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Abstract

Fungi, with spores characteristic of the genus Alternaria, were isolated 

from necrotic lesions on leaves of cabbage, cauliflower, Chinese kale and 

choi-sum, growing in Thailand, and were proved by Koch’s postulates to be 

the causal agents of a disease known as dark leaf spot. All isolates 

corresponded in morphology to descriptions of Alternaria brassicicola and the 

identification was confirmed by analysis of the internal transcribed spacer 

(ITS)1, 5.8S gene and ITS2 regions of rDNA, the nucleotide sequences of all 

isolates tested (two isolates from each of the host plants) being identical to 

each other and to the published sequence of a known isolate of A. 

brassicicola. Comparisons of the ITS1 and ITS2 sequences of A. brassicicola 

with published sequences of these regions from other species of Alternaria 

showed that the fungus was closely related to two other pathogens of 

brassicas, A. brassicae and A. raphani.

Culture filtrates of isolates of the fungus from each host, grown on a 

defined medium consisting of Czapek-Dox nutrients supplemented with 

cations, were toxic to cells isolated from the four host plants. Filtrates from
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the cabbage isolate tested on cabbage cells gave the highest toxin titres and 

those from the cauliflower isolate the least on all cell types. Among the other 

combinations filtrates of the choi-sum isolate were most toxic to choi-sum 

cells while those of the Chinese kale and cauliflower isolates were most toxic 

to cells of choi-sum and cabbage, respectively.

Since the highest titres were obtained for the combination of filtrates 

from cabbage isolates and cabbage cells, this experimental system was used 

in studies of the toxic factors. Up to half the activity of filtrates was retained 

by a dialysis membrane and the remainder was diffusible and partitioned into 

ethyl acetate. Purification of the ethyl acetate fraction by solid phase 

extraction on a 0-18 cartridge, flash chromatography on a pre-packed 0-18 

cartridge, high performance liquid chromatography on an CDS column and 

thin layer chromatography on silica gel led to the isolation of four toxic 

compounds with characteristic UV and mass spectra.
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CHAPTER 1

Introduction

This thesis examines the cause of a severe disease, known as dark 

leaf spot, which affects economically important vegetables of the genus 

Brassica grown in Thailand. The ability of the pathogen to damage hosts 

through the production of toxic metabolites is also demonstrated.

Species of the genus Brassica are important vegetable crops grown 

around the world but their production is often limited by diseases. Among 

them, diseases caused by the fungal genus Aiternaria appear to be common, 

affecting most brassicas wherever they are grown (Weimer, 1924; 

Holtzhausen and Knox-Davies, 1974; Petrie, 1974; Babadoost and 

Gabrielson, 1979; Wu, 1979; Maude and Humpherson-Jones, 1980; Sherf 

and Macnab, 1986; Sivapalan and Browning, 1992; Sontirat et al., 1994; 

Tohyama and Tsuda, 1995). Losses occur through reduction in yield, quality 

and germination of seed, damping-off of seedlings and the spotting of leaves, 

inflorescences and roots (Sherf and Macnab, 1986).
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Chapter 1 /Introduction

In Thailand, brassicas are also economically important and are widely 

attacked by Alternaria. The diseases have caused uncontrollable losses 

causing an increasing number of farmers to turn to growing other types of 

plants such as fruit trees and ornamentals (Subhadrabandhu and Piluek, 

1988). My observation of the brassica crops in the northern region of 

Thailand, which is the major production area of the country, suggested that 

there was a high incidence of the diseases since they were present in 

virtually every field of brassicas. Symptoms range from small spots appearing 

specifically on old leaves through cases in which some spots also occur on 

young leaves and inflorescences, thus diminishing the market value of edible 

parts of the plant, to complete crop destruction.

The diseases have acquired a wide variety of names reflecting the 

symptoms caused and the parts of the plant affected. Such names are:

(i) leaf-spot (Weimer, 1924), Alternaria leaf spot, black mould, black spot, 

grey leaf mould (Sherf and Macnab, 1986), black leaf-spot, dark leaf-spot, 

grey leaf spot (Hodgkin and MacDonald, 1986) where lesions appear on 

the leaf;

(ii) head rot of cabbage and brown rot of cauliflower (Weimer, 1924) where 

lesions occur on inflorescences; and

(iii)stem-spot and pod-spot (Williams, 1985) where stem and seed-pods are 

infected, respectively.

As this thesis examines Alternaria diseases of brassicas that appear on 

leaves and in which the lesions are dark brown to black in colour, they will be 

cited hereafter only as “dark leaf spot” to avoid confusion.

-21  -



Chapter 1 /Introduction

Necrotic lesions on the diseased leaves were suspected to be caused 

by toxins since it is known that some Alternaria spp. damage their hosts by 

producing toxins (Bains and Tewari, 1987; Otani at a!., 1995). Several toxins 

isolated from the fungi play important roles in pathogenicity by affecting the 

physiological responses and the structural components of their hosts, such as 

the plasma membrane, chloroplasts and mitochondria. Additionally, 

disordered plasma membranes lead to the accessibility of the plant to the 

invading fungi (Otani at a!., 1995). Although much is known about toxins 

produced by the fungal genus Aitarnaria, the studies of toxins have been 

focused mainly on A. altarnata (Fr.) Keissler. Little is known about those of 

species which attack brassicas.

The following sections provide an overview of the study in this thesis 

by briefly introducing the vegetable genus Brassica and the fungal genus 

Aitarnaria, describing the diseases of brassicas caused by Aitarnaria and 

finally reviewing the fungal toxins that have been implicated in pathogenicity, 

including those synthesized by species of Aitarnaria.
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Chapter 1 /  Introduction

1.1 THE PLANTS

1.1.1 The genus Brassica

The genus Brassica belongs to the family Cruciferae whose general 

botanical description is as follows:

“Annual or biennial, rarely perennial herbs, native of the north 

temperate parts of the Old World, especially in the Mediterranean 

region. All have tap-roots, which may be fleshy; stems erect or 

ascending, glabrous or with simple hairs; lower basal leaves often 

pinnatifid with large terminal lobe (lyrate); inflorescence an 

ebracteate raceme; sepals erect, inner pair often saccate at base; 

petals long-clawed, usually yellow; stamens 6; stigma usually 

capitate; fruit a siliqua with convex valves, tipped by an 

indéhiscent and usually seedless beak; seeds in a single row in 

each loculus, spherical; cotyledons obcordate, emarginate” 

(Purseglove, 1968; p. 90).

Since brassicas originate from countries with temperate conditions, the

majority of them grow well in cool and moist climates. However, many of them 

are also grown in the tropics, some extensively. Most of the brassicas are 

cross-pollinated by insects, therefore, seed production plots should be 

separated from each other by at least 0.4 km to avoid cross-pollination 

(Purseglove, 1968).

The genus Brassica consists of several species namely B. aiba (white 

mustard), B. campestris (field mustard), B. chinensis (Chinese cabbage and 

Pak-Choi), B. juncea (leaf mustard), B. napobrassica (rutabaga and swede), 

B. napus (rape), B. nigra (black mustard), B. oleracea (wild cabbage), and B. 

rapa (turnip).
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Chapter 1 /  Introduction

Four of the brassica crops that are widely grown and consumed in 

Thailand are briefly described below:

Cabbage : Brassica oleracea L. var. capitata L.

Thai name: Kalum Plea.

Other names: Cabbage (common name); Chou Pomme or Chou Cabus (Fr.); 

Sluitkool (Neth.).

Cabbage originated in Southern Europe and the Mediterranean region 

but is now widely distributed throughout the world in areas such as East Asia 

(China, Japan, North and South Korea, Indonesia, Thailand), India, Europe 

(Poland, Germany, Romania), Africa, USA and the Caribbean. It is described 

as “a biennial, with a short thickened stem surrounded by a series of 

overlapping expanded leaves in whorls which form a compact head; head 

shape may be pointed or round; leaf colour and shape is very variable and 

may be green or red, smooth or crinkled, particularly the Savoy cabbages 

which have deeply wrinkled dark green leaves” (Tindall, 1983).

Cauliflower : Brassica oleracea L. var. botrytls L.

Thai name: Kalum Dok.

Other names: Cauliflower (common name); Chou-fleur (Fr.); Bloemkook (Neth.).

Cauliflower originated in the Mediterranean region but is now 

cultivated throughout Europe, the USA and Asia. Botanical description: A 

biennial, normally grown as an annual. The edible portion, or curd, consists 

of a mass of abortive flowers on thick hypertrophied branches which are
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Chapter 1 /  Introduction

produced at the top of a short, thick stem. Leaves are long and elliptical; the 

outer ones are often broken and folded or tied over the curd to prevent 

sunscald (Tindall, 1983).

Chinese kale : Brassica alboglabra Bailey (Herklots, 1972)

Thai name: Ka Na.

Other names: B. oleracea var. alboglabra (Bailey) Sun; B. oleracea var. acephala 

(DC.) Alef.; B. oleracea var. alblflora O. Kunze; Kaai laan or Kai Ian (Chinese); 

Chinese kale (common name).

The type of Chinese kale which is grown in Thailand is also widely 

cultivated in other South-East Asian countries and is different from the crop 

known as kale in England. It was originally described by Bailey in 1922 as, “A 

distinct looking annual plant, with its glaucous character, glabrous foliage, 

oval leaves which are petioled or not clasping, elongated inflorescence and 

large white flowers” (Figure 1.1). In Thailand, a short, thick-stemmed, smooth

leaved, white-flowered form is cultivated. It is harvested and sold when the 

first flower buds begin to open. The water content in Chinese kale is lower 

than most brassicas but the calcium, iron and the vitamin A precursor are 

relatively high (Herklots, 1972).
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Choi-sum : Brassica chlnensis var. parachinensis (Bailey) Tsen & Lee 

(Herklots, 1972)

Thai name: Kwang Tung.

Other names: B. parachinensis Bailey; Chinese flowering cabbage; Paak ts’oi sum 

(Chinese); Choi-sum (common name).

Choi-sum has been grown widely in South-East Asia for its leaves and 

crispy stem which are also harvested and sold as the yellow flowers begin to 

open. It is an annual or biennial plant with rounded radical leaves usually not 

lobed, stem leaves narrow not clasping and is 12-14 inches high when 

flowering (Herklots, 1972; Figure 1.2).

The genus Brassica contains an important range of crops providing 

vegetables, oilseed, animal feed and cover crops. All parts of the plant are 

useful such as leaves, buds, inflorescences, stems and roots. Although their 

nutritional value is relatively low, as compared to other major types of food, it 

is, in general, considerably higher than other vegetables (Table 1.1). 

Brassicas are usually consumed in large portions and therefore make 

significant contributions to the intake of vitamins as they particularly contain 

carotenoids, vitamin 0  and folates. In addition, they also have a range of 

trace elements absorbed from the soil.
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Figure 1.1 Chinese kale : Brassica alboglabra Bailey.
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Figure 1.2 Choi-sum : Brassica chlnensis var. parachinensis (Bailey) Tsen & Lee.
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Table 1.1 Composition of selected types of food per 100 g (continued next page...)

Water
(a)

Energy
(kcal)

Protein
(g)

Fat
(g)

Total sugars 
(g)

Carbohydrate
(g)

Dietary fibre 
(g)*

Potassium
(mg)

Calcium
(mg)

Iron
(mg)

Bread: Wholemeal 38.3 215 9.2 2.5 1.8 41.6 7.4 230 54 2.7
Bread: White 37.3 235 8.4 1.9 2.6 49.3 3.8 110 110 1.6
Whole milk 87.8 66 3.2 3.9 4.8 4.8 0 140 115 0.06
Egg 75.1 147 12.5 10.8 Trace Trace 0 130 57 1.9
Beef 74.0 123 20.3 4.6 0 0 0 350 7 2.1
Pork 71.5 147 20.7 7.1 0 0 0 370 8 0.9
Cod 82.1 76 17.4 0.7 0 0 0 320 16 0.3
Apples: Eating 84.5 47 0.4 0.1 11.8* 11.8 (2.0) 120 4 0.1
Clementines 87.5 37 0.9 0.1 8.7 8.7 (1.7) 130 31 0.1
Cabbage^ 93.1 16 1.0 0.4 2.0 2.2 (2.3) 120 33 0.3
Cauliflower^ 90.6 28 2.9 0.9 1.8* 2.1® 1.6 120 17 0.4
Curly kale^ 90.9 24 2.4 1.1 0.9 1.0 (2.6) 160 150 2.0
Broccoli^ 91.1 24 3.1 0.8 0.9* 1.1® N 170 40 1.0
Brussel sprouts^ 86.9 35 2.9 1.3 3.0* 3.5® 2.6 310 20 0.5
Carrot: Young 90.7 22 0.6 0.4 4.2* 4.4® 2.7 160 30 0.4
Peas 75.6 79 6.7 1.6 1.2* 10.0® 4.7 230 19 1.5
New potatoes 80.5 75 1.5 0.3 1.1 17.8 1.2 250 5 0.3
' = Vegetables of the genus Brassica] 0 = None of the nutrient is present; N = The nutrient is present in significant quantities but there is no reliable 
information on the amount; ( ) = Estimated value; IFR = Institure of Food Research, Norwich; * = Calculated by Southgate method 
® = Levels ranged from 9.5 to 13.0 g ;^  = Levels ranged from 3 to 20 mg;  ̂= Average figures: The amount of carotene in leafy vegetables depends 
on the amount of chlorophyll, and the outer green leaves may contain 50 times as much as inner white ones;  ̂= Not including oligosaccharides; ® = 
Including oligosaccharides 
Source: Holland etal. (1991)
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Table 1.1 Composition of selected types of food per 100 g (...continued from previous page)

Retinol
(mg)

Carotene
(mg)

Thiamin
(mg)

Riboflavin
(mg)

Niacin
(mg)

Folate
(mg)

Vitamin C 
(mg)

Description

Bread: Wholemeal 0 0 0.34 0.09 4.1 39 0 Average of 3 types of wholemeal bread
Bread: White 0 0 0.21 0.06 1.7 29 0 Weighted average of 5 main types of white bread
Whole milk 52 21 0.03 0.17 0.1 6 1 Weighted average of pasteurised, sterilised and UHT
Egg 190 Trace 0.09 0.47 0.1 50 0 Whole egg from chicken, raw
Beef Trace Trace 0.07 0.24 5.2 10 0 Lean from 6 different cuts, raw
Pork Trace Trace 0.89 0.25 6.2 5 0 Lean from 3 different cuts, raw
God 2 Trace 0.08 0.07 1.7 12 Trace Samples from 3 different shops, raw, fillets
Apples: Eating 0 18 0.03 0.02 0.1 1 6 ' Average of 15 varieties, flesh and skin, raw
Clementines 0 75 0.09 0.04 0.3 33 54 10 samples, flesh only
Cabbage^ 0 210'' 0.08 0.01 0.3 29 20 Average of January King, Savoy, summer and white, boiled in 

unsalted water
Cauliflower^ 0 60 0.07 0.04 0.4 51 27 IFR, florets only, boiled in unsalted water for 13 min
Curly kale* 0 3375 0.02 0.06 0.8 86 71 IFR, main ribs and stalks removed, shredded and boiled in 

salted water for 7 min
Broccoli* 0 4.75 0.05 0.05 0.7 64 44 IFR, tough stems removed and cut into florets, boiled in 

unsalted water for 15 min
Brussel sprouts* 0 60 0.07 0.09 Trace 110 60 IFR, base trimmed, outer leaves removed, boiled in unsalted 

water for 15 min
Carrot: Young 0 4425 0.05 0.01 0.1 17 2 IFR, ends trimmed, scrubbed, sliced and boiled in unsalted 

water for 15 min
Peas 0 250 0.70 0.03 1.8 27 16 IFR, whole peas, no pods, boiled in unsalted water for 20 min
New potatoes 0 Trace 0.13 0.02 0.4 19 9 IFR, flesh only, boiled in unsalted water for 20 min
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Apart from providing a rich and varied source of minerals and vitamins, 

brassicas also possess compounds which prevent cancer.

1.1.2 Anticarcinogenic compounds in Brassicas

Recently, there has been an increased interest in the anticancer 

characteristics of brassicas. Brassica vegetables have been reported to 

contain relatively high concentrations of anticarcinogenic agents which may 

decrease the risk of cancer. They are glucosinolates which are a group of 

compounds consisting of a major skeleton of p-D-thioglucose, a sulfonated 

oxime and a side chain (Figure 1.3). Glucosinolates are generally broken 

down into active isothiocyanates (ITCs) by myrosinase, an enzyme released 

from damaged cells of brassicas (Figure 1.4). Some of the glucosinolates 

contain an indole group in the side chain which therefore release active 

indole-ITCs. Indole-ITCs and ITCs can influence phase 1 and phase 2 of 

carcinogen metabolism resulting in increased carcinogen excretion or 

detoxification and decreased carcinogen DNA interactions. There have been 

a number of reports suggesting their ability to reduce the formation of tumors 

in animal tests (Hecht, 1995; Verhoeven etal., 1997; Fahey etal., 1998).

Jiao et al. (1998) examined vegetables consumed in Singapore and 

found that cruciferous vegetables, the family group of brassicas, contained 

ITCs in various amounts while noncruciferous vegetables contained none. 

The cruciferous vegetables tested were:
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• broccoli (B. oleracea var. italica),

• cabbage {B. oleracea var. capitata),

’ cauliflower {B. oleracea var. botrytis),

• choi-sum (8. chlnensis var. parachinensis, also known as Chinese 

flowering cabbage),

• kai Choi {B. juncea var. rugosa, also known as mustard cabbage or 

Chinese mustard),

' kai Ian (8. alboglabra, also known as Chinese kale),

• bok Choi (8. chlnensis, also known as Chinese white cabbage),

• wong nga pak (8. pekinensis var. cylindrica, also known as celery 

cabbage) and

• watercress (Nasturtium officinale).

They were cooked in boiling water for 3 min as this is the way the vegetables 

are consumed by the population. The maximum amount of ITCs in the tested 

vegetables was found in watercress at 81.3 pmol/100 g wet weight while in 

the brassica vegetables kai choi contained the maximum ITCs (71.2 pmol/100 

g wet weight) and wong nga pak the minimum (5.6 pmol/100 g wet weight). 

Cabbage, cauliflower, Chinese kale^ and choi-sum contained 27.5, 11.6, 15.4 

and 11.1 pmol/100 g wet weight, respectively.

^Reported as kai Ian.
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R - C

N - OSO3

where R =

alkyl
alkenyl
arylalkyl
alkylthioalkyl
(3-hydroxyalkyl
indolylmethyl

Figure 1.3 Glucosinolates, the group of anticancer compounds found in Brassica species, 

contain three major groups; (i) p-D-thioglucose (S-p-D-CsHnOs), (ii) a sulfonated oxime 

(NOSO3 ) and (iii) a side chain (R).

/S - Glucose

R - C
%

N -S O ,

M YRO SINASE

H2O
R - C + Glucose

%
N - so;

R - N  = C = S + Hso;

Figure 1.4 Glucosinolates are converted into the corresponding active isothiocyanates 

through a reaction catalysed by the enzyme myrosinase.
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1.2 THE FUNGI

1.2.1 The genus Alternaria

Alternaria is a member of the Deuteromycotina and is classified as a 

Hyphomycete since its spores are not borne in structures such as acervuli or 

pycnidia. It is a dictyosporic genus of the order Moniliaies in the family 

Dematiaceae and was established by Nees in 1817, with A. alternata 

(formerly known as A. tenuis) as the type species. Its taxonomy and 

classification have been revised by many taxonomists and is considered by 

M. B. Ellis to contain 44 species (Ellis, 1971 and 1976).

Identification of fungi in the genus Alternaria is difficult since it has 

been based principally on the morphologies of spores and mycelial colonies. 

