] Barash, L.E. Zilberman and Marcas, L., Purification of Geotrichum candidum endo-PG from culture
and from host tissue. Physiol. Plant Pathol. 25: 149 (1984).

[3] Mussell, H.W. and Strouse, B., Characterization of two polygalac. Cand. J. Biochem. 50: 625 (1972).

[4] Synder, W.E. and Nash Smith, S., Current status in fungal wilt diseases of plants (Mace, M.F., Bell,
A.A. & Beckman, C.H. (ed.)), pp. 25-50. New York Academic Press (1978).

[5] Cooper, R.M., Rankin, B. and Wood, R.K.S., Cell wall-degrading enzymes of vascular wilt fungi. 11.
Properties and modes of action of polysaccharidases of Verticillium alboatrum and Fusarium oxys-
porum £. sp lycoporsici. Physiol. Plant Pathol. 13: 101 (1978).

[6] Puhalla, J.E. and Howell, C.R., Significance of endopolygalacturonase activity to symptom expres-
sion of Verticillium wilt in cotton, assessed by the,use of mutant of Verticillium dahliae. Physiological
Plant Pathol. 7: 147 (1975).

[7] Talboys, P.W. and Busch, L.V., Pectic enzymes produced by Verticillium species. Trans. Br. Mycol.
Soc. 55: 367 (1970).

[8] Mussell, H.W., Endopolygalacturonase: Evidence for involvement in Verticillium wilt of cotton
Phytopathology. 63: 62 (1973).

[9] Bahkali, A.H., Degradation of date palm ( Phoenix dactylifera L.) cell walls by extracellular pectoly-
tic enzymes produced by Verticillium alboatrum, Verticillium dahliae. J. Trop. Plant Dis. 5: 165
(1987).

{10] McComb, E.A. and McCredy, R.M., Use of the hydioxamic acid reaction for determining pectines-
terase activity. Stain Technol. 33: 129 (1985).

[11] Bateman, D.F., The polygalacturonase complex produced by Sclerotium rolfsii. Physiological Plant
Path. 2: 175 (1972).

[12] Mussell, H.W. and Green, R.J., Production of PG by Verticillium alboatrum and Fusarium oxys-
porum . sp Lycoerisiciu in vitro. Phytopathol. 58: 1061 (Abst.) (1968).

[13] Wick, R.L. and Schroedder, In vitro production of pectolytic and cellulytic enzymes by Fusarium
tricinetum Mycologia 74: 460 (1982).

[14] Isaac, L., Specialization in Verticillium Ann. Rev. Phytopathology. 5: 201 (1967).

[15] Bateman, D.F. and Basham, H.G., Degradation of plant cell walls and membranes by microbial en-
zymes. In: Heitefuss, R. and Williams, P.H. (eds.) Physiol. Plant Pathol., Enc. Plant Physiol. 4: 316
(1976).

[16] Anderson, A.J., Extracellular enzymes produced by Collectorichum lindemuthianum and Helmin-
thosporium maydis during growth on corn isolated bean and corn cell walls, Phytopathology, 68: 1585
(1978).



44 A.H. Bahkali et al.

Oy (55l Ll g5 dsdl ar ;W1 551 8N
alsll s hdll YA 3 s Ul sl Y

S N s il il ) Ll e ¢ S o I A e S
Seran J.\l&\ z.ut\>- 3 ()1&“ 3.:\5 3 21:._3.\3\ :-\.,?N\, Q\.:L.“ (......3

LEVE PRVEYWN.{ JUp Y% YU VIR AT CR JR R JRV AR P ERCN S EL
e B BT L I SRS 5- I U ERNPR- T R WP R
Gt L 0LS) - Lhaall Ol 3 bty Jst it S -0
Yl oan Of 4y Ul “cup plate” &, ,b plzals SV Al oda (4 i) S
569055 Lo o 5Y Uorge WLty el (A6 @ deid y J1s oo Jto
- sty S ol T b plasaaaly U3y oy

b 5oigo s J gl 5130 ol A23le By M L Sl e L e 1 sl
Cia M et e Oluzsy laz,