Host-plant association and disease symptoms are sometimes used to help 

identify pathogens if they are isolated from diseased plant materials. Without 

these, the difficulties increase when close species such as A. brassicicola 

and A. alternata are required to be distinguished or if the genus as a whole is 

examined. The cause of these difficulties is the range of spore dimensions 

which vary considerably and may encompass several species (See Figure 

2.1; Rotem, 1994).

1.2.2 Distribution in nature

Many species of the genus Alternaria are worldwide pathogens. For 

example, A. solani Sorauer, a pathogen of tomato and potato, is found as far
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north as Iceland and as far south as southern Chile. However, some 

pathogens such as A. sesami (Kawamura) Mohanty & Behera are more 

restricted owing to the limited cultivation of its host (Rotem, 1994). The genus 

as a whole is broadly distributed in nature and frequently identified in many 

crops such as grains, groundnuts, tomatoes, apples, oranges, lemons,olives, 

sunflowers, peppers, melons, and most member of the genus Brassica (Bruce 

et a/., 1984; El-Magraby and El-Magraby, 1988; Logrieco at a!., 1988; 

Visconti at a/., 1992). Many species of the genus cause economically 

important diseases, mostly as lesions on leaves, stems, flowers and fruits. 

Moreover, they are also notorious in causing post harvest diseases (Omar 

and Mahmoud, 1994; Serdani at a!., 1998).

Altarnaria spp. are also implicated in human diseases (Morrison and 

Weisdorf, 1993; Acland at a/., 1998). For examples, A. tanuissima was a 

complication for peritoneal dialysis causing chronic peritonitis (Rossmann 

and Cernoch, 1996). A. alternata is a potential cause for cutaneous disease 

causing ulcers in exposed areas such as legs of healthy humans although it 

mostly infects immunosuppressed patients (Acland at a/., 1998). Generally, 

Altarnaria spp. are more often recognised as allergens in asthma. They are 

widely detected in the atmosphere as air-borne spores causing respiratory 

allergies to humans in many countries including Thailand (Tuchinda and 

Theptaranon, 1976; Horner at a i, 1995; Cruz at a i, 1997; Halonen at a i, 

1997). A. alternata is the most prevalent species but others are also 

allergenic such as A. brassicicola, A. infactoria and A. tanuissima (Horner at 

a i, 1995).
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1.3 ALTERNARIA  D ISEASES OF BRASSICAS

Diseases of brassicas caused by Alternaria are diverse and potentially 

severe. They can affect almost any cultivated brassicas and are of great 

significance internationally, being reported from Australia (Sivapalan and 

Browning, 1992), Canada (Petrie, 1974), South Africa (Holtzhausen and 

Knox-Davies, 1974), Taiwan (Wu, 1979), UK (Maude and Humpherson- 

Jones, 1980) and USA (Babadoost and Gabrielson, 1979). Hosts include 

cabbage (8. oleracea var. capitata), cauliflower and broccoli (B. oleracea var. 

botrytis), Brussel sprouts (B. oleracea var. gemmifera), collards (B. oleracea 

var. acephala), kohlrabi (B. oleracea var. gongyloides), turnip (B. rapa), 

Chinese cabbage and choi-sum (B. chlnensis), mustard (B. campestris), 

Chinese kale (B. alboglabra) and rape (B. napus) (Giatgong, 1980; Sherf and 

Macnab, 1986; Sontirat etal., 1994).

1.3.1 The pathogens

Three Alternaria species have been identified as pathogenic to the 

genus Brassica:

(i) A. brassicicola (Schweinitz) Wiltshire which is most commonly identified 

as a pathogen of B. oleracea, also known as the cabbage group (Changsri 

and Weber, 1963; Babadoost and Gabrielson, 1979; Humpherson-Jones, 

1985);

(ii) A. brassicae (Berkeley) Saccardo which is often associated with oilseed 

brassicas (B. napus) and also found on the cabbage group, although to a
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lesser extent than A. brassicicola (Petrie, 1974; Tohyama and Tsuda, 

1995); and

(iii)>4. raphani J. W. Groves & Skolko which is a pathogen of radish 

(Raphanus sativus) and also associated with the oilseed brassicas 

(Changsri and Weber, 1963).

In addition to these three species, A. alternata (Fries) Keissler, a facultative 

parasite of many hosts, may also parasitise brassicas (Tohyama and Tsuda, 

1995).

Spread of the diseases during the growing season is by wind-blown or 

rain-splashed spores. Spores are produced copiously under optimum 

conditions which are temperatures of 18-30°C and a minimum wet and humid 

period of 12 h, epidemics occurring when rainfall is frequent (Humpherson- 

Jones and Phelps, 1989; Fontem et al., 1991). These conditions correspond 

to the climate in some humid tropical countries such as Thailand, where the 

average annual temperature is 26-28°C and there is daily rainfall during the 

growing season for vegetables.

In Thailand, the diseases have been recorded since the 1960s 

(Puckdeedindan, 1966) but the associated fungal species were not identified 

until 1983 by Sontirat et al. (Sontirat et al., 1983). The diseases have been 

continuously reported to cause considerable damage to crop production in 

the country (Sontirat et al., 1983 and 1994; Visethsung et al., 1987; 

Visethsung and Saranark, 1988a and 1988b).
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1.3.2 Symptoms

Infection by Alternaria occurs in brassicas at all stages of growth and 

on every part of the plant, lesions becoming the sources for further infection 

of other parts.

Leafspotting is the most common symptom of the diseases. Symptoms 

appear as small spots on leaves and later enlarge into circular sometimes 

zonated spots. Old spots become papery and may tear. The dark spots on 

leaves can significantly reduce their photosynthetic area and cause 

premature senescence. If the leaves have to be harvested and marketed for 

consumption, such symptoms significantly reduce the economic value of the 

vegetables. Lesions may also appear on the stems of both young and old 

plants where they are usually elongate.

From leaves, the pathogens spread to heads or inflorescences 

causing light brown spots on the surface which eventually spread and darken 

to an olivaceous or black colour and may also have a sunken appearance 

(Sherf and MacNab, 1986). Roots of turnip and rutabaga can be infected if 

their leaves were infected. Root spots are nearly circular, zonate and appear 

in various shades of brown to black. Symptoms on inflorescences or roots 

also develop and spread while vegetables are in storage or in transit, 

diminishing the market value of the crop (Weimer, 1924).

When the inflorescences are infected, the fungi can cause extensive 

symptoms on flowers and seed pods. Seeds may not be produced and those 

that are become infested with spores and infected with mycelium. Infection on
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developing seeds can lead to a reduction in both their yield and quality 

(Maude and Humpherson-Jones, 1980; White, 1988; Kumar and Gupta, 

1994a and 1994b), including oil quality and protein content of oilseed 

brassicas (Degenhardt et al., 1974; Ansari et al., 1988). The spores can 

remain viable on the seed surface for up to 2 years and if contamination is 

internal, the mycelium can remain viable for up to 12 years (Maude and 

Humpherson-Jones, 1980). Furthermore, the fungi can cause pre- and post

emergence damping-off, wire stem and stem cankers of seedlings, reducing 

crop production (Changsri and Weber, 1963).

1.4 TO XINS

Pathogenic fungi may damage their host plants in many ways

(Strange, 1993):

(i) by altering the concentrations of plant growth regulating substances 

(auxins, cytokinins, gibberellins, ethylene and abscisic acid), causing 

symptoms such as abnormal growth, stunting, redirection of nutrients, 

epinasty and premature abscission of leaves and other organs;

(ii) by secreting degradative enzymes such as pectic enzymes, the pathogens 

can penetrate plant cell walls and therefore facilitate further infection; and

(iii) by producing toxins which cause various symptoms including necrosis, 

chlorosis, wilting, water-soaking and eventually death of plants.
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When necrotic lesions such as those of the dark leaf spot diseases are 

the dominant symptoms, they are likely to be the result of toxin production by 

the pathogen (Yoder, 1980; Bains and Tewari, 1987; Otani etal., 1995).

1.4.1 Toxins produced by pathogenic fungi

Toxins which are produced by pathogenic fungi are sometimes divided 

into two categories. Those that affect man or animals are called “Mycotoxins” 

and those affecting plants are called “Phytotoxins”. However, some toxins are 

both mycotoxins and phytotoxins.

Examples of mycotoxins are aflatoxins produced by Aspergillus flavus, 

which are mutagenic and carcinogenic (Williams and McDonald, 1983) and 

trichothecenes, a class of compound containing several toxic substances 

from the genus Fusarium which cause symptoms such as diarrhoea, 

reduction in weight gains, feed refusal and decreased immune response in 

farm animals and death in poultry (Prelusky etal., 1994).

Phytotoxins are classified as host-selective (host-specific) and non- 

host-selective (Scheffer, 1983; Knoche and Duvick, 1987).

Host-selective toxins (host-specific toxins)

Host-selective toxins affect only plants that are hosts of the toxin- 

producing organism (Strange, 1993) and are normally essential for
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pathogenicity. For pathogens producing host-selective toxins, the virulence of 

the organism is correlated with the amount of toxin produced (Oku, 1994).

Approximately 20 host-selective toxins have been documented and 

they are mostly produced by fungi from two genera, Alternaria and 

Helminthosporium (Walton, 1996). For example, AM-toxins produced by the 

apple pathotype of Alternaria alternata caused leaf spot only on susceptible 

apple cultivars while AF-toxins produced by the strawberry pathotype caused 

symptoms only on susceptible strawberry cultivars. These toxins caused 

veinal necrosis on their host tissues (Nishimura and Kohmoto, 1983). Victorin 

C was isolated from culture filtrates of Helminthosporium (= Cochliobolus) 

victoriae and specifically affected oats derived from the cultivar Victoria, 

causing leakage of electrolytes (Meehan and Murphy, 1946 and 1947; 

Samaddar and Scheffer, 1971; Damann et al., 1974; Novacky and Hanchey, 

1974; Scheffer, 1997).

However, there are a few host-selective toxins that are produced by 

other fungal species such as bipolaroxin which was found in culture filtrates 

of the fungus Bipolaris cynodontis, a pathogen of Burmuda grass. It caused 

zonate lesions typical of the disease on several plant species including those 

that are common hosts of the fungus but it caused no symptoms on wheat, 

barley, cotton and corn even at ten times higher concentration (Sugawara, F. 

eta l., 1985).
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Non-host-selective toxins

Non-host-selective toxins produce symptoms not only on hosts of the 

pathogen but on other plants as well (Strange, 1993). A great number of non

host-selective toxins produced by plant pathogenic fungi have been 

characterised (Ballio, 1991). For example, colletotrichins which have been 

isolated from Colletotrichum capsici (Grove et al., 1966) and C. nicotianae 

(Gohbara et a!., 1978) cause anthracnose-like symptoms on tobacco and 

affect several other plant species (Bailey etal., 1992). Zinniol which has been 

isolated from cultures of several species of Alternaria (White and Starratt, 

1967; Barash et al., 1981; Cotty et al., 1983; Cotty and Misaghi, 1984) and 

Phoma macdonaldii (Sugawara and Strobel, 1986) was reported to induce 

symptoms on other plants such as marigold, cotton, maize, tomato, 

watermelon and sunflower (Cotty and Misaghi, 1984). Tentoxin produced by 

Alternaria alternata causes chlorosis in seedlings of many plants (Durbin and 

Uchytil, 1977) by interfering with coupling factor 1 which is responsible for 

photosynthetic phosphorylation (Klotz, 1988).

1.4.2 Toxins produced by the genus Alternaria

The species of Alternaria produced a variety of toxins which have 

different chemical structures. Reviews of several aspects of these 

compounds including production, toxicity (to both plants and animals), 

biological activity and their chemistry are available (Nishimura and Kohmoto, 

1983; King and Schade, 1984; Schade and King, 1984; Montemurro and
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Visconti, 1992; Otani et al., 1995). Toxins of Alternaria spp. are segregated

into 4 groups according to their chemical structures:

(i) Pyrones (see structures of compounds in Figure 1.5). This group involves 

the largest number of toxins and their structures include dibenzopyrones 

(also called polyketides), dihydro-1,4-pyrone, pyrones and their 

derivatives. Example of compounds in this group are altenuene, 

alternariol, alternariol monomethyl ether, solanapyrone toxins and ACR- 

toxins.

(ii) Quinones (see structures of compounds in Figure 1.6). This group 

contains perylenequinones, anthraquinones and their derivatives. 

Example of toxins in this group are altertoxins, altersolanol and bostrycin.

(iii) Peptides (see structures of compounds in Figure 1.7). This group includes 

cyclic- and long-chain- peptides, for example, tentoxin, destruxin B, AM- 

toxins and AK-toxins.

(iv)Other structures (see structures of compounds in Figure 1.8). This group 

includes AAL-toxins, AF-toxins, ACTG-toxins, tenuazonic acid which is a 

tetramic acid compound and zinniol which is a penta-substituted benzene 

compound.
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Figure 1.5 Examples of Alternaria toxins with pyrone groups.
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Figure 1.6 Examples of Alternaria toxins with quinone groups.
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Figure 1.7 Examples of Alternaria toxins with peptide groups.
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Figure 1.8 Other Alternaria toxins.
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Some of the toxic metabolites produced by the genus Alternaria are 

toxic to humans and animals and some are only known to be toxic to plants.

Altertoxins were reported to be cytotoxic, lethal to mice and mutagenic 

to the bacterium Salmonella typhimurium (Pero et al., 1973; Scott and Stoltz, 

1980). Tenuazonic acid has been connected with Onyalai, an acute 

haematological disorder among black African populations south of the Sahara 

(Rabie et al., 1975; Steyn and Rabie, 1976). It also has antiviral, antibiotic 

and antitumour qualities (Miller et al., 1963; Gitterman, 1965) and can 

interfere with protein synthesis in mammalian tissue (Shigeura and Gordon, 

1963; Carrasco and Vazquez, 1973).

Some of the phytotoxins produced by species of Alternaria are host- 

selective such as ACR(L)- and AM-toxins from A. alternata of the rough 

lemon and apple pathotypes respectively (Nishimura and Kohmoto, 1983; 

Otani et al., 1995). Other toxins are non-host-selective such as tenuazonic 

acid which cause tobacco brown spot (Mikami et al., 1971), stunting in rice, 

mung bean, radish, turnip and oilseed rape seedlings (Umetsu et al., 1974; 

Visconti et al., 1992) and necrosis on leaves of pigeon pea (Nutsugah et al.,

1993). Other non-host-selective toxins are tentoxin, zinniol, solanapyrones, 

deoxyradicinin and 3-epoxy radicinin.
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1.5 THE OBJECTIVES

This study was initiated with the following objectives:

(i) to identify the causal agents of dark leaf spot diseases of the four 

brassicas grown in northern Thailand; cabbage (Brassica oleracae var. 

capitata L.), cauliflower (B. oleracae var. botrytis L.), Chinese kale (B. 

alboglabra Bailey), and choi-sum (B. chlnensis war. parachinensis [Bailey] 

Tsen & Lee);

(ii) to determine if the symptoms caused might be attributable to toxins; and

(iii)to isolate and identify the compounds responsible.

1.6 STRUCTURE OF THE THESIS

This thesis is organised into 6 chapters.

Chapter two examines the causes of the dark leaf spot diseases that 

occur on brassica vegetables in Thailand. Isolation and identification of the 

causal organisms are reported as well as proof of their pathogenicity. The 

relationship at the molecular level of the pathogen (the organisms being a 

single species) to other members of the genus Alternaria was also studied.

Chapter three reports experiments in which four isolates of the 

pathogen from the four plant types were grown on a defined liquid medium 

and the toxicity of their culture filtrates was investigated. Phytotoxicity was 

measured with cells of the four plants.
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The most toxic culture filtrate found in experiments reported in chapter 

three was studied in chapter four. Test were performed to determine whether 

the toxic components were heat labile or heat stable, low or high molecular 

weight and whether certain separation techniques could be used for their 

isolation and purification.

In chapter five isolation of the toxic components of culture filtrates is 

reported. Two pathways were used for separation of the toxins: pathway 1 

involved a series of C-18 solid phase extraction techniques while pathway 2 

was a scaled up version for preparative C-18 flash chromatography. The 

toxins were purified by other chromatography techniques: TLG and HPLC. 

Ultra violet spectroscopy and mass spectrometry were used to gain some 

insight into the chemical nature of the toxins.

Chapter six provides a conclusion to the thesis. The major findings are 

summarised, the implications for plant diseases and their control are 

discussed and potential areas of further research are suggested.
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CHAPTER 2

Identification of Alternaria brassicicola as the Causai 

Organism of Dark Leaf Spot Disease of Brassicas in 

Thaiiand

2.1 INTRODUCTION

This chapter focuses on the identification of the organisms causing 

dark leaf spot diseases of Brassica crops grown in Thailand. This involved 

four main tasks:

(i) Koch’s postulates were used to prove the pathogenicity of the organisms;

(ii) the pathogens were preserved to maintain their properties and for use as 

samples in future experiments;

(iii)the pathogens were examined morphologically and their identities 

confirmed by ribosomal DNA (rDNA) sequencing; and

(iv)the phylogenetic relationship of the pathogens with other species was 

determined by comparison of the ITS1 and ITS2 sequences of rDNA.
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2.1.1 Proof of pathogenicity (Koch’s postuiates)

Although some plants infected with pathogens may remain 

symptomless, most infected plants demonstrate symptoms. Diseased plant 

specimens may be plated on a suitable medium and if the organisms are 

facultative saprophytes, they can grow from the tissue and can be 

subcultured. Sometimes a single organism may grow from the specimen, but 

for samples collected from the field, it is much more likely that several 

organisms will be obtained. The majority of these may be secondary invaders 

or saprophytes and have no direct relationship with the disease.

Before Robert Koch, a German bacteriologist, formulated “Koch's 

postulates” in 1882, the diagnosis of a causal organism of a disease was not 

clearly understood. In plant disease, Koch's postulates are now widely used 

to establish the causal organism of a plant disease and these may be 

outlined as follows:

(i) the suspected organism must always be associated with the disease;

(ii) the suspected organism must be isolated and grown in pure culture on an 

artificial medium;

(iii) when the organism is inoculated into a healthy plant of the same species as 

the original host at least some symptoms of the original disease are 

reproduced; and

(iv)the suspected organism must be re-isolated from the inoculated plant and 

shown to be identical with the original isolate.
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2.1.2 Preservation of fungal materials

After isolation, it is important to maintain fungal isolates from the risk of 

variation. Variation owing to mutation may occur in poorly preserved 

materials and this can lead to irreproducible results. The appropriate 

selection of preservation conditions is, therefore, very important and is often 

guided by the purpose and duration of the reseach and, most importantly, the 

facilities that are available. For short research programmes fungal isolates 

can be maintained on agar slants of medium at 4°C or -20°C (Bridge, 1985; 

Grondona et al., 1997; Mwenje and Ride, 1997). Storage of spores from 

monoconidial cultures at -70°C has been used for longer research 

programmes (Moses et a!., 1996). For imperfect fungi such as Alternaria, 

Aspergillus and Fusarium, storage in liquid nitrogen is the most successful 

preservation technique and is highly recommended (Smith and Onions,

1994).

2.1.3 Fungal Identification

Much of fungal identification has depended on the analysis of 

morphological features such as the shape and size of spores, their 

aggregation and the structures that subtend them. These features can be 

used to distinguish genera which superficially appear quite similar. For 

example, chain and beak formation differentiate Stemphylium and Ulocladium 

from Alternaria species. Alternaria forms chains of spores which generally 

have beaks whereas Stemphylium and Ulocladium spores are borne
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separately and are beakless (Rotem, 1994). At a species level, however, 

morphological identification can be more difficult such as that of the genus 

Colletotrichum (Sutton, 1992; Sherriff et al., 1994) and Fusarium (Gerlach, 

1981; Marasas eta!., 1985; Joffe, 1986).

The identification of species of Alternaria is also difficult since their 

spores, which are multicellular, vary in numbers of cells and overall size. As a 

result the ranges of spore sizes of different species are massively overlapped 

and therefore, identification of species on the basis of small differences in 

their morphology is hazardous (see figure 2.1; Rotem 1994).

Besides variation that may be inherent, further variation may be 

caused by lack of standardisation of environmental conditions such as the 

media, incubation temperatures and age of the cultures (Sherriff ef a/., 1994).

Other criteria for classification have been proposed to resolve some of 

these difficulties. For example. Pénicillium species (2,473 strains) were 

classified by the analysis of their secondary metabolites produced on Czapek 

yeast autolysate agar and yeast extract-sucrose agar using simple TLC 

screening techniques (Frisvad and Filtenborg, 1983). An analysis of pectic 

isozymes appeared to be potentially useful in grouping species of Armillaria 

(Mwenje and Ride, 1997) and strains of Heterobasidion annosum (Karlsson 

and Stenlid, 1991). However, both of these techniques are dependent on 

gene expression which, like morphology, is subject to environmental 

influence.
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Figure 2.1 Smallest and greatest spore lengths of selected Aiternaria species (from Rotem, 

1994).
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Recently, significant advances in fungal taxonomy and identification 

have come about through DNA analysis. For example, restriction fragment 

length polymorphisms (RFLPs) have been used to solve systematic problems 

in the genus Phythophthora (Forster et al., 1990) and to measure genetic 

variability in the Japanese pear pathotype of A. alternata (Adachi et al., 

1993). Random amplified polymorphic DNA (RAPD) have been used to detect 

variation in Rhizoctonia so/an/(Duncan et al., 1993) and Pseudocercosporella 

herpotricholdes (Nicholson and Rezanoor, 1994). Sharma and Tewari (1998) 

and Cooke et al. (1998) also showed genetic variation in RAPD patterns 

among Alternaria species of diverse geographical origin. However, 

reproducibility of RAPD fingerprints has been a major concern to many 

investigators since many factors may interfere with or alter the amplification 

patterns such as the different types of DNA polymerase (Schierwater and 

Ender, 1993) as well as the quality and concentration of the DNA templates 

and primers (Muralidharan and Wakeland, 1993). Thus RAPD fingerprint 

patterns obtained from the same organism may differ between laboratories.

In contrast, DNA sequences have provided more definitive data which 

can be stored and readily compared with information obtained from different 

laboratories (Bruns et al., 1991). However, sequencing of complete genomes 

is clearly impracticable owing to their size. Therefore, the polymerase chain 

reaction (PGR) has been used to polymerise specific domains which are then 

sequenced. The method requires small amounts of DNA which may be 

relatively crude and errors in sequencing may be reduced because both 

strands can be sequenced (White et al., 1990). Selected segments of the
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DNA, when amplified and sequenced, provide analysis of phylogenetic 

relationships over a wide range of taxonomic levels owing to the differences 

in evolving rates of different regions of the genome. As a result, the use of 

the technique for the identification and taxonomic study of fungi as well as for 

studies of evolution and spéciation have grown rapidly (White et al., 1990; 

Hillis and Dixon, 1991; Foster et a!., 1993; Morales et a!., 1993 and 1995; 

Sherriff et a!., 1994 and 1995; Sreenivasaprasad et a!., 1994 and 1996). 

Many of the DNA sequences reported are those of the ribosomal DNA repeat 

unit, owing to the conserved molecular function of some regions within this 

domain and the variability of others. For example, Sherriff et ai. (1994) used 

rDNA sequences to demonstrate new species groupings in the genus 

Colletotrichum and subsequently to distinguish between Colletotrichum 

graminicola and C. sublineolum (Sherriff et al., 1995). The phylogenetic 

relationship among several species of Leptosphaeria has also been studied 

using the internal transcribed spacers (ITS1 and ITS2) and 5.8S regions of 

rDNA (Morales et al., 1995). Kusaba and Tsuge (1995) found that species of 

Alternaria, which had been distinguished morphologically, were clearly 

separated from each other by sequence variation of ITS1 and ITS2. Similarly, 

Jasalavich et al. (1995) used the ITS regions and 5.8S gene to distinguish 

four species of Alternaria, A. brassicae, A. brassicicola, A. raphani and A. 

alternata which were isolated from crucifers. Therefore, in this study, this 

region of the genome of Thai isolates of Alternaria was sequenced in order to 

determine their identity.
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2.2 MATERIALS AND METHODS

2.2.1 Isolation and storage of fungi

Leaves of cabbage (Brassica oleracea var. capitata L.), cauliflower (B. 

oleracea var. botrytis L.), Chinese kale (8. alboglabra Bailey), and choi-sum 

[B. chinensis var. parachinensis (Bailey) Tsen & Lee] showing typical 

symptoms of dark leaf spot diseases were collected from vegetable 

plantations in Chiang Mai, Lamphun, Kamphaengphet and Nakhon Sawan 

provinces in northern Thailand in 1994 (Table 2.1 and Figure 2.2). Spores 

were transferred from lesions to sterile slides by means of a sterile glass 

needle. Single spores were selected from the slide under a microscope and 

transferred again by a sterile glass needle to acidified Potato Dextrose Agar 

(PDA). After incubation at 25°C for 6-9 days in the dark they were 

subcultured onto PDA in order to make spore suspensions. Spores were 

released from the colonies by flooding the plates with sterile distilled water 

and agitating with a sterile glass spreader. The resulting suspension was 

filtered through four thicknesses of sterile muslin to remove hyphae and the 

spores were washed three times by centrifuging in sterile distilled water. They 

were finally resuspended in sterile 10% glycerol to yield a spore suspension 

of 10^ spores/mL as determined on a haemocytometer. The spore 

suspensions were kept at -70°G or in liquid nitrogen.
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Table 2.1 Isolate code, origin and host of diseased specimens collected for these studies

Isolate code Origin (Village, District, Province) Host

CB001 Ko Moo, Khlong Khlung, Kamphaengphet Cabbage

CB002 Suthep, Muang, Chiang Mai Cabbage

CB003 Nongmajab, San Sai, Chiang Mai Cabbage

CB004 San Pee-suah, Mae Rim, Chiang Mai Cabbage

CB005 Pikul Thong, Khlong Khlung, Kamphaengphet Cabbage

CB006 Moo Song, Mae Rim, Chiang Mai Cabbage

CB007 Bang Ta-ngay, Barnpotpisai, Nakhon Sawan Cabbage

CF001 Ta Ngew, Barnpotpisai, Nakhon Sawan Cauliflower

CF002 Sri Ngam, San-Sai, Chiang Mai Cauliflower

CF003 Suthep, Muang, Chiang Mai Cauliflower

CF004 San Pee-suah, Mae Rim, Chiang Mai Cauliflower

CF005 Nongmajab, San-Sai, Chiang Mai Cauliflower

CF006 Bang Ta-ngay, Barnpotpisai, Nakhon Sawan Cauliflower

CF007 Pa Ton, Saraphi, Chiang Mai Cauliflower

CF008 Hang Kwai, Saraphi, Chiang Mai Cauliflower

CF009 Don Kwaew, Saraphi, Chiang Mai Cauliflower

CF0010 Tung Paket, San-Sai, Chiang Mai Cauliflower

CK001 San Muang, Mae Rim, Chiang Mai Chinese kale

CK002 Ton Pung, Muang, Lamphun Chinese kale

CK003 Ta Ngew, Barnpotpisai, Nakhon Sawan Chinese kale

CK004 Bang Ta-ngay, Barnpotpisai, Nakhon Sawan Chinese kale

CK005 Suthep, Muang, Chiang Mai Chinese kale

CK006 Pikul Thong, Khlong Khlung, Kamphaengphet Chinese kale

CK007 Ko Moo, Khlong Khlung, Kamphaengphet Chinese kale

CK008 Mae Jo, San-Sai, Chiang Mai Chinese kale

CK009 San Muang, Mae Rim, Chiang Mai Chinese kale

CS001 Bang Ta-ngay, Barnpotpisai, Nakhon Sawan Choi-sum

CS002 Ton Pung, Muang, Lamphun Choi-sum

CS003 Pikul Thong, Khlong Khlung, Kamphaengphet Choi-sum

Note: Although an attempt has been made for the Thai names to 

national transliteration, it is, however, not definitive because there 

transliterating Thai script into Roman.

derive the most frequent 

is no standard system of
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Figure 2.2 Map of Thailand showing the northern region where the diseased specimens were 

collected.
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2.2.2 Growth of plants and inoculation

Seeds of cabbage and cauliflower (Suttons Seeds Ltd., Torquay, UK), 

Chinese kale and choi-sum (Horticultural Research International, Wellesbourne, 

UK) were soaked in water overnight before sowing in Levington's multi-purpose 

compost (Levington Horticulture Ltd., Ipswich, UK) in 15-cm plastic pots (5-8 

seeds per pot). The plants were grown in a greenhouse at 20 ± 2°C with 16 h 

photoperiod and watered every other day. Spore suspensions removed from 

storage were diluted in sterile distilled water to obtain a concentration of 10® 

spores/mL for inoculation of plants. Droplets (5 pL) of the spore suspensions of 

each fungal isolate were placed on healthy leaves (4-6 droplets per leaf) of 4- 

week-old cabbage, cauliflower, Chinese kale and choi-sum plants (3 leaves 

per plant). Control leaves were inoculated with 5 pL of sterile distilled water. 

Inoculated plants were covered with polyethylene bags to maintain high 

humidity for 3 days and were inspected daily for symptoms. Fungi were re

isolated from the diseased leaves 10-14 days after inoculation and compared 

with the original isolates.

2.2.3 Microscopic examination of the fungi

Fungi were grown on PDA at 25°C in the dark for 7-9 days and spores 

(100 per isolate) were examined under a microscope. Four isolates (CB001 

from cabbage, CF001 from cauliflower, CK001 from Chinese kale and CS001 

from choi-sum) were inoculated onto PDA plates (6 plates per isolate) by

-  61 -



Chapter 2  /  Identification of the pathogen

mycelial discs (6 mm in diameter) from the edge of 7-day-old cultures. They 

were incubated at 25°C ± 1°C in the dark and their colony diameters were 

measured every 3 days. Two measurements were made at right angles to 

each other for each colony.

A slide culture technique was used to observe the morphology of the 

fungi microscopically (Booth, 1977; p. 8). Squares of PDA (side 5-8 mm) were 

cut from an uninoculated PDA plate and placed on a sterile slide. Spores of 

the isolates were inoculated on the four sides of the agar square and a sterile 

cover slip was placed on top. The slide was placed in a sealed petri dish 

containing moist filter paper and incubated at 25°C for 3-4 days by which time 

the fungi had grown on the glass surface of both slide and cover slip. Fungal 

growth on the cover slip was prepared for observation under a microscope by 

carefully removing the coverslip from the agar and placing it on a lactophenol 

drop deposited on a slide. Fungal growth on the slide was similarly prepared 

by removing the agar square from the slide, adding a drop of lactophenol and 

covering it with a new cover slip. Slides were observed under a microscope.

2.2.4 Growth of fungi and extraction of DNA

V8 juice (Campbell Grocery Products Ltd., UK) was filtered through 

four thicknesses of muslin. The filtrate was centrifuged at 2000 g  for 5 min 

and the supernatant was filtered through Whatman No.1 filter paper. The 

clear filtrate (200 mL) was added to Czapek Dox nutrients (45.5 g; Oxoid, 

Unipath Ltd., Hampshire, UK), mycological peptone (1 g; Difco, Difco
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Laboratories, Detroit, USA), yeast extract (1 g; Difco, Difco Laboratories, 

Detroit, USA) and casein hydrolysate (1 g; Oxoid, Oxoid Ltd., London, UK) 

and made up to 1.2 L with distilled water. The medium (100 mL) was 

distributed into 250-mL conical flasks and autoclaved at 121°C for 20 min.

Spores and mycelium were scraped from 7-day-old cultures growing 

on PDA (isolate CB001 and CB002 from cabbage; CF001 and CF002 from 

cauliflower; CK001 and CK002 from Chinese kale and CS001 and CS002 

from choi-sum) and used to inoculate the medium. After incubation for 48 h at 

25°C on an orbital shaker (5 cm diameter orbits; 150 rpm) the mycelia were 

harvested by filtering through four thicknesses of sterile muslin and washed 

thoroughly with sterile distilled water.

DNA was extracted using a commercial kit (Nucleon Phytopure Plant 

DNA Extraction Kit, Scotlab, UK; see figure 2.3). Fresh mycelium (1 g) was 

ground in the presence of liquid nitrogen to yield a free-flowing powder and 

the powder was transferred to a polypropylene centrifuge tube (15 mL; 

Greiner Labortechnik Ltd., Gloucestershire, UK). Reagent 1 (4.6 mL) was 

added to the powder, the mixture was mixed thoroughly by manually shaking 

and reagent 2 (1.5 mL) was added. The tube was repeatedly inverted 

manually for 5 min and incubated at 65°C in a water bath with manual 

shaking for 10 min. After placing on ice for 20 min, chilled chloroform (2 mL) 

and silica suspension (200 pi) were added. The sample was shaken manually 

at room temperature for 10 min. After centrifugation at 1300 p fo r  10 min, the 

upper layer was transferred to a fresh centrifuge tube. An equal amount of 

cold isopropanol was added and the tube was inverted gently until DNA
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precipitated. The sample was centrifuged at 4000 g  for 5 min to pellet the 

DNA. After discarding the supernatant, the pellet was washed with 2 mL of 

70% ethanol and centrifuged at 4000 g for 5 min to pellet the DNA again. The 

supernatant was discarded and the DNA pellet was dried using a heating 

block at 65°C for 15 min. DNA was dissolved in 400 pL of 1x TE buffer (10 

mM Tris-HCI pH 7.5, 1 mM EDTA pH 8.0) and RNase (1 mg/mL; 100 pL) was 

added. After incubation at 37°C for 2 h on a shaker, DNA concentration and 

purity was ascertained by monitoring UV absorption at 260 and 280 nm and 

by electrophoresis in a 1% agarose gel.

2.2.5 Amplification of rDNA

Primer pairs ITS1 (5'-TCC GTA GGT GAA CCT GCG-3') and ITS4 (5'- 

TOC TOC GCT TAT TGA TAT GC-3 ) were used for PCR amplification of the 

region of rDNA containing the ITS1, the 5.8S gene and the ITS2 regions 

(Figure 2.4; Jasalavich et al., 1995). Each DNA sample (50 ng) and the two 

primers (10 pmol of each) were added to a “Ready to Go” PCR bead 

(Pharmacia Biotech, Sweden) which contained 1.5 units of Tag DNA 

Polymerase, 10 mM Tris-HCI (pH 9.0), 50 mM KCI, 1.5 mM MgCL, 200 pM of 

each dNTP and stabilizers, including bovine serum albumin (BSA) when 

brought to a final volume of 25 pL. The PCR reaction was performed for 35 

cycles with an initial 2 min at 94°C for dénaturation and a final 7 min at 72°C 

for extension in a Progene Thermal cycler (Techne [Cambridge] Ltd., 

Cambridge, UK). Each cycle consisted of 30 s at 94°C, followed by 30 s at
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58°C for annealing and 2 min at 72°C for extension. A positive control was 

carried out using the “Ready to go” PCR bead with control Lambda DNA (50 

pg) and two control primers (5 pmol of each) provided by the manufacturer 

while a negative control contained the primer pairs ITS1 and ITS4 but no 

DNA samples. Successful amplification was checked by electrophoresis in a 

1.7% agarose gel.

2.2.6 Gel electrophoresis

Agarose (Sigma Chemical Co, USA; 0.5 g for extracted DNA or 0.85 g 

for PCR products) was dissolved in TE buffer (50 mL) by microwaving for 2 

min. The gel was allowed to cool to c. 60°C before adding ethidium bromide 

(1 mg/mL; 10 pL). After the solution was thoroughly mixed, it was poured into 

a mould. When the gel was set, each sample (10 pL for extracted DNA or 5 

pL for PCR products) mixed with 6x loading dye solution (MBI Fermentas, 

Lithuania; 2 pL) was loaded into a well and samples were run along with a 

marker (1 kb DNA ladder for extracted DNA or 100 bp DNA ladder for PCR 

products; MBI Fermentas, Lithuania) in 1x TAB buffer (40 mM Tris acetate, 2 

mM EDTA).
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Figure 2.3 Diagram to show methods used for rDNA sequencing.
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Figure 2.4 Diagram of the rDNA repeat unit showing the primer sites used in PCR 

amplification and DNA sequencing of the ITS1, 5.8S and ITS2 regions. Primers ITS1 and 

ITS4 were used for PCR amplification and primers ITS1, ITS2, ITS3 and ITS4 were used for 

DNA sequencing; the arrows indicate the positions of primers. IGS is the Intergenic spacer.
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2.2.7 DNA sequencing and analysis

DNA sequencing of PCR products was performed using the ABI 

PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit and Am plilaq 

DNA Polymerase, FS (Perkin-Elmer Corporation) according to the 

manufacturer's instructions. Primers ITS1, ITS2, ITS3 and ITS4 were used to 

sequence the PCR products (Figure 2.4; White et al., 1990; Jasalavich et a!., 

1995).

Sequences of PCR products were aligned to give maximum homology 

by the Clustal method using the programme Lasergene Navigator (DNASTAR 

Inc., Wisconsin, USA). Homologies to the sequence data (ITS1, 5.8S and 

ITS2 regions) were searched using remote BLAST (Basic Local Alignment 

Search Tool) services of the National Center for Biotechnology Information 

(NCBI) over the WWW interface. The WWW site is ‘http://www.ncbi.ncbi.nlm. 

nih.gov/'.

2.2.8 Phylogenetic relationship analysis

Sequences of the ITS regions of fungal isolates of the genus Alternaria 

were used for examination of its phylogenetic relationships (Table 2.2).

The sequences of the ITS1 and ITS2 regions of the Thai isolates were 

aligned along with those of all other fungi of the genus Alternaria by the 

Clustal method using the programme Lasergene Navigator (DNASTAR Inc., 

Wisconsin, USA). Phylogenetic relationship was performed using a
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programme package MEGA (Molecular Evolutionary Genetics Analysis), 

version 1.01 (Kumar et al., 1993) with the pairwise deletion option for gaps. 

The evolutionary distances among the Alternaria were estimated using the 

Tajima-Nei method (Tajima and Nei, 1984). Phylogenetic trees, based on the 

Tajima-Nei evolutionary distances with 1000 bootstrapped data sets to 

determine the statistical support for the branches of the trees, were 

constructed using the Neighbour-Joining method (Saitou and Nei, 1987).

Table 2.2 List of Alternaria isolates used for phylogenetic relationship study, as of late-1998

Species Isolate name 1Sequences information Authors

1. A. brassicicola Thai (8 isolates) ITS1 and ITS2 Pattanamahakul, 1999

2. A. brassicicola ABc2 ITS1 and ITS2 Jasalavich etal., 1995

3. A. alternata AA6 ITS1 and ITS2 Jasalavich etal., 1995

4. A. raphani AR6 ITS1 and ITS2 Jasalavich etal., 1995

5. A. brassicae AB11 ITS1 and ITS2 Jasalavich etal., 1995

6. A. alternata ATCC66981 ITS2 Kusaba and Tsuge, 1995

7. A. alternata IFO4026 ITS1 and ITS2 Kusaba and Tsuge, 1995

8, A. alternata IF08984 ITS1 and ITS2 Kusaba and Tsuge, 1995

9. A. dianthi DA-1 ITS1 and ITS2 Kusaba and Tsuge, 1995

10. A. panax Apxl ITS1 and ITS2 Kusaba and Tsuge, 1995

A. dauci Adi ITS2 Kusaba and Tsuge, 1995

12. A. bataticola IF06187 ITS2 Kusaba and Tsuge, 1995

13. A. porri Apl ITS1 and ITS2 Kusaba and Tsuge, 1995

14. A. sesami Se-1 ITS1 and ITS2 Kusaba and Tsuge, 1995

15. A. solani IF07517 ITS1 and ITS2 Kusaba and Tsuge, 1995

16. A. solani - ITS1 and ITS2 Kwon etal., 1997

17. A. Infectorla 4A ITS1 and ITS2 McKay, 1998

18. A. Infectorla 4B ITS1 and ITS2 McKay, 1998

19. A. Ilnl CBS106.34 ITS1 and ITS2 McKay, 1998

20. A. Hnlcola - ITS1 and ITS2 McKay, 1998

2^. A. solani ICMP6519-79 ITS1 and ITS2 McKay, 1998

22. A. solani CBS111.44 ITS1 and ITS2 McKay, 1998

Source: National Center for Biotechnology Information

6 8 -



Chapter 2 /  Identification of the pathogen

2.3 RESULTS

2.3.1 Diseased leaf specimens

Lesions on diseased leaves of cabbage, cauliflower, Chinese kale and 

choi-sum were brown to black, circular and zonate (Figure 2.5). They varied 

in size from as small as a pinpoint to 5 cm in diameter and were surrounded 

by a chlorotic halo. Lesions were often covered by densely packed spores 

making them almost black in colour. However, on storage at high temperature 

and humidity such as in a closed polyethylene bag at room temperature (27- 

32°C in Thailand) the fungus produced dark brown mycelium.

2.3.2 Morphology of the fungal isolates

The morphological characteristics of the fungi from dark leaf spot 

lesions on cabbage, cauliflower, Chinese kale and choi-sum were similar. 

They produced dark olivaceous brown, velvety colonies on PDA (Figure 2.6). 

Colonies grew at an average rate of 7.8-8.8 mm/day at 25°C and sporulated 

copiously. Spores were produced in rarely branched chains of up to 15 and 

had no beak. They were dark olivaceous brown, nearly cylindrical (24.88 ± 

7.38 X 10.93 ± 1.71 pm; range 13-44 x 8-21 pm) with 1-6 transverse septa 

and up to 2 longitudinal septa (Figure 2.7).

-  69 -



Chapter 2  /  Identification of the pathogen

n

Figure 2.5 Disease symptoms on a leaf of choi-sum showing brown lesions with 

characteristic concentric rings.
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Figure 2.6 Appearance of a cabbage isolate of the fungus on PDA 9 days after inoculation.
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10 pm

Figure 2.7 A cabbage isolate of the fungus showing multicellular conidiospores.
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2.3.3 Completion of Koch’s postulates

Healthy cabbage, cauliflower, Chinese kale and choi-sum plants 

developed disease symptoms similar to those depicted in Figure 2.5 when 

inoculated with droplets of spore suspension. Within 2 days, leaf tissue under 

an inoculum droplet became necrotic and the area of necrosis was 

surrounded by a halo of chlorosis. On further incubation, lesions increased in 

size and became darker as the fungus sporulated and eventually the infected 

area became dry and paper thin. None of the control plants inoculated with 

sterile distilled water developed symptoms. Koch's postulates were 

completed by re-isolating the fungus from inoculated plants which had the 

same morphological features as those originally isolated.

2.3.4 Extraction of DNA from the fungal isolates

DNA was successfully extracted by the commercial kit which gave a 

product of about 20 kb (Figure 2.8). The extracted DNA was checked for its 

quality and quantity by measuring its UV absorbance on a spectrophotometer 

(Figure 2.9). Table 2.3 shows the calculation of the ratio of absorbance at 

260 nm and 280 nm and DNA concentration.
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1 2 3 4 5 6 7 8 9 10

20 kb

Figure 2.8 Gel electrophoresis of DNA (size c. 20 kb) extracted from the eight fungal 

isolates. Lane 1, 1 kb DNA ladder marker; Lane 2, isolate GB001; Lane 3, isolate CF001; 

Lane 4, isolate GK001 ; Lane 5, isolate GS001 ; Lane 6, 1 kb DNA ladder marker; Lane 7, 

isolate GB002; Lane 8, isolate GF002; Lane 9, isolate GK002; Lane 10, isolate GS002.
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Figure 2.9 UV spectrum of DNA extracted from cabbage isolate (CB001) showing 

absorbance at 260 nm (0.423) and 280 nm (0.214).

Table 2.3 Ratio of absorbance (A260/A280) and DNA concentration of the extracted fungal 

DNA

Sample A26(/A280 DNA extracted/g fungal mycelium 

(mg/g fresh weight)

DNA concentration 

(pg/pL)

CB001 1.98 2.64 5.29

CF001 1.95 1.98 3.98

CK001 1.94 2.94 5.89

CS001 2.00 2.31 4.63

CB002 1.97 1.76 3.53

CF002 1.98 2.37 4.75

CK002 1.95 1.93 3.88

CS002 1.97 2.35 4.71

DNA concentration (pg/mL) = 50 x Absorbance at 260 nm (1 cm light path) x Dilution factor
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2.3.5 DNA sequencing

All extracted DNA gave PCR products of about 600 bp (Figure 2.10) 

which corresponded to the size expected for a fragment containing the ITS1, 

5.8S and ITS2 regions from species of Alternaria (Jasalavich et al., 1995). 

Sequences of the PCR products obtained from all four primers were aligned 

and the maximum homology of the nucleotides was ascertained. This region 

contained the ITS1 region (179 bp), the 5.88 gene (159 bp) and the ITS2 

region (157 bp; Figure 2.11). All isolates had the same sequence. A BLAST 

search from the web site of the NCBI showed that the entire sequence was 

identical with that of isolate ABc2 of A. brassicicola (Jasalavich at ai. 1995; 

Figure 2.12).

2.3.6 Phylogenetic relationship

The alignments of the sequences of the Thai isolates with those of 

other fungi of the genus Alternaria, available on the NCBI web site by the end 

of 1998, showed greater variation in the ITS1 region than in the ITS2 region 

(Appendices 1 and 2). Phylogenetic trees, based on the Tajima-Nei 

evolutionary distances (see Evolutionary distances data in Appendices 3-5), 

using the Tajima-Nei method indicated that the closest species to A. 

brassicicola was A. raphani isolate AR6 followed by A. panax isolate Apxl on 

the basis of ITS1 sequence data (Figure 2.13) while on the basis of ITS2 

sequence data A. dianthi isolate DA-1 was the closest (Figure 2.14). 

However, on the basis of the combined ITS1 and ITS2 regions the closest
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relationship was to A. raphan/ isolate AR6 (Figure 2.15). If the three species 

that infect brassicas are considered, A. brassicicola, A. raphani and A. 

brassicae, A. raphani is undoubtedly closer to A. brassicicola than A. 

brassicae.

1 2 3 4 5 6 7 8 9 10 11 12

600 bp

Figure 2.10 Gel electrophoresis of the PCR products (size c. 600 bp) from DNA samples of 

the eight fungal isolates. Lane 1, 100 bp DNA ladder marker (1 pg); Lane 2, positive control 

showing a product at 500 bp; Lane 3, negative control; Lane 4, isolate CB001; Lane 5, isolate 

CF001; Lane 6, isolate CK001 ; Lane 7, isolate CS001 ; Lane 8, isolate CB002; Lane 9, isolate 

CF002; Lane 10, isolate CK002; Lane 11, isolate CS002; Lane 12, 100 bp DNA ladder 

marker (0.5 pg).
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ITS1

CACAATATGAAAGCGGGCTGGACTCACCTCAGCAGCATCTGCTGTTGG
GGCCAGCCTTGCTGAATTATTCACCCGTGTCTTTTGCGTACTTCTTGTTT
CCTTGGTGGGCTCGCCCACCACAAGGACAAACCATAAACCTTTTGTAAT
TGCAATCAGCGTCAGTAACAACATAATAATTA

5.8S

CAACTTTGAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAG
CGAAATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATC
TTTGAACGCACATTGGGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCG
AGGGTGATTTG

ITS2

TACGGTGAAGGTTTGGTTGGTGTTGGGGGTGTTGTGTGGAGTTTGGTGG
AGAGTGGGGTTAAAGTGATTGGGAGGGGGGGTAGTGGTTTGGGAGGGG
AGGAGAAGTGGGGGTGTGTTGGAGGGAAGGTGAGGATGGATAAAGGGTT
TTTTGAAGTTT

Figure 2.11 Sequences of the ITS1, the 5.88 and the ITS2 regions (495 bp in total) of the 

Thai isolates (all have identical sequences).
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BLASTN 2.0.7
Reference :
Altschul, Stephen F ., Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database 
search programs". Nucleic Acids Res. 25:3389-3402.
Query= Thai isolates 

(495 letters)

Database: Non-redundant GenBank+EMBL+DDBJ+PDB sequences 
397,656 sequences; 940,069,313 total letters

emb|Y17071|ALY17071 
gb|U05195[AAU05195 
emb|Y17066IAIY17 066 
embjY17 067IAIY17067 
embjY17086IALY17086 
embjY17069|ASY17069

Sequences producing significant alignments :

gb|U05198|a b u 05198 Alternaria brassicicola ABc2 .
gbIU05200IARU05200 Alternaria raphani AR6 intern, 
g b 1AF102888IAF102888 Pleospora papaveracea 18S r, 
gbIAF102889IAF102889 Dendryphion penicillatum 18. 
gbIU05253IABU05253 Alternaria brassicae ABll int.

Alternaria lini rRNA genes a. 
Alternaria alternata AA6 inte. 
Alternaria infectoria rRNA g . 
Alternaria infectoria rRNA g. 
Alternaria linicola rRNA gen. 
Alternaria solani rRNA genes. 

Alternaria solani 18S ribosom. 
Pleospora herbarum DAOM 15067. 

SBY17068 Stemphylium botryosum rRNA g. 
DA58SRNA2 D .avenae 5.8S rRNA gene 
PS3 82858S P .avenae 5.8S rRNA gene, st. 
DG58SRNA3 D.graminea 5.8S rRNA gene 
PARRNAR P.avanae partial SSU rRNA gen. 
PTPM258SR P.teres 5.8S rRNA gene, str. 
PGRRNAS P.graminea DNA,partial small .

P.graminea partial SSU rRNA g. 
P.graminea DNA, partial smal. 
P.graminea DNA,partial small. 
P.graminea DNA, parital smal. 
B .oryzae 5.8S rRNA gene

Score E 
(bits) Value

gb
gb

U80204IASU80204 
U05202IPHU05202 

emb|Y17068 
emb|X78123 
embjY08750 
emb|X78124 
embjY10924 
embIY08746 
embIY10857 
embjY10923 
embjY10859 
embjY10748 
embjY10858 
embjx78122 
emb Y10856

PGRRNAR
PGY10859
PGY10748
PGY10858
B058SRNA1
BORRNAS B.oryzae DNA, partial small s. 

gbIU19274IPWU19274 Phoma wasabiae 5.8S ribosomal. 
embIY08745IPGPG1158S P.graminea 5.8S rRNA gene, , 
embjY08744jPTPE2958S P.teres 5.8S rRNA gene, str.
gb
gb
gb
gb
gb
gb
gb
gb
gb
gb
gb

L07735 LETRG58S Leptosphaeria maculans 18S ri. 
M96383 LETITSA Leptosphaeria maculans interve. 
M96663 LET58SRDNA Leptosphaeria maculans 5.8S. 
U95172 U95172 Drechslera heveae internal tran. 
U82452 ASU82452 Ampelomyces sp. ATCC 201059 1. 
AF035779IAF035779 Ampelomyces humuli 18S ribo, 
M963 84ILETITSB Leptosphaeria maculans interve. 
AF035778IAF035778 Ampelomyces quercinus 18S r. 
U04861IOHU04861 Ophiosphaerella herpotricha r.

Leptosphaeria microscopica AT. 
Phaeosphaeria nodorum 18S rib.

U04234|LMU04234 
U77361j PNU77361

981 0.0
841 0.0
841 0.0
835 0.0
801 0.0
741 0.0
728 0.0
686 0.0
686 0.0
668 0.0
668 0.0
603 e-170
523 e-147
507 e-142
494 e-138
456 e-126
440 e-121
434 e-120
432 e-119
432 e-119
432 e-119
432 e-119
424 e-117
424 e-117
422 e-116
422 e-116
420 e-115
418 e-115
418 e-115
412 e-113
404 e-111
394 e-108
383 e-104
383 e-104
371 e-101
369 e-100
367 le-99
367 le-99
365 5e-99
363 2e-98

(continued next page...)
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gb|U05198IABU05198 Alternaria brassicicola ABc2 internal transcribed 
spacers 1 and 2 and 5.8S rRNA. gene, complete sequence 

Length = 545

Score = 981 bits (495), Expect = 0.0
Identities = 495/495 (100%), Positives = 495/495 (100%)
Query:1 cacaatatgaaagcgggctggactcacctcagcagcatctgctgttggggccagccttgc 60

i i i i l i i i i i i i i i i i l i i i l i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iSbjct: 19 cacaatatgaaagcgggctggactcacctcagcagcatctgctgttggggccagccttgc 78 

Query:61 tgaattattcacccgtgtcttttgcgtacttcttgtttccttggtgggctcgcccaccac 120
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

Sbjct: 79 tgaattattcacccgtgtcttttgcgtacttcttgtttccttggtgggctcgcccaccac 138 

Query:121 aaggacaaaccataaaccttttgtaattgcaatcagcgtcagtaacaacataataattac 180
l l l l l l l l i l l l l l i l l l l l l l l l l l l i l l l l l l l l l l l l i l l l l l M I I I I I I I I I I I ISbj ct: 139 aaggacaaaccataaaccttttgtaattgcaatcagcgtcagtaacaacataataattac 198 

Query:181 aactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgata 240
I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i l l l l l l l l l l l l l l l l l l l l l l l l l l lSbj ct: 199 aactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgata 258 

Query: 241 agtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccctt 3 00
l l l l l l l l l l l l i l l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l M I I I I I I I I I I I MSbjct:259 agtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccctt 318 

Query:301 tggtattccaaagggcatgcctgttcgagcgtcatttgtaccctcaagctttgcttggtg 360
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I MSbjct: 319 tggtattccaaagggcatgcctgttcgagcgtcatttgtaccctcaagctttgcttggtg 378 

Query:361 ttgggcgtcttgtctccagtttgctggagactcgccttaaagtcattggcagccggccta 42 0
I M I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i l l l l l l l l l l l l l l l l l l lSbjct: 379 ttgggcgtcttgtctccagtttgctggagactcgccttaaagtcattggcagccggccta 43 8 

Query : 421 ctggtttcggagcgcagcacaagtcgcgctctcttccagccaaggtcagcatccataaag 480
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

Sbj ct: 439 ctggtttcggagcgcagcacaagtcgcgctctcttccagccaaggtcagcatccataaag 498 

Query:481 ccttttttcaacttt 495
l l l l l l l l l l l l l l lSbjct: 499 ccttttttcaacttt 513

Figure 2.12 Result of the BLAST search showing that the sequences of the Thai isolates 

matched those of a known isolate of Alternaria brassicicola.
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Figure 2.13 The consensus tree generated by Neighbour-Joining method of the ITS1 sequences 

(179 base pairs) of the Thai isolates showing that they were identical to a fungus previously 

identified as A. brassicicola (isolate ABc2) and the relation of this species to other species for 

which sequence data are available. Figures are bootstrap confidence levels given as percentages 

of 1000 bootstrapped data sets.
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Figure 2.14 The consensus tree generated by Neighbour-Joining method of the ITS2 sequences 

(157 base pairs) of the Thai isolates showing that they were identical to a fungus previously 

identified as A. brassicicola (isolate ABc2) and the relation of this species to other species for 

which sequence data are available. Figures are bootstrap confidence levels given as percentages 

of 1000 bootstrapped data sets.
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Figure 2.15 The consensus tree generated by Neighbour-Joining method of the combined 

sequences of the ITS1 and ITS2 (336 base pairs) of the Thai isolates showing that they were 

identical to a fungus previously identified as A. brassicicola (isolate ABc2) and the relation of this 

species to other species for which sequence data are available. Figures are bootstrap confidence 

levels given as percentages of 1000 bootstrapped data sets.
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2.4 DISCUSSION

Dark leaf spot diseases of brassica crops have been attributed to three 

Alternaria species namely, A. brassicae, A. brassicicola and A. raphani 

(Weimer, 1924; Changsri and Weber, 1963; Babadoost and Gabrielson, 

1979; Humpherson-Jones, 1985). In Thailand, these diseases were first 

reported as early as 1966 (Puckdeedindan, 1966), while A. brassicicola was 

only recognised as the possible causal agent in 1983 when Sontirat et al. 

(1983) isolated the fungus from lesions on the same four brassicas that have 

been used in the current study. However, pathogenicity tests were not 

included in their paper.

In the present experiments, lesions on the leaves of cabbage, 

cauliflower, Chinese kale and choi-sum showed symptoms that accord with 

the descriptions given by Weimer (1924) and Wiltshire (1947) for Alternaria 

leaf spot diseases of brassicas by having dark, central necrotic spots, 

measuring 1-10 mm in diameter, that were mostly surrounded by a chlorotic 

halo. Spores isolated from the lesions and cultured on PDA gave fungal 

colonies with spore morphologies which were consistent with those described 

for A. brassicicola by Wiltshire (1947) and Yu (1992). However, they were 

smaller, the measurements being 13-44 x 8-21 pm compared with 18-130 x 8- 

30 pm (Whiltshire, 1947) and 15-80 x 8-20 pm (Yu, 1992). The fungus was 

proved to be the cause of the disease by the completion of Koch’s postulates.

The identification of the pathogen by morphology would have been 

difficult had it been carried out without the knowledge of the host association
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because A. brassicicola is morphologically similar to several species of 

Alternaria, for example A. alternata, A. tenuissima and A. dianthi (see Ellis, 

1971; Rotem, 1994). Confirmation of the identity of the pathogen was sought 

by sequence analysis of rDNA which has been used to differentiate species 

of the genus Alternaria (Jasalavich et al., 1995; Kusaba and Tsuge, 1995). 

Eight isolates of the pathogen were randomly selected for the experiments 

and were representative of those from different hosts and locations. The 

sequences of the ITS1, 5.8S and ITS2 regions of the eight isolates, which 

were identical to each other, were also identical to that of a Canadian isolate 

of A. brassicicola (Jasalavich et al., 1995). Thus the causal agent of dark leaf 

spot of brassicas in Thailand was identified as A. brassicicola at the 

molecular level. Their identification was also confirmed by Dr. John David of 

CAB International.

In previous investigations, the ITS regions have provided information 

on the interspecific and intraspecific variation of several genera of plant 

pathogenic fungi, such as Phytophthora (Lee and Taylor, 1992), 

Colletotrichum (Sreenivasaprasad et al., 1994) and Gremmeniella (Hamelin 

and Rail, 1997). However, variation in the ITS regions and 5.8S gene was not 

found among isolates collected from different locations in the northern part of 

Thailand and also the Canadian isolate ABc2. Thus, such regions of A. 

brassicicola may be particularly conserved and may not be a suitable tool for 

differentiating isolates from various geographical areas.

However, without knowing the extent of variation in the ITS regions of 

the global population of A. brassicicola, it cannot be clearly stated that such
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regions are particularly strongly conserved. Another interpretation of the 

identical sequences is that the Thai and Canadian isolates may have 

originated from a recent common ancestor. Since the pathogen is seed- 

borne, infected seeds may have been transported between Canada and 

Thailand.

In addition to spreading the disease distantly and rapidly, 

contaminated seeds ensure that the pathogen survives for several years. 

When the seedlings germinate and plants grow, lesions containing chains of 

the dark spores of the fungus serve to spread the disease in and between 

crops as well as between growing seasons (Babadoost and Gabrielson, 

1979; Wu, 1979; Maude and Humpherson-Jones, 1980; Humpherson-Jones, 

1989; Sivapalan and Browning, 1992).

Profuse production in chains of the dark spores of the fungus is one 

reason why lesions have a dark appearance. However, necrosis is also 

another reason for the dark central areas in the lesions, one possibility being 

that they are caused by toxins. This particular aspect will be discussed in the 

following chapter.

-  86 -



CHAPTER 3

Phytotoxicity of Culture Filtrates of Alternaria 

brassicicola

3.1 INTRODUCTION

The causal agent of dark leaf spot disease of brassica crops in 

Thailand was identified as Alternaria brassicicola in the previous chapter. 

Necrotic and chlorotic lesions caused by the fungus suggested that one or 

more phytotoxins is involved. Toxin production by a fungus can be studied by 

growing it on a suitable medium and testing culture filtrates at various times 

for toxicity. In this chapter, isolates of A. brassicicola from cabbage, 

cauliflower, Chinese kale and choi-sum will be examined for their production 

of phytotoxic metabolites in culture as determined by their effect on leaf cells 

isolated from the four plants.
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3.1.1 Phytotoxicity of fungai cuiture fi it rates and spore germination 

liquids

Culture filtrates or spore germination liquids (SGLs) of fungal plant 

pathogens are often toxic to their hosts. For example, Meehan and Murphy 

(1947) found that Helminthosporium victoriae produced culture filtrates that 

affected oats which were varieties derived from the cultivar Victoria. 

Susceptible seedlings treated with culture filtrates turned a dull greyish-brown 

after incubation for 52 h and later dried and died (Meehan and Murphy, 

1947). Alam et al. (1989) also demonstrated that Ascochyta rabiei, a 

pathogen of chickpea, produced toxic culture filtrates when grown for 12 days 

on Czapek-Dox liquid medium supplemented with an aqueous extract of 

chickpea seeds. SGLs of Bipolaris oryzae, the causal agent of brown leaf 

spot disease of rice, and Pyricuiaria oryzae, the cause of blast disease of rice 

were studied. They were found to contain toxic metabolites that caused 

chlorosis and necrosis on leaves of susceptible varieties (Xiao et a!., 1991; 

Fujita eta!., 1994).

The toxicity of culture filtrates and SGLs obtained from fungi of the 

genus Alternaria have also been studied extensively. To give an example, A. 

tenuissima, the causal agent of leaf spot of pigeon pea, produced SGLs on 

moist paper towels. The SGLs caused necrotic lesions on leaves of 

susceptible lines of pigeon pea (Nutsugah etal., 1994).

Alternaria brassicicola is also known to produce toxic metabolites in 

liquid culture and SGLs. MacDonald and Ingram (1986) found that the
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methanol extract of a freeze-dried culture filtrate was toxic to secondary 

embryogénie lines of Brassica napus spp. oleifera (rape) and detached 

leaves of oilseed rape as well as leaves of bean, begonias, tomato, 

geranium, barley and hydrangeas. Partially purified fractions were also found 

to inhibit pollen germination and pollen tube growth of Brassica napus L , B. 

campestris L. and B. oleracea L. (Hodgkin and MacDonald, 1986). Cooke et 

al. (1997) examined SGLs of the fungus on leaf discs or leaf pieces of 

Brassica napus cv. Li bravo (rape) and other species. The SGLs produced 

symptoms identical to those of the disease on leaves of the host as well as 

leaves of other members of the family Brassicaceae (= Cruel ferae). A range 

of plant species were sensitive to the SGLs produced on B. napus but 

Brassica species were generally more sensitive than non-Brass/ca species. 

The plant surface was also important, toxins being produced on all members 

of the Brassicaceae tested but not on unrelated species such as wheat, pea 

and tomato. More recently, SGLs of A. brassicicola inoculated on the lower 

surface of cabbage leaves (cv. Shoshu) were found to cause water-soaking 

symptoms followed by brown necrotic lesions on leaves of several 

susceptible Brass/ca spp. (Otani etal., 1998).

No chemical structures of any of the toxins produced by A. brassicicola 

in liquid culture or SGLs, mentioned above, have been defined. The toxic 

methanol extract reported by MacDonald and Ingram (1986) was only 

partially purified and although the SGLs of A,brassicicola reported by Cooke 

et al. (1997), were unpurified, they nevertheless suggested that destruxins, 

toxins produced by another pathogen of the Brassica species, A. brassicae,
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may be responsible. However, a purified toxin was reported by Otani et a!. 

(1998). They discovered a host-specific (host-selective) phytotoxin that the 

fungus produced from germinating spores. The toxin was suspected to be a 

protein with a molecular weight of about 35 kDa. Activity was destroyed by 

heat and proteinase K. The structure of the compound which is named AB- 

toxin, presumably taken from the first letters of the name of the fungus, A. 

brassicicola, is still under investigation.

3.1.2 Cell assay

In order to investigate the toxicity of metabolites produced by fungal 

pathogens, a suitable bioassay is required. It is important that assays should 

be quantitative, sensitive, simple to perform and reproducible. Many parts of 

plants can be used in assays such as roots, seedlings, cuttings and leaves. 

For example, a bioassay based on inhibition of root growth of seedlings was 

used to detect HC-toxins from Heiminthosporium carbonum  (Rasmussen and 

Scheffer, 1988) and a leaf puncture assay to detect the necrosis inducing 

toxins produced by Alternaria alternata Japanese pear pathotype (Hayashi et 

al., 1990). Oat protoplasts were used for detection of victorin, a host-selective 

toxin produced by Helminthosporium victoriae (Gendloff etal., 1987).

Some assays are not suitable for detection of toxins because of their 

insensitivity (Yoder, 1981). For example, the leaf puncture technique was 

nearly 900 times less sensitive than protoplasts for the detection of T-toxin 

from Helminthosporium maydls race T (Yoder, 1981). The use of cells or

- 9 0 -



Chapter 3 /  Phytotoxicity of culture filtrates

protoplast assays was emphasised as a sensitive and quantitative way of 

detecting toxins by Latif et al. (1993) and Chen and Strange (1994) who used 

this technique to determine the toxicity of the solanapyrone toxins produced 

in culture by Ascochyta rabiei.

Isolated cells or protoplasts are convenient assay materials for toxins 

which cause cell death for several reasons:

(i) their use avoids the diffusion problems inherent in intact tissue;

(ii) dead and live cells or protoplasts may easily be distinguished by 

appropriate stains; and

(iii)dead and live cells or protoplasts may be counted to give a quantitative 

measure of toxicity.

The technique was also used to monitor the toxic activity in the 

separation and purification of the toxins of Alternaria brassicicola in the 

present study (see chapters 4 and 5).

This chapter reports studies on the production of phytotoxic 

metabolites by isolates of Alternaria brassicicola and their effects on Brassica 

species.
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3.2 MATERIALS AND METHODS

3.2.1 Colony growth of Alternaria brassicicola at different 

temperatures

Mycelial discs (6 mm) from the edge of 7-day-old cultures of the 

cabbage isolate CB001 of Alternaria brassicicola were used to inoculate fresh 

potato dextrose agar (PDA) plates. After placing each mycelial disc in the 

centre of each plate using a sterile needle, the PDA plates were incubated in 

the dark at temperatures of 5°C, 15°C, 20°C, 25°C, 30°C, 35°C and 40°C ± 

1°C (6 plates per temperature). Colony diameters were measured every 3 

days with two measurements being made at right angles to each other for 

each colony.

Colony diameters at day 9 were subjected to One-way Analysis of 

Variance using the Least Significant Difference Test at p<0.05 on the MSTAT 

statistical programme (version 1.3, Michigan State University, USA).

3.2.2 Preparation of the solutions for ceii assay

Holding buffer consisting of 50 mM citric acid, 1 mM magnesium 

sulphate (MgS0 4 ), 1 mM potassium dihydrogen phosphate (KH2PO4), sodium 

hydroxide (NaOH) 5.8 g/L and glucose 100 g/L in distilled water was 

prepared. The solution was adjusted to pH 5.8 with hydrochloric acid (HCI) 

and kept at 4°C.
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Digestion solution was prepared by dissolving Pectolyase Y-23 (ICN 

Biomedicals Inc., USA) 50 mg/mL, Macerozyme (Yakult Honsha Co. Ltd., 

Tokyo, Japan) 15 mg/mL and Bovine serum albumin (BSA; Sigma, USA) 500 

mg/mL in 100 mL of the holding buffer. The solution was distributed into 20- 

mL vials (10 mL/vial) and stored at -20°C until required.

Vital stain solution: a stock solution of fluorescein diacetate (FDA) was 

prepared by dissolving 50 mg of fluorescein diacetate in 10 mL acetone. The 

stock solution was maintained at -20°C and diluted with holding buffer (1:49) 

immediately before use (Widholm, 1972).

3.2.3 Growth of plants

Seeds of cabbage and cauliflower (Suttons Seeds Ltd., Torquay, UK), 

Chinese kale and choi-sum (Horticultural Research International, 

Wellesbourne, UK) were used to grow plants in order to obtain leaves for the 

assay. Seeds were sown in Levington's multi-purpose compost (Levington 

Horticulture Ltd., Ipswich, UK) in 15-cm plastic pots (5-8 seeds per pot). 

Plants were grown in a greenhouse at 20 ± 2°C with a 16 h photoperiod and 

watered every other day.

3.2.4 Preparation of isolated cells

The 3^ or 4'*̂  true leaves from 3 to 4-week-old plants were harvested, 

cut into 2-3 mm^ pieces and immediately placed in 10 mL digestion solution.
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A vacuum was pulled and released three times and the leaflets were stirred 

slowly with a magnetic stirrer for 15-30 min by which time the leaflets were 

disintegrating. The disintegrating leaf pieces were filtered through four 

thicknesses of muslin and washed three times by centrifugation at 80 g in 

holding buffer for 5 min. They were finally resuspended in ice-cold holding 

buffer at a density of 0.2 A units at 620 nm (Latif et al., 1993).

The isolated cells were checked to determine that the viability was 

more than 60% before use, otherwise they were discarded (see section 3.2.6 

on how to score the viability of cells).

3.2.5 Preparation of samples for assay

Serial two-fold dilutions of culture filtrates or sample preparations in 

holding buffer were prepared in a 96-well, flat bottomed microtest plate (50 

pL/well; Greiner Labortechnik Ltd., Gloucestershire, UK). This was done by 

filling all wells with 50 pL of holding buffer except those in columns 1 and 11. 

Duplicate samples (100 pL) were placed in well 1 of two rows and serially 

diluted (two fold dilutions) by transferring 50 pL aliquots from well 1 to 2, 2 to

3..... 9 to 10 (the extra 50 pL in wells of column 10 was placed in the empty

wells of column 11). Wells 12 were the control wells which contained holding 

buffer only. After completion of the dilution step, cell suspension (50 pL/well) 

was added to all wells including the control wells. The plate was wrapped in 

aluminium foil and incubated in the dark at 25°C for 3 h.
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3.2.6 Scoring cells and calculating units of toxic activity

After incubation, 50 |jL of freshly made FDA solution (stock acetone 

solution diluted 1:49 with holding buffer) was added to the wells and 

incubated for 5 min. Cells were examined under an Olympus inverted 

microscope (model IMT) equipped with epifluorescence optics. Fifty cells were 

counted in each well. Those fluorescing yellow-green were scored as live and 

those not fluorescing as dead. Dead cells were easily visualised when plates 

were illuminated by low intensity light which passed through a red filter from 

above the plate.

Toxic activity of the sample preparations was expressed in units of 

activity where one unit of activity was defined as the dose that caused 50% 

death of the plant cells, the LD50. The LD50 value of a sample preparation was 

obtained by plotting probit % death of cells against loga dilution of the 

preparation and the dilution factor which corresponded to 50% cell death was 

extracted from the graph. The number of units in a preparation was calculated 

as follows:-

1. Percentage cell death = C - T x 100
C

where C = Number of live cells in control wells 

T = Number of live cells in test wells

2. Percentage cell death was converted to probit values using the table in 

Appendix 6 .

3. Probit values (Finney, 1971) were plotted against log2 of the dilution 

factor. The dilution factor corresponding to 50% cell death (LD50 value
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= 1 unit of activity) was ascertained from the graph and converted to 

the arithmetic scale.

4. Units of activity (per mL) of each preparation was calculated as 

follows:-

1000 (uL) X dilution factor giving LD50 value 
V (pL)

where V = Volume of solution assayed (usually 50 pL).

5. If total units of activity of a preparation were required the total volume 

of the preparation (mL) was multiplied by the units of activity per mL.

3.2.7 Preparation of culture filtrates

A liquid medium described by Chen and Strange (1991) was prepared 

by dissolving zinc sulphate (ZnS0 4 *7 H2 0 ) 50 mg/L, lithium chloride (LiCI) 5 

mg/L, copper chloride (CUCI2 2 H2O) 20 mg/L, manganous chloride 

(IVInCL 4 H2O) 20 mg/L, calcium chloride (CaCL 2 H2O) 100 mg/L, cobalt 

chloride (CoCl2’6H20) 20 mg/L, sodium molybdate (Na2lVlo0 4  2 H2O) 20 mg/L, 

boric acid (H3BO3) 10 mg/L and Czapek-Dox nutrients 33.4 g/L (Oxoid, 

Unipath Ltd., UK) in distilled water. The medium was distributed in 30 mL 

aliquots into 72 conical flasks (250 mL). They were autoclaved at 121°C for 

20 min and allowed to cool. Spore suspensions of A. brassicicola (1 mL; 

1x10® spores/mL) from cabbage (isolate CB001), cauliflower (isolate CF001), 

Chinese kale (isolate CK001) and choi-sum (isolate CS001) were used to
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inoculate the medium and the cultures were incubated for 3, 6, 9, 12 and 15 

days in the dark at 25°C.

When required, triplicate cultures were harvested by vacuum filtration 

through three thicknesses of Whatman No.1 filter paper to remove spores 

and mycelia on a Büchner funnel and the filtrates were filtered again through 

a single Whatman No.1 filter paper. Filtrates were freeze-dried and 

reconstituted at 10 times the original concentration by dissolving them in 

holding buffer. Uninoculated medium was treated as controls.

pH values of the culture filtrates were measured and mycelium weights 

obtained after drying the mycelia in an oven at 55°C overnight.

3.2.8 Phytotoxicity test of the cuiture fiitrate preparations

The concentrates from triplicate samples harvested after incubation for 

3, 6, 9, 12 and 15 days for the four fungal isolates including the controls (72 

preparations) were tested for toxicity on cells isolated from leaves of the four 

host plants, cabbage, cauliflower, Chinese kale and choi-sum.

Maximum toxic values from each combination of fungal isolate and 

plant cell were subjected to analysis of variance using a Two Factor 

Completely Randomised Design. Significance was determined at p<0.05, 

using Least Significant Difference Test. All calculations were performed using 

the MSTAT statistical programme (version 1.3, Michigan State University, 

USA).
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3.3 RESULTS

3.3.1 Colony growth of A. brassicicola at different temperatures

A. brassicicola grew at temperatures as low as 5°C (0.94 mm per day) 

on PDA. The growth rate increased as the temperatures increased up to 25°C 

(7.44 mm per day), decreased at higher temperatures and ceased at 40°C. 

Although the growth rates at 20°C and 25°C were similar, it was greater at the 

higher temperature (p<0.05) (Figures 3.1 and 3.2).

3.3.2 Cell assay

Cells were successfully isolated from plant leaflets with viability 

varying from 65% to 90%, depending on the age of plants and the seasons 

when they were grown. During the summer time, cells from young plants (3- 

week-old) usually had more than 80% viability. Cell suspensions at a density 

of 0.2 A units at À = 620 nm contained 75,000-90,000 cells/mL.

Toxicity was determined by the ability of the culture filtrates to kill cells. 

The basis of the assay is that live cells take up the dye and cleave the 

acetate groups releasing free fluorescein to which their plasma membranes 

are not permeable. As a result, live cells fluoresce yellow-green when excited 

by light at 495 nm and dead cells appear dark because of their inability to 

accumulate or retain fluorescein diacetate or fluorescein owing to their 

damaged membranes (Figure 3.3; Strange, 1993).
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Probit % cell death was linearly related to log2 of the dilution factor of a 

toxic preparation allowing the dilution factor at the LD50 point (probit value = 

5) to be obtained (See Figure 3.4). Thereafter, toxic activity of the preparation 

was calculated according to the protocol described in section 3 .2 .6 .
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o
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0 m m  u
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incubation period (Days)

□  5°C □ 15°C □ 20°C □ 25°C □ 30°C □ 35°C □ 40°C

Figure 3.1 Effect of temperature on colony growth of A. brassicicola on PDA. Error bars 

represent standard deviations
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-  30°C

Figure 3.2 Colonies of 9-day-old cultures of A. brassicicola grown on PDA at different 

temperatures.
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Figure 3.3 Live-dead assay: live cells fluoresce yellow-green and dead cells are non- 

fluorescent.
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Figure 3.4 Graph of probit % cell death versus Ioq2 dilution factor of toxin concentration. 

From the graph the dilution corresponding to a probit value of 5 (= 50% cell death) was 

extracted (dotted line) to give the L D 5 0  dilution.
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3.3.3 Production of culture filtrates

When grown in the defined liquid medium, all four isolates of A. 

brassicicola produced mycelia and sporulated extensively, covering the 

surface of the medium within 9-12 days. The dry weight of mycelium rose 

sharply until day 9 from 0 to between 0.3 and 0.4 g but became relatively 

constant thereafter, paralleling a rise and plateauing of pH (Figure 3.5).

3.3.4 Phytotoxiclty of culture filtrates

Culture filtrates of all four fungal isolates (i.e. CB001, CF001, CK001 

and GS001) were toxic to cells of the four plant types (cabbage, cauliflower, 

Chinese kale and choi-sum). The isolate from choi-sum (CS001) was distinct 

in that maximum activity peaked at 12 days whereas in most interactions 

activity continued to rise throughout the period of culture (Figure 3.6).

Analysis of variance of the maximum toxicity values showed significant 

differences among isolates and among cells (p<0.05; Figure 3.7). When 

considering the sensitivity among cells of the plant types to culture filtrates of 

the fungal isolates, those of choi-sum were significantly less sensitive than 

those of the other three plants to culture filtrates of the cabbage isolate 

(CB001). On the other hand, cells of cauliflower and Chinese kale were 

significantly less sensitive to culture filtrates of the choi-sum isolate (CS001) 

than cells of the other two plants. When considering the toxicity among 

culture filtrates of the fungal isolates to cells of the plant types, the
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differences were greater and those of the cauliflower isolate (CB001) were by 

far the least toxic. The highest toxin titres were obtained from culture filtrates 

of the cabbage isolate when tested on cabbage cells.

a) Cabbage isolate rO .5

8.5 -- 0,4

0,3 £

7.5 ■■

-0 2 E
7 ■■

■ • 0 . 1  S6,5 ■ -
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b) Cauliflower isolate9 T t 0,5

8.5 ■ ■ • -0,4
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pH Mycelium weight

-rO.5

Figure 3.5 Dry weight of mycelium and pH of culture filtrates of the four Thai isolates of A. 

brassicicola when grown in Czapek-Dox liquid medium supplemented with cations. Vertical 

bars represent standard deviations.
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Figure 3.6 Toxic activity (units/mL) of culture filtrates of the four Thai isolates of A. 

brassicicola (isolate CB001 from cabbage, CF001 from cauliflower, CK001 from Chinese 

kale and CS001 from choi-sum) to cells of cabbage, cauliflower, Chinese kale and choi-sum. 

Each point is the mean of three replicates (For raw data see Appendix 7).
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Origin of Plant cell type Mean sensitivity of

isolate Cabbage Choi-sum Cauliflower Chinese kale all plant cell types

Cabbage a 516.9+176.8 d 262.1+10.6 ab 467.1+18.5 be 381.9+56.6 406.8

Chinese kale cd 342.7±70.9 abc 438.6+65.1 be 373.0+52.0 cd 356.3+52.8 377.7

Choi-sum cd 342.0±93.3 be 402.2+75.4 ef 129.7+55.4 e 152.3+42.1 256.6

Cauliflower ef 95.4±19.4 f 27.0+5.5 f 35.9+1.4 f 23.6+5.2 45.5

Mean toxicity 

of all isolates

324.2 282.5 251.4 228.5

Figure 3.7 Maximum toxic activity (units/mL) of culture filtrates of four isolates of A. 

brassicicola on cells of the four brassicas (bar chart above). Maximum activity was attained 

in filtrates from 12 or 15 day-old cultures. Analysis of variance was performed using a Two 

Factor Completely Randomised Design and values designated by different letters in the table 

are significantly different at p<0.05 (Least Significant Difference Test).
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3.4 DISCUSSION

The optimum temperature for growth of the Alternaria brassicicola 

isolates used in this study on PDA in common with many other fungi was 

25°C (Smith and Onions, 1994).

Isolation of single cells from the four brassica plants, cabbage, 

cauliflower, Chinese kale and choi-sum, was difficult owing to the delicate 

nature of the cells. Vigorous physical handling and prolonged incubation 

periods during vacuum infiltration and agitation killed the cells. Vacuum 

infiltration helped the digestion solution to penetrate intercellular air spaces 

within the leaf tissues, exposing more cells to the solution and facilitating the 

disintegration process. However, high vacuum caused the cells to burst. 

Agitation of leaflets allowed gentle disintegration of cells from the leaf tissue 

releasing fresh cells to the digesting solution. However, high stir speeds on 

the magnetic stirrer also damaged cells. Cells were also pelleted at very low 

centrifugation speeds because high g values crushed them.

Dry weight measurements of mycelia and pH values of culture filtrates 

showed direct relationships as they tended to increase from the beginning of 

the incubation period to day 9, becoming relatively constant thereafter. In 

contrast, there was no direct relationships between the toxic activity of the 

culture filtrates and their change of pH or production of mycelia (compare 

Figure 3.5 with Figure 3.6).

In this experiment, the Czapek-Dox liquid medium supplemented with 

cations allowed the Thai isolates of A. brassicicola to produce a large amount 

of toxic activity (maximum > 500 units/mL). In previous studies, cultures of A.
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brassicicola and A. brassicae grown on Czapek-Dox broth alone gave low 

toxin titres (Cooke et ai., 1997) as did Ascochyta rabiei, a pathogen of 

chickpea (Alam at a!., 1989). However, with the last pathogen considerable 

amounts of toxins were produced when Czapek-Dox nutrients were 

supplemented with cations (Alam at ai., 1989; Chen and Strange, 1991).

There are only a few reports of toxin production by A. brassicicola in 

liquid culture. Culture filtrates from the fungus grown on potato dextrose broth 

and freeze-dried yielded a methanol extract that was phytotoxic (Hodgkin and 

MacDonald, 1986; MacDonald and Ingram, 1986). In the present study, toxic 

culture filtrates were obtained when A. brassicicola was grown on Czapek- 

Dox liquid medium supplemented with cations. The results also show that it is 

likely that more than one compound is involved and cells from the different 

plants may be differentially sensitive to them.

Culture filtrates killed cells and thus appear to contain components 

that are the likely causes of cell death, a prominent sym ptom  of the disease. 

However, culture filtrates usually contain substantial numbers of metabolites 

some of which are toxic and some not. To determine the actual compounds 

which cause cell death, they require isolation. Since the combination of the 

culture filtrates of cabbage isolate CB001 and cells from cabbage gave the 

highest toxin titres, this combination was used in further studies reported in 

the following chapters.
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CHAPTER 4

Investigation of the Toxic Activity of Culture Filtrates 

of Alternaria brassicicola

4.1 INTRODUCTION

Results in chapter three demonstrated that culture filtrates of isolates 

of Alternaria brassicicola from cabbage, cauliflower, Chinese kale and choi- 

sum were toxic to cells isolated from these plants. The filtrates from the 

cabbage isolate, when tested on cabbage cells, gave maximum toxic titres 

and therefore this system was selected for the study of toxin production and 

purification. In this chapter a number of preliminary experiments were done in 

order to determine which techniques might be most appropriate for toxin 

isolation.

Since most known phytotoxins produced by pathogenic fungi are low- 

molecular-weight (LMW; Knoche and Duvick, 1987), the following sections 

will emphasise techniques used for the separation of this type of compounds.
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4.1.1 Extraction of toxins

After a period of incubation on a suitable substrate, a fungal culture 

usually yields a complex mixture of organic metabolites. The simplest 

techniques for initial purification are (i) the extraction of toxins from culture 

filtrates with organic solvents and (ii) the binding of the toxins to some solid 

phase, usually contained in a cartridge, and eluting them in an organic 

solvent.

4.7.7.7 Liquid‘liquid extraction

For low molecular weight toxins produced in liquid medium, the first 

stage of extraction is often by partitioning with immiscible organic solvents. 

Two immiscible liquids form two layers (usually called phases) when they are 

mixed together. Compounds in the mixture distribute between the two phases 

according to their solubility in them.

The pH of the aqueous phase is important if the compounds to be 

extracted are ionic. Ionised forms of acidic compounds can be suppressed by 

lowering the pH and those of alkaline compounds by raising the pH. The non

ionised (uncharged) substances can then be extracted in the organic phase.

Solvent extractions have been used widely for the first step of 

purification of phytotoxins from fungal metabolites. Examples of solvents used 

for toxin extraction are in Table 4.1.
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Table 4.1 Solvents used for toxin extraction from culture filtrates of plant pathogenic fungi

Solvent Toxin Fungus Reference

Acetone Cercosporin Cereospora spp. A

Benzene Tentoxin Alternaria tenuis {-A. alternata) B

Butanol Ptr-toxin Pyrenophora tritici-repentis C

Chloroform Tentoxin Alternaria tenuis (=A. alternata) D

Chloroform Tenuazonic acid Alternaria tenuissima E

Chloroform Solanapyrones Alternaria solani F

Chloroform Zinnioi Alternaria tagetica G

Diethyl ether AK- and AF-toxins Alternaria alternata H

Diethyl ether AM-toxins Alternaria mall {=A. alternata) 1

Diethyl ether Tentoxin Alternaria tenuis {=A. altemata) J

Ether Alternariol and Alternariol 

monomethyi ether

Alternaria dauci K

Ethyl acetate ACT-toxins Alternaria alternata L

Ethyl acetate AM-toxin 1 Alternaria mail {=A. alternata) M

Ethyl acetate Bipolaroxin BIpolaris cynodontis N

Ethyl acetate Exserohiione Exserohilum holmii 0

Ethyl acetate Gregatin A Cephalosporium gregatum P

Ethyl acetate Ophiobolins BIpolaris oryzae Q

Ethyl acetate Ophiobolins Drechslera oryzae R

Ethyl acetate Solanapyrones Ascochyta rablel S

Methylene chloride 

(=Dichloromethane)

HC-toxins Helmlnthosporium carbonum T
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4.1.1.2 Solid phase extraction

Solid phase extraction (SPE) is a technique in which the compounds of 

interest are removed from a mixture in solution by adsorption onto a 

stationary phase. They can then be removed from the stationary phase by 

elution with a suitable solvent. Many stationary phase materials can be used 

in SPE but the one used in this study was an octadecyl solid phase cartridge 

consisting of silica powder bonded to a C-18 chain (Figure 4.1). The non

polar groups of the cartridge interact with non-polar organic compounds by 

Van Der Waals forces and extract them from aqueous mixtures. They can be 

removed from the cartridge by eluting with methanol or acetonitrile (ACN).

CiaHay C18H37 CigHgy
I I I

0 0 0
1 I. I.

“ Si - O ■ Si - O - Si -

Octadecyl (C-18) chain

- Ô - Si - Ô - Si - Ô - Silica gel matrix
I I I I I

- Si - O - Si - O - Si -

Figure 4.1 Structure of C-18 reversed phase silica (from Houghton and Raman, 1998; p. 74).

The process of C-18 solid phase extraction can be described as 

follows (Figure 4.2):

1. Cartridge preparation. When silica particles are bonded with non-polar 

compounds to give a hydrophobic phase, they become ‘waterproof. 

Therefore, they must be conditioned in order to interact with aqueous
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samples. This is done by passing methanol through the cartridge 

followed by water.

2. Sample application. An aqueous sample containing a mixture of 

molecules is introduced into the cartridge and the more hydrophobic 

molecules are retained on the cartridge.

3. Rinse. The cartridge is rinsed, usually with water, to remove unwanted 

interferences.

4. Elution. The desired compounds are then selectively eluted by a 

suitable solvent from the cartridge.

Column
preparation

Ô

V

Sample Rinse
application

é> 3  _Ô
c P h pj

•••
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© ©
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□
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= Compound of interest 

= Interfering compounds
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Ô

Figure 4.2 Diagram illustrating C-18 solid phase extraction.
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4.1.2 Separation techniques

A mixture of organic compounds may be separated and purified by a 

wide range of chromatographic methods such as adsorption, partition, ion- 

exchange, size exclusion and affinity chromatography. Separations are often 

carried out in columns but partition chromatography may be performed on 

paper or thin layers of stationary phase material.

4 .1.2.1 Thin layer chrom atography

Thin layer chromatography (TLC) is a very simple form of 

chromatography that is used widely for qualitative identification and in many 

cases quantitative analysis. It is also used as an indicator of sample purity 

during purification processes and as an aid in the selection of appropriate 

solvent systems for column chromatography.

The stationary phase of TLC is a thin layer of fine powder combined 

with a suitable binder for good adherence to a glass or aluminium plate, or 

plastic strip. There are several stationary phases that can be used such as 

ion exchange resins and size exclusion media but the ones most commonly 

used are silica gel, alumina, and powdered cellulose (Gibbons and Gray, 

1998; p. 213). Silica gel may be converted to a hydrophobic material by 

linking it to non-polar groups (see Figure 4.1).
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4.1.2.2 Column chromatography

Column chromatography is used frequently in the separation and 

purification processes as it is easy to scale up and the column may be 

packed with a wide range of stationary phases. Samples are applied to the 

top of the column and the mobile phase is allowed to move down through the 

column either under gravity or pressure. The constituents of the mixture move 

at different rates through the column as bands. Eventually they reach the end 

of the column and elute in solution in the mobile phase.

The most commonly used stationary phase for column chromatography 

is silica gel which is polar owing to the OH groups on the silica. It is known as 

normal phase chromatography. When silica gel is bonded with a non-polar 

side chain such as an octadecyl group (C-18), it is called reversed phase 

chromatography (see Figure 4.1).

• Conventional column chromatography

Conventionally, a column is prepared by carefully pouring a slurry of a 

solid material into the column without introducing air bubbles and the column 

is set vertically to allow the stationary phase to settle. The mobile phase is 

allowed to pass through the stationary phase (particle size of 40-100 pm) 

under the force of gravity or pressure from a peristaltic pump.
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• Flash Chromatography

Flash chromatography differs from conventional column 

chromatography in that the mobile phase is forced through the stationary 

phase by compressed air which results in faster separation. Increased 

pressure also enables smaller sized particles of stationary phase to be used, 

improving resolution.

A commercial flash chromatograph used in this study provided rapid 

separation for large amounts of sample owing to the application of air 

pressure (1-3 bar) to the mobile phase. This allowed the mobile phase to 

pass quickly through the pre-packed cartridge which contained silica particles 

of 32-70 pm (Figure 4.3)

Air
supply

Solvent
reservoir

&

X

Î

Sample
injection

Flash
pre-packed
cartridge

Fraction
collector

Figure 4.3 Diagram showing the principle of flash chromatography.
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• High performance liquid chromatography

High performance liquid chromatography (HPLC) is a very effective 

separation and purification method, providing rapid separation by applying 

very high pressures, typically 100-300 bar, to the mobile phase. A powerful 

pump is required to elute the column which consists of a tightly packed bed of 

fine particles, typically 3-10 pm in diameter, contained in a stainless steel 

tube. The most commonly used packing materials are silica and reversed 

phase silica i.e. C-2, C-8 and C-18 bonded silica.

Highly sensitive detectors are usually required for HPLC, those 

commonly used being refractometers and ultraviolet detectors. A diode array 

detector measures the absorption of eluting compounds over a range of 

wavelengths without having to stop the solvent flow. The absorption spectrum 

gives added information about the sample because it can be used to 

determine whether a peak consists of a single substance or two or more 

unresolved materials by comparing the spectra at different time points within 

the peak.
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4.2 MATERIALS AND METHODS

4.2.1 Production of culture filtrates

The liquid medium described in section 3.2.7 was distributed into 1-L 

Roux bottles (100 mL per bottle) and autoclaved at 121°C for 20 min. After 

cooling, spore suspensions of A. brassicicola isolate CB001 (3.5 mL; 1x10® 

spores/mL) were inoculated into each bottle and the medium incubated for 15 

days in the dark at 25°C. Cultures were harvested as described in section 

3.2.7.

4.2.2 Dialysis of culture filtrates

Dialysis membrane of molecular weight cut-off 12-14 kDa (Medicell 

International Ltd., UK) was pretreated in order to remove manufacturer's 

residues before use. The membrane was cut into pieces c. 30 cm long before 

boiling in 10 mM sodium bicarbonate for 10 min. The pieces were transferred 

to boiling 10 mM Na2EDTA pH 8.0 and boiled for a further 10 min. After 

washing in distilled water for several minutes they were stored in 50% ethanol 

at 4°C.

Culture filtrate was freeze-dried and dissolved in distilled water to give 

a 10 fold concentration (lOx preparation). The pretreated dialysis membrane 

was removed from the ethanol storage solution and rinsed with distilled 

water. One end of the membrane was clamped and the sample preparation 

introduced. After clamping the other end and checking for leakage, the
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membrane was immersed in a beaker containing a large volume (a. 100-200 

times the sample volume) of Tris-HCI buffer (50 mM; pH 7.5). Dialysis was 

performed at 4°C overnight with agitation being provided by a magnetic 

stirrer. The dialysate and diffusate were freeze-dried and assayed for cell 

killing activity.

4.2.3 Assessment of the heat stability

Culture filtrates and dialysates (5 mL) were heated in a boiling water 

bath for 15 min and the cell killing assay results (see method in section 3.2.2-

3.2.6) compared with non-heated controls.

4.2.4 Liquid-liquid extraction of cuiture filtrates

Extraction with Diethyl ether

Culture filtrate (100 mL) was adjusted to pH 2.0 with 2 M sulphuric acid 

(H2SO4) and extracted three times with one-third volume of diethyl ether. The 

diethyl ether phases (upper part) were combined and dried over anhydrous 

sodium sulphate (Na2S0 4 ). They were filtered through a N0 .I Whatman filter 

paper to eliminate the sodium sulphate powder and the filtrate was 

evaporated to dryness at 30°C using a vacuum evaporator (Büchi Rotavapor, 

model R110). The residue was dissolved in 100 pi methanol. Organic solvent 

remaining in the aqueous phase was eliminated by vacuum evaporation
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before freeze-drying and dissolving in holding buffer (for formula see section 

3.2.2) to yield a 10x concentration. Both phases were assayed. The 

experiments were performed in triplicate along with uninoculated culture 

medium as controls.

Extraction with Dichioromethane

Culture filtrate (100 mL) was partitioned into dichioromethane in 

triplicate following the procedures described for the extraction with diethyl 

ether above. The dichioromethane extract (lower part) and the aqueous 

phase (upper part) were assayed.

Extraction with Ethyi acetate

Culture filtrate (100 mL) was partitioned into ethyl acetate in triplicate 

following the procedures described for the extraction with diethyl ether above. 

The ethyl acetate extract (upper part) and the aqueous phase (lower part) 

were assayed.

4.2.5 Solid phase extraction of ethyl acetate extracts

The ethyl acetate extract from 100 mL culture filtrate (dissolved in 250 pL 

methanol and diluted with 5 mL water) was applied to a pre-conditioned solid 

phase extraction (SPE) Isolute cartridge (1g, C-18 end-capped; Jones 

Chromatography, UK; Figure 4.4). The cartridge was eluted serially with 10 mL 

of water, 10% ACN, 20% ACN, 30% ACN, 40% ACN, 50% ACN and 100% ACN.
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The eluates were collected separately and the ACN component of the eluting 

solvents was removed by rotary film evaporation (Büchi Rotavapor, model 

R110). The now aqueous fractions were applied to fresh, pre-conditioned 

cartridges (1g, 0-18 end-capped; Jones Chromatography, UK) and the toxins 

were eluted in 2  mL ACN. ACN was evaporated and the residues dissolved in 

250 pL methanol. They were subjected to the cell assay and TLC analysis using 

the solvent system dichioromethane; ethyl acetate: methanol 6 :1:1 (see section

4.2.6).

4.2.6 TLC analysis

In this thesis, TLC was used to monitor the separation and purification 

processes throughout. Samples dissolved in organic solvents were spotted 

on silica TLC sheets containing a fluorescent indicator (Silica gel 60 F254, 

Merck, UK). The TLC sheets were developed in a chromatographic tank 

saturated with vapour of the developing solvent system.

Once development was complete, the solvent front was immediately 

marked. After the sheets had dried completely, they were examined in an 

ultraviolet viewing cabinet (Ultra-violet Product, Inc., Chromato-vue, model 

CC-20) using short (254 nm) and long (365 nm) wavelength UV light. Relative 

mobility of the spots to the solvent front (Rf) was calculated as followed:

Rf = Distance moved bv soot
Distance moved by solvent front
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1 = SPE cartridges

2 = SPE chamber

3 = Fraction collection

4 = Vacuum guage

5 = Vacuum connector

Figure 4.4 Solid phase extraction apparatus.
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4.2.7 Normal phase flash chromatography

The experiments were carried out using a Biotage FLASH 40 

chromatography module (Figure 4.5; Biotage, a Division of Dyax Corporation, 

Charlottesville, VA, USA) fitted with a Biotage silica gel prepacked cartridge 

system (silica gel, 40 mm I.D. x 70 mm long, 32-63 pm particle size) following 

the manufacturer’s instructions. Preliminary tests on TLC were performed in 

order to develop suitable solvent systems for separation. The most suitable 

were those that provided clear separation of the compounds but with an Rf 

value for the fastest moving spot of < 0.3. Once this was established a series 

of solvents based on this system but going from a slightly lower to higher 

polarity was used to elute the flash cartridge.

The cartridge was flushed with 100-200 mL of the least polar solvent 

before the ethyl acetate extract obtained from 200 mL of the culture filtrates 

(dissoved in 2 mL methanol) was applied. Samples were eluted at a flow rate 

of 30-40 mL/min using the solvent systems described in Tables 4.2-4.S. 

Fractions (20 mL) were collected in universal bottles and monitored by TLC 

(20-40 pL/fraction). Part of each fraction (5 mL) was amalgamated with 

similar samples of other fractions according to their solvent systems (Table 

4.5; last column), evaporated and the residues dissolved in methanol (500 pi) 

before testing for toxic activity on cells isolated from cabbage.
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1 = Air supply

2 = Solvent reservior

3 = Sample application

4 = Cartridge housing

5 = Stopcock valve

6 = Fraction collection

7 = A silica gel pre-packed cartridge;

fitted into the housing when used

Figure 4.5 A commercial flash chromatography apparatus: the Biotage Flash 40 system.
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Solvent compositions and proportions used for silica gel flash 

chromatography were as follows:

Table 4.2 Flash chromatography 1 : solvent compositions, volumes and fraction numbers

Solvent

system

Solvent Composition

(v/v/v)

Volume (ml_) Fraction

number

1 toluene 100% 200 0

2 toluene + 

ethyl acetate + 

methanol

6:3:1 500 1-22

3 ethyl acetate 100% 300 23-34

4 methanol 100% 300 35-44

Table 4.3 Flash chromatography 2: solvent compositions, volumes and fraction numbers

Solvent

system

Solvent Composition

(v/v/v)

Volume (mL) Fraction

number

1 toluene 100% 200 0

2 toluene + 

ethyl acetate + 

methanol

40:6:0.2 400 1-18

3 toluene + 

ethyl acetate + 

methanol

6:1:1 400 19-36

4 methanol 100% 200 37-47
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Table 4.4 Flash chromatography 3: solvent compositions, volumes and fraction numbers

Solvent

system

Solvent Composition

(v/v/v)

Volume (mL) Fraction

number

1 dichloromethane 100% 200 0

2 dichloromethane + 

ethyl acetate + 

methanol

12:1:1 400 1-16

3 dichloromethane + 

ethyl acetate + 

methanol

1:1:1 300 17-27

4 methanol 100% 200 28-35

Table 4.5 Flash chromatography 4: solvent compositions, volumes and fraction numbers

Solvent

system

Solvent Composition

(v/v/v/v)

Volume (mL) Fraction*

number

1 cyclohexane 100% 200 1-5

2 cyclohexane + 

dichloromethane + 

ethyl acetate + 

methanol

8:6:1:1 400 6-24

3 cyclohexane + 

dichloromethane + 

ethyl acetate + 

methanol

4:6:1:1 400 25-42

4 ethyl acetate 100% 400 43-61

5 methanol 100% 400 62-83

* 5 mL samples of these fractions of each solvent system were amalgamated and used for 

bioassay (see text)
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4.2.8 Reversed phase flash chromatography

A reversed phase flash cartridge (C-18, 12 mm I.D. x 75 mm long, 35-70 

pm particle size, Biotage Flash 12 system; Figure 4.6) was conditioned by 

flushing with 30 mL methanol, 30 mL of 80% methanol and 30 mL distilled water. 

The ethyl acetate extract from 200 mL of culture filtrate was dissolved in 200 pL 

methanol, diluted with 1.8 mL water and the aqueous sample applied to the pre

conditioned cartridge. The sample was eluted at a flow rate of 5 mL/min using a 

step gradient from 0 to 100% methanol in 25% increments (50 ml per step). The 

eluates were collected in 5 mL fractions. Organic solvent contained in the 

samples was removed with a rotary evaporator (Büchi Rotavapor model R110) 

and the remaining aqueous solutions were freeze-dried. Each sample was 

dissolved in 200 pL methanol and 20 pL of each was diluted to 100 pL in holding 

buffer (for formula see section 3.2.2) for the toxicity test on isolated cells. Serial 

two-fold dilutions of samples showing activity were made in holding buffer and 

activity was recorded as a cell death index. This was the first dilution at which cell 

death was < 100% multiplied by the percent cell death at this dilution (e.g. 70% 

cell death at a 4 fold dilution = an index of 280).
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1 = Air supply

2 = Solvent reservior

3 = Sample application

4 = Cartridge housing to fit with

the reversed phase cartridge

5 = Stopcock valve

6 = Fraction collection

7 = A reversed phase pre-packed cartridge;

fitted into the housing when used

Figure 4.6 A commercial flash chromatography apparatus: the Biotage Flash 12 system set 

up for reversed phase chromatography.
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4.2.9 Precipitation of protein

Precipitation by solvents

Precipitation was carried out in triplicate by adding ice-cold acetone or 

ethanol to 10x concentration of culture filtrates at the ratios of 5:1, 10:1 and 

15:1 v/v. The mixtures were immediately centrifuged at 21,000 g on a Sorvall 

High speed centrifuge (RC 5B) at 4-10°C for 15 min. Precipitates were taken 

up in one or other of the buffers suitable for the assays to be performed. 

Solvents were evaporated from supernatants by vacuum evaporation. The 

precipitates and supernatants were subjected to one or more of the assays 

for protein content, cell killing, tissue maceration and pectate lyase activity.

Ammonium sulphate precipitation

Ammonium sulphate precipitation was performed by slowly adding 

164.75 g ammonium sulphate [(NH4)2S0 4 ] to 250 mL of dialysate (4x 

concentration) from 1 L of the culture filtrate in a cold room (4°C) and the 

mixture was stirred for a further 2 h. The product was centrifuged at 10,000 g 

at 4°C for 15 min and the precipitate dissolved in one or other of the buffers 

suitable for the assays to be performed. The solution was dialysed against 

the buffer (1 L) overnight before assaying.
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4.2.10 Determination of protein content

Protein content of sample preparations was determined by the 

Bradford method using bovine serum albumin (BSA) as a standard (Bradford, 

1976).

4.2.11 Tissue maceration assay

Cucumber fruits purchased from a supermarket were sliced vertically 

to their long axes into 5 mm thick segments. Cylinders of the mesoderm 

tissue were removed from the segments with a 6 mm cork borer and 

immediately incubated in deionised water at room temperature for 1 h to 

ensure turgidity of the cells. Five cylinders (5 mm long x 6 mm in diameter) 

were removed, surface dried between filter papers, weighed and immediately 

placed in universal bottles with 5 mL of 50 mM Bis Tris Propane-HCI (BTP- 

HCI) buffer pH 7.5 containing 0.5 mM CaCL and 0.5 mL of the sample 

preparation (culture filtrate, dialysate or protein precipitate). They were 

incubated at 37°C for 1 h with gentle shaking. For controls, the cucumber 

cylinders were incubated with buffer alone. After incubation, the bottles were 

vortexed on a Whirlimixer for 20 s to liberate loosened cells. The remains of 

the cylinders were collected on a single layer of muslin, surface dried and 

weighed to the nearest milligram. The weight loss caused by incubation with 

buffer alone was subtracted from those caused by test solutions to obtain the 

actual effect of the sample preparation (Mussel and Morre, 1969).
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4.2.12 Pectate lyase assay

A sodium polypectate solution (1%), used as the substrate for the 

enzyme assay, was prepared by dissolving the sodium salt in deionised water 

and boiling the solution for 5 min. The preparation was centrifuged at 21,000 

gf for 15 min on a Sorvall Highspeed centrifuge to free it of solids. Calcium 

chloride was added to the buffer to a concentration of c. 0.5 mM just before 

starting the reaction. The sample preparations were dissolved in 50 mM BTR- 

HCI buffer (pH 9.5) to a lOx concentration relative to the culture filtrate. The 

reaction was started by adding 100 pL of the sample preparation to a reaction 

mixture which consisted of 150 pL of 1% sodium polypectate solution and 750 

pL of 50 mM BTP-HCI buffer (pH 9.5, containing 0.5 mM CaCb) in a 1 mL 

quartz cuvette at 25°C. Pectate lyase activity was detected as an increase in 

absorbance at 232 nm caused by the formation of an unsaturated uronide, an 

increase of 1.73 absorbance units per min being equivalent to the formation 

of 1 pmole of product per min (Keen etal., 1984).
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4.3 RESULTS

4.3.1 Production of culture filtrates

Spores were produced copiously on the surface of the liquid medium 

(Figure 4.7). After removal of the spores and mycelium, the filtrate was clear with 

a slightly yellow tinge.

Figure 4.7 A culture of isolate CB001 of A. brassicicola growing on Czapek-Dox liquid 

medium supplemented with cations and incubated in the dark at 25°C for 15 days showing a 

black layer of fungus consisting of mycelium and spores on the surface of the culture.
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4.3.2 Dialysis

Several dialysis experiments were performed. Culture filtrates were 

freeze dried to reduce sample volume prior to dialysis. Toxic activity of the 

diffusâtes was variable from about half of the activity of the freeze dried 

culture filtrates up to about two-thirds. Similarly, the dialysates contained 

about one-third to half of the activity (Table 4.6).

Table 4.6 Typical distribution of activity (units/mL) of a dialysis experiment: culture filtrates, 

dialysates and diffusâtes

Preparation Rep. 1 Rep. 2 Rep. 3 Means Percentage*

Culture filtrate 314.0 303.4 303.0 306.7 ± 6.4 100%

Freeze dried 242.5 226.3 278.6 249.1 ±26.8 81.2%

culture filtrate

Dialysate 91.9 85.7 98.5 92.0 ± 6.4 30.0%

Diffusate 171.5 149.3 149.3 156.7 ±12.8 51.1%

percentage of activity compared to culture filtrate (taken as 100%)

4.3.3 Heat stability

Only about 35% of the toxic activity of culture filtrates was stable to heat 

and only about one-quarter of the activity of dialysates (Table 4.7).

Table 4.7 Activity (units/mL) of culture filtrates and dialysates before and after heating in a 

boiling water bath

Preparation Rep. 1 Rep. 2 Rep. 3 Means Percentage*

Unheated culture filtrate 520.0 437.1 485.0 480.7 ± 41.6 100%

Heated culture filtrate 224.0 139.3 139.3 167.5 ±48.9 34.8%

Unheated dialysate 289.1 197.0 237.8 241.3 ±46.1 50.2%

Heated dialysate 85.7 32.5 59.1 59.1 ±26.6 12.3%

percentage of activity compared to unheated culture filtrates (taken as 100%)
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4.3.4 Liquid-liquid extraction

Among the three organic solvents used to partition the culture filtrates, 

ethyl acetate gave the best recovery of activity (42.5%), followed by 

dichloromethane (21.2%) and diethyl ether (15.0%; Figure 4.8; Appendix 8).

□ Diethyl ether
□  Dichloromethane
□ Ethyl acetate

Organic phase Aqueous phase
Sample preparation

Figure 4.8 Recovery of activity after partitioning culture filtrates with three solvents. Error 

bars represent standard deviations.

4.3.5 SPE of ethyl acetate extracts

The majority of the toxicity was eluted by 30% ACN (75.8%) which 

contained four components when viewed on TLC, followed by 40% ACN (12.5%) 

which also contained four components (Table 4.8; Figure 4.9).
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Table 4.8 Activity recovered from reversed phase SPE

Eluates

Rep. 1

Total units of 

activity

% recovery

Rep. 2

Total units of 

activity

% recovery

Starting material 1900.0 100% 3429.7 100%

distilled water 

10% ACN 

20% ACN 

30% ACN 

40% ACN 

50% ACN 

100% ACN

0.0

70.7

292.8 

1442.0

282.8 

0.0

186.6

0%

3.7%

15.4%

75.9%

14.9%

0%

9.8%

0.0

100.0

200.0
2599.2

348.2 

0.0

229.7

0%

2.9%

5.8%

75.8%

10.2%

0%

6.7%

Total of recovery 2275.0 119.7% 3477.0 101.4

Average of % 

recovery

110.6%

Figure 4.9 TLC of fractions eluted from the reversed phase SPE cartridge when viewed 

under short wavelength UV light. 0 = Ethyl acetate extract; 1 = Distilled water eluate; 2 = 

10% ACN eluate; 3 = 20% ACN eluate; 4 = 30% ACN eluate; 5 = 40% ACN eluate; 6 = 50% 

ACN eluate; 7 = 100% ACN eluate.
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4.3.6 Normal phase flash chromatography

Preliminary tests on TLC of the ethyl acetate extract showed that the 

solvent system toluene: ethyl acetate: methanol (TEM) 6:3:1 gave a clear 

separation with the maximum Rf of about 0.3 which was considered a suitable 

solvent for flash chromatography according to the manufacturer’s guidelines 

(Figure 4.10).

o

1 = Methanol: acetonitrile (MA) 4:3
2 = Dichloromethane: acetone (DA) 7:3
3 = Toluene: ethyl acetate: 90% formic acid (TEF) 6:3:1
4 = Toluene: ethyl acetate: methanol (TEM) 6:6:1
5 = Toluene: ethyl acetate: methanol (TEM) 6:3:1
6 = Dichloromethane: ethyl acetate: methanol (DEM) 6:1:1
7 = Dichloromethane: ethyl acetate: methanol (DEM) 12:1:1

Figure 4.10 Schematic diagram of sample separations on TLC with different solvents in 

order to develop ones suitable for silica gel flash chromatography.
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However, the series of solvent systems starting with TEM 6:3:1 (see 

Table 4.2) did not provide clear separation when applied to flash 

chromatography as most of the compounds in the sample were eluted very 

early and were in the same fractions (Figure 4.11). The less polar solvent 

systems (see Table 4.3) also produced a similar elution profile; therefore 

toluene was replaced by dichloromethane and the series of solvents starting 

with DEM 12:1:1 was applied (see Table 4.4). Although separation was 

improved by the substitution of toluene with dichloromethane, it was improved 

still further by the addition of cyclohexane although some problems arose 

with tailing (see Table 4.5; Figure 4.12). The cell killing activity of the 

collected fractions peaked in fractions eluted by cyclohexane: 

dichloromethane: ethyl acetate: methanol (cHDEM) 8:6:1:1 (Table 4.9).

Table 4.9 Activity of fractions collected from the silica gel flash chromatography (see details 

in Table 4.5)

Preparations Activity (units) % recovery

Ethyl acetate extract 15595.2 100%

Cyclohexane 800.0 5.1%

cHDEM 8:6:1:1 6859.4 44.0%

cHDEM 4:6:1:1 1392.9 8.9%

Ethyl acetate 527.8 3.4%

Methanol 1299.6 8.3%

Recovery 10879.6 69.8%
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#  #

: s

Figure 4.11 Schematic diagram of fractions numbers 1 to 16 which were eluted from the 

silica gel flash column showed no separation when the series of solvents starting with TEM  

6:3:1 (see Table 4.2) was applied. The TLC plate was developed in TEM 6:6:1. Last column 

on the right was the ethyl acetate extract.

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 E

Figure 4.12 Schematic diagram of fractions numbers 11 to 28 which were eluted from the 

silica gel flash column showed better separation when the series of solvents starting with 

cHDEM 8:6:1:1 (see Table 4.5) was applied. The TLC plate was developed in DEM 6:1:1. 

Last column on the right was the ethyl acetate extract.
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4.3.7 Reversed phase flash chromatography

At least three peaks of activity were eluted from the column. The first 

active peak was eluted in 50% methanol at fractions 19 to 27, the second in 75% 

methanol at fractions 30 to 38 and the last peak in 100 % methanol (Figure 4.13).
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Figure 4.13 Two experiments showing cell death index profiles of fractions eluted from C-18 

flash columns using the following solvents; distilled water (♦, Fr. 0-10), 25% methanol (♦, Fr. 

11-20), 50% methanol (♦, Fr. 21-30), 75% methanol (♦, Fr. 31-40) and 100% methanol (♦, 

from Fr. 41).
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4.3.8 Ethanol precipitation

Small pellets were produced when culture filtrates were treated with cold 

ethanol and centrifuged. The pellets when dissolved in BTP-HCI pH 7.5 caused 

maceration of cucumber tissue as measured by loss in weight (Table 4.10).

Table 4.10 Tissue maceration assay of protein precipitated by ethanol

Sample Weight Weight Weight % weight Mean % % weight loss

preparation before after loss (g) loss weight corrected for

reaction (g) reaction (g) loss controls

Control 1 1.0193 0.9907 0.0286 2.81%

Control 2 1.0778 1.0602 0.0176 1.63% 2.24% -

Control 3 1.0973 1.0724 0.0249 2.27%

E5-1* 1.0781 0.9948 0.0833 7.73%

E5-2 1.1394 1.0530 0.0864 7.58% 7.63% 5.39%

E5-3 1.0388 0.9602 0.0786 7.57%

El 0-1 1.1356 1.0355 0.1001 8.81%

El 0-2 1.0981 0.9873 0.1108 10.09% 9.34% 7.10%

El 0-3 1.0668 0.9696 0.0972 9.11%

El 5-1 1.0977 0.9776 0.1201 10.94%

El 5-2 1.1335 1.0377 0.0958 8.45% 9.50% 7.27%

El 5-3 1.1390 1.0351 0.1039 9.12%

* ‘E’ stands for ethanol, figures behind the letter ‘E  are the proportion of ethanol used for 1 volume 

of culture filtrate and figures after were the repiicate number.
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4.3.9 Acetone precipitation

A larger precipitate resulted from treatment of culture filtrates with acetone 

and the ability of the precipitates to cause tissue loss to cucumber was also 

greater (Table 4.11). Pectate lyase activity was detected in the precipitates as

47.2 ± 3.3 nmoles of product per min per mL of culture filtrate (Figure 4.14), 

however, cell killing activity was not detected (Table 4.12).

Table 4.11 Tissue maceration assay of protein precipitated by acetone

Sample Weight Weight Weight % weight Mean % % weight loss

preparation before after loss (g) loss weight corrected for

reaction (g) reaction (g) loss controls

Control 1 1.0193 0.9907 0.0286 2.81%

Control 2 1.0778 1.0602 0.0176 1.63% 2.24% -

Control 3 1.0973 1.0724 0.0249 2.27%

A5-1* 1.1062 0.8765 0.2297 20.76%

A5-2 0.9801 0.7819 0.1982 20.22% 20.27% 18.03%

A5-3 1.1396 0.9137 0.2259 19.82%

A10-1 1.1009 0.8353 0.2656 24.13%

A10-2 1.1898 0.8957 0.2941 24.72% 24.27% 22.03%

A10-3 1.1372 0.8647 0.2725 23.96%

A15-1 1.0720 0.8070 0.2650 24.72%

A15-2 1.1537 0.8783 0.2754 23.87% 24.43% 22.19%

A15-3 1.0436 0.7859 0.2577 24.69%

* ‘A’ stands for acetone, figures behind the letter ‘A’ are the proportion of acetone used for 1 

volume of culture filtrate and figures after were the replicate number.
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Figure 4,14 Pectate lyase activity of acetone precipitations from the treatment of 

acetone;culture filtrate 15:1 v/v. Blank contained no sample preparation; PI, P2, P3 = 

precipitates; SI, 82, S3 = supernatants.

Table 4.12 Toxic activity (units) of acetone precipitates (acetone: culture filtrate 15:1)

Rep. 1 Rep. 2 Rep. 3 Means Percentage

Culture filtrate 194.0 181.0 132.5 169.2 ±32.4 100%

Acetone 0.0 0.0 0.0 0.0 0%

precipitate

Supernatant 78.8 45.2 27.9 50.6 ±25.9 29.9%
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4.3.10 Ammonium sulphate precipitation

In contrast to the acetone precipitates, components precipitated by 

ammonium sulphate were active in the cell bioassay, 78.49% of the cell killing 

activity from the dialysate being recovered (Table 4.13). Protein content of 

the precipitates from 5 mL dialysate obtained from 100 mL culture filtrate 

were about 700 pg and represented 80.6% of the dialysate (868.3 pg).

Table 4.13 Toxic activity (units) of ammomium sulphate precipitates.

Rep. 1 Rep. 2 Rep. 3 Means % recovery

Dialysate 171.5 147.0 171.5 163.3 ±14.1 100%

(NH4)2S04 128.0 119.4 137.2 128.2 ±8.9 78.49%

precipitate

Supernatant NS* NS NS - -

* Supernatants were not suitable for the cell killing assay owing to their excessive (NH4)2S0 4  

concentrations
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4.4 DISCUSSION

As necrotic lesions are the dominant symptoms of dark leaf spot 

disease of brassicas, it was possible that these were caused by toxins and 

that they might be found in culture filtrates of the pathogen. Evidence for the 

production of such toxins in culture was presented in the last chapter. In 

order to identify these compounds it is necessary to isolate them so that the 

data from physical techniques required for identification such as mass 

spectrometry and nuclear magnetic resonance spectroscopy are not 

confounded by impurities. Data reported in this chapter therefore are from 

preliminary experiments designed to provide guidelines for the separation 

and purification of the toxins.

About one-third of the activity of culture filtrates was heat stable and 

the remainder heat labile. Thus care must be taken when working with such 

samples not to expose them to excessive heat. Further investigations showed 

that one-third to half of the activity of culture filtrates was retained by a 

dialysis membrane and most of the activity of this high-molecular-weight 

(HMW) fraction was destroyed by heat suggesting that it might consist of 

proteinaceous compounds. The low-molecular-weight (LMW) diffusible 

moiety of the toxin partitioned essentially completely into ethyl acetate from 

aqueous solution.

Taking the LMW fraction first, ethyl acetate is a solvent frequently 

used to extract such toxins from culture filtrates and was the most efficient of
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the three tried (Table 4.1 and Figure 4.8). After extraction by ethyl acetate, a 

number of methods could be used for further separation of the toxins (Figure 

4.15). Reversed phase (C-18) SPE as well as reversed phase (C-18) flash 

chromatography provided good recovery of cell killing activity but separation 

was better on the flash column. Other studies have also shown that complex 

mixtures of toxins, such as the microcystins produced by the cyanobacterium. 

Microcystis aeroginosa, have been separated successfully by application of 

reversed phase flash chromatography. In particular, the pre-packed 

cartridges proved to be a facile, rapid and reproducible tool for the 

concentration and clean-up of toxin preparations, resulting in simplified HPLC 

methods for final purification (Edwards eta!., 1996a and 1996b).

Normal phase flash chromatography has been used successfully for 

the separation of some toxins such as solanapyrones A, B and C from ethyl 

acetate extracts of culture filtrates of the fungus Ascochyta rabiei (Hamid and 

Strange, 1997). However, experiments using this technique with ethyl acetate 

extracts of A. brassicicola were not successful owing to difficulties in 

obtaining suitable solvent systems for separation as well as a problem with 

peak tailing.

No experiments were done to separate the toxin(s) in the HMW 

fraction but some data concerning its characteristics were obtained. 

Precipitates with ice cold acetone (1:15 v/v) or ammonium sulphate (95% 

saturation) differed in their properties. The acetone precipitates macerated 

cucumber tissues and a pectate lyase may have been responsible as activity 

of the enzyme was detected by an increase in absorbance at 232 nm when
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polygalacturonate was provided as substrate (Keen et al., 1984). However, 

the acetone precipitates were inactive with regard to killing cabbage cells. In 

contrast, precipitates resulting from the addition of ammonium sulphate gave 

good recovery of cell killing activity.

LMW toxins from fungal pathogens of plants have been studied 

extensively (Ballio, 1991; Otani eta !., 1995; Walton, 1996). With particular 

relevance to this thesis a large number of compounds has been isolated from 

species of Alternaria (Montemurro and Visconti, 1992). Some of these such 

as AM-, AF-, AK- toxins are host selective, only affecting the host plant of the 

pathogen. Others are non-host selective such as zinniol, tenuazonic acid and 

tentoxin, affecting several plants and may be produced by more than one 

species of the fungi as well. Studies of toxin production of Alternaria spp. 

have focused on a few species such as A. solani, A. zinniae and A. alternata. 

Such studies on A. brassicicola are rare and these have been described in 

section 3.1.1. Clearly the subject requires more attention.

HMW toxins have also been reported from a number of fungi such as 

PtSO, a 60 kDa phytotoxic glycoprotein produced by Phoma tracheiphiia, the 

causal agent of mal secco disease of citrus (Fogliano et ai., 1998), but 

generally more attention has been paid to their enzymic activity. For example 

Keen ef al. (1984) found that culture filtrates and fractionated products of the 

soft-rot bacterium, Erwinia chrysanthemi, macerated potato slices and 

determined that the enzyme pectate lyase was responsible. Pectate lyase 

was also responsible for the maceration of avocado wedges by fractionation

-1 4 7 -



Chapter 4 /  Toxic activity of culture filtrate

products of culture filtrates of Colletotrichum gloesporiodes (Wattad et al., 

1994). Pectic enzymes play an important role in penetration processes and 

are necessary for the invasion of host tissue by some pathogens. They may 

also indirectly elicit host defense mechanisms since they may degrade pectic 

polymers to oligogalacturonides of sufficient degree of polymerisation to 

activate host defences. They may also be lethal to plant cells by rendering 

the protoplast more sensitive to osmotic stress (Collmer and Keen, 1986). 

Pectic enzymes are produced by many bacterial and fungal plant pathogens 

such as species of Erwinia (Garibaldi and Bateman, 1971; Keen ef al., 1984) 

and Pseudomonas (Schlemmer at ai., 1987; Elumalai and Mahadevan, 1995), 

Fusarium (Crawford and Kolattukudy, 1987; Osagie and Obuekwe, 1991), 

Coiietotrichum (Prusky at ai., 1989) and Cochiioboius (Clay at ai., 1997) as 

well as fungi of the genus Aitarnaria. For example, Mehta at ai. (1974) 

reported that A. soiani and A. aitarnata, which were isolated from infected 

tomato fruits, produced pectolytic and cellulolytic enzymes on a tomato pulp 

medium. Kumar and Lakpale (1998) also found that A. aitarnata produced 

pectolytic and cellulolytic enzymes in vitro which they claimed play an 

important role in pathogenesis.

No research has been reported concerning pectolytic enzyme 

production by A. brassicicoia but the fungus does produce cutinases, 

enzymes involved in the penetration of the plant's cuticle. Thus they help the 

pathogen to gain access to cells but cell killing by these enzymes does not 

appear to have been reported (Trail and Koller, 1993; Koller at ai., 1995).
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In order to develop this line of research for A. brassicicola it might be 

of interest to determine if pectic enzyme production could be increased by 

growing the fungus on a medium in which pectin is the sole carbon source. 

With particular relevance to the present studies it will also be interesting to 

determine why ammonium sulphate precitipates of culture filtrates of A. 

brassicicola were active in killing cabbage cells whereas acetone precipitates 

were not.
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Figure 4.15 Suggestion for separation of LMW toxins from culture filtrates of A. brassicicola.
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CHAPTER 5

Purification and isoiation of Low-Moiecuiar-Weight 

Toxins Produced in Liquid Cuiture by Alternaria 

brassicicola

5.1 INTRODUCTION

Preliminary experiments from chapter four suggested guidelines for the 

purification and isolation procedures for low-molecular-weight (LMW) toxic 

metabolites from culture filtrates of the plant pathogenic fungus, Alternaria 

brassicicola.

Two pathways were considered, both exploiting the lipophilicity of the 

compounds to adsorb them onto C-18 silica: the first pathway involved solid 

phase extraction on a cartridge while in the second a more sophisticated and 

larger cartridge was used for reversed phase flash chromatography (see 

Figure 4.15). Both pathways allowed considerable clean-up of the toxin 

mixtures. In this chapter the scale up of the SPE and flash chromatography 

and the isolation of the toxic compounds using TLC and HPLC are 

demonstrated.
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5.2 MATERIALS AND METHODS

5.2.1 Sample preparation

Culture filtrates of the fungal isolate CB001 were obtained as 

described in section 4.2.1. The filtrates (1 L) were freeze-dried, dissolved in 

distilled water (a. 200 mL) and placed in dialysis tubing. The sample was 

dialysed against distilled water (2 L) overnight at 4°C on a magnetic stirrer.

The diffusate was adjusted to pH 2.0 with 2 M sulphuric acid (H2SO4) 

and extracted three times with one-third volume of ethyl acetate. The ethyl 

acetate phases were combined, dried over anhydrous sodium sulphate 

(Na2S0 4 ), filtered through Whatman N0 .I filter paper and evaporated to 

dryness at 30°G using a vacuum evaporator. The residue was dissolved in 5 

mL methanol.

5.2.2 Separation of toxins: pathway 1

5.2.2.1 Solid phase extraction (SPE)

The SPE 0-18 Isolute cartridge (5 g, Jones Chromatography, UK) was 

prepared by solvating with 50 mL of methanol and equilibrating with 50 mL of 

distilled water. Samples (5 mL) of the ethyl acetate extract from 1 L of culture 

filtrate dissolved in methanol (see section 5.2.1) were mixed with 45 mL 

distilled water and introduced to the cartridge. The cartridge was eluted at the 

flow rate of approximately 10-15 mL/min with:
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1. distilled water (50 mL)

2. 10% acetonitrile (50 mL)

3. 30% acetonitrile (50 mL)

4. 50% acetonitrile (50 mL)

5. 100% acetonitrile (50 mL)

6 . 100% methanol (50 mL)

All fractions were evaporated to remove organic solvents before 

applying individually to new solvated cartridges. They were eluted in 

methanol (15 mL) and the eluates were evaporated to dryness. Residues 

were redissolved in 500 pL methanol and tested for their ability to kill cells of 

cabbage by the isolated cell assay (sections 3.2.2-3.2.6).

5.2.2.2 Thin layer chromatography (TLC)

The 50% acetonitrile fraction was purified by applying it as a long, 

narrow band (90 x 5 mm) to a TLC plate (Silica gel 60 F254 containing a 

fluorescent indicator; Merck, UK) and developing the plate using the solvent 

system dichloromethane: ethyl acetate: methanol (DEM) 6:1:1. After drying, 

bands which appeared dark under short wavelength UV light were scraped 

from the plate. The silica was mixed with methanol, centrifuged at 5,000 g for 

5 min and the resulting supernatant was transferred to a clean round bottom 

flask. This procedure was repeated twice and the resulting extracts were 

added to the round bottom flask. Methanol was evaporated under vacuum 

and the sample re-dissolved in 500 pL methanol. The active compound

153



Chapter 5 /  Isolation and purification of toxins

separated was checked for purity on TLC using the same conditions 

described above and analysed by UV spectrophotometry and mass 

spectrometry.

5.2.3 Separation of toxins; pathway 2

5.2.3.1 Reversed phase flash chromatography

The ethyl acetate extract from 2 L of culture filtrates was dissolved in 10 

mL methanol and diluted with 60 mL water. The aqueous sample was applied to 

a pre-conditioned reversed phase flash cartridge (0-18, 40 mm I.D. x 70 mm 

long, 35-70 pm particle size) using a Biotage Flash 40 system (Biotage, a 

Division of Dyax Corporation, Charlottesville, VA, USA). Mobile phase 

composition and flow rate were controlled by a Waters 4000 preparative HPLC 

pump (Waters, MA, USA) using a step gradient from 0 to 100% methanol in 10% 

increments (200 mL per step) at a flow rate of 25 mL/min. The eluates were 

collected as 50 mL fractions (Table 5.1). All fractions were monitored for their 

contents by analytical HPLC (Waters 600 solvent delivery system, 490 

multichannel detector and 712 WISP autosampler) using an CDS column 

(Symmetry C-18, 46 mm I.D. x 150 mm long, 5 pm particle size. Waters, USA) 

with a gradient solvent system of 0-50% acetonitrile over a period of 20 min, 

followed by an increase to 100% acetonitrile over the next 5 min and held at 

100% for 1 min before reequilibration. Flow rate was 1 mL/min and each run 

was monitored for 40 min.
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Samples of each fraction (5 mL) were used for cell assays. The organic 

solvent contained in the samples was evaporated under vacuum and the 

remaining aqueous solutions were freeze-dried. Each sample was dissolved in 

200 pL methanol and 20 pL of each was diluted to 100 pL in holding buffer 

before assay. Serial two-fold dilutions of samples showing activity were made in 

holding buffer and activity was recorded as a cell death index. This was the first 

dilution at which cell death was < 100% multiplied by the percent cell death at 

this dilution (e.g. 70% cell death at a 4 fold dilution = an index of 280).

Fractions 28, 29, 30 and 31 were combined to give ‘Fraction A' and 

fractions 34, 35 and 36 were combined to give ‘Fraction B'. Toxins were 

removed from the aqueous solution by diluting with water, passing the sample 

through reversed phase flash cartridges (Flash 12S, 12 mm I.D. x 70 mm long 

packed with KP-HS C-18, 35-70 pm packing material, Biotage, UK) and 

eluting with methanol c. 8 mL.

Table 5.1 Solvent compositions, elution times and fraction numbers used for the elution of toxins 

from the Biotage reversed phase flash cartridge

Solvent Elution time (min) Fraction number

water 1-8 1-4

10% methanol 9-16 5-8

20% methanol 17-24 9-12

30% methanol 25-32 13-16

40% methanol 33-40 17-20

50% methanol 41-48 21-24

60% methanol 49-56 25-28

70% methanol 57-64 29-32

80% methanol 65-72 33-36

90% methanol 73-80 37-40

100% methanol 81-100 41-50

- 155



Chapter 5 /  Isolation and purification of toxins

5.2.3.2 High-performance liquid chromatography (HPLC)

‘Fractions A and B' were further purified by HPLC using a reversed 

phase CDS column (10 mm I.D. x 250 mm long, 5 pm particle size, Hichrom, 

Reading, UK) fitted with a guard column (10 mm I.D. x 12 mm long). The 

mobile phase consisted of 25% acetonitrile for ‘Fraction A' or 75% acetonitrile 

for ‘Fraction B’ and the flow rate was 3 mL/min. Peaks were collected 

according to their retention times and spectra. Collected fractions were 

evaporated and freeze dried to remove acetonitrile and water, respectively.

5.2.3.3 Thin layer chromatography (TLC)

Fractions from HPLC (section 5.2.S.2) were dissolved in methanol and 

further separated by TLC following the procedures described in section 

5.2.2.2. The separated compounds were checked for purity on HPLC using 

the same conditions as described in section 5.2.S.2 and were analysed by UV 

spectrophotometry and mass spectrometry.

5.2.4 Analysis techniques

5.2.4.1 Spectrophotometry

The absorption spectra of the toxic compounds dissolved in methanol 

were measured using a UNICAM UV-VIS spectrophotometer (Unicam Ltd., 

Cambridge, UK), scanning between 200 and 400 nm wavelength.
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5.2.4.2 Mass spectrometry

Active compounds were subjected to electron impact mass 

spectrometry (EI-MS; ionising voltage, 70 eV) with a direct insertion probe 

and by fast atom bombardment mass spectrometry (FAB-MS; School of 

Pharmacy, University of London, London, UK).

S.2.4.3 Toxin detection: ceii assay

All fractionations were assayed with cell suspensions obtained from 

cabbage leaves as described in sections 3.2.2 to 3.2.6. Only active fractions 

were subjected to further purification, otherwise they were discarded.

S.2.4.4 Toxicity test on detached ieaves of cabbage

Leaves of 3 to 4-week-old cabbage were cut and submerged in sterile 

distilled water for 15 min. Droplets (10 pL: 4-6 droplets per leaf) of the purified 

toxins were placed on the upper surfaces of leaves where wounds 1-2 mm in 

length had been made by scraping with the tip of a sterile pipette. Control leaves 

were inoculated with distilled water or 50% methanol solutions. Treated leaves 

were placed in petri plates (one each) containing moist filter paper and the petri 

plates sealed with Nescofilm to maintain high humidity. Symptoms were 

observed 2 days after inoculation.
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5.3 RESULTS

5.3.1 Separation of toxins; pathway 1

The overall pathway is set out in Figure 5.1

Ethyl acetate extract

SPE 
(C-18 Cartridge)

distilled water eluate

10% ACN eluate

30% ACN eluate

50% ACN eluate

100% ACN eluate

100% methanol eluate

TLC 
Solvent: 

DEM 6:1:1
Compound 343

Figure 5.1 Flow diagram showing separation pathway 1 used for toxin purification.

The SPE separation of the ethyl acetate extract yielded an active fraction 

(i.e. the 50% ACN eluate) and further purification by TLC separated one toxic 

compound (compound 343; Rf = 0.36-0.41). The compound had a distinct UV 

spectrum with Xmax at 204 and 302 nm (Figure 5.2). The molecular ion of the 

compound was at m/z 313 and other major fragments included m/z 251, 164, 

148 (base peak), 104, 91 and 77. The molecular ion at 313, which was 

confirmed by FAB-MS, suggested an odd number of nitrogen atoms and the 

prominent fragments at m/z 91 and 77 a benzyl group (Figure 5.3).
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Figure 5.2 UV spectrum of compound 343 showing Xmax at 204 and 302 nm.
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Figure 5.3 Electron impact mass spectrum of compound 343 showing a molecular ion at m/z 313 

which indicated the presence of an uneven number of nitrogen atoms. Prominent fragments at 

m/z 91 and 77 suggested fragmentation of a benzyl group (CyH?  ̂ion).
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5.3.2 Separation of the toxins: pathway 2

The overall pathway is set out in Figure 5.4.

‘Fraction A’ ‘Fraction B’

Fraction cA5Fraction cA1

Ethyl Acetate Extract

Compound ASCompound A1

Compound B2

TLC 
Solvent: 
DEM 6:1:1

HPLC
CDS column 
25% ACN

TLC 
Solvent: 
DEM 6:1:1

FLASH CHROMATOGRAPHY  
(C-18 cartridge)

HPLC
ODS column 
75% ACN

Figure 5.4 Flow diagram showing separation pathway 2 used for toxin purification.

Reversed phase C-18 flash chromatography of the ethyl acetate extract 

yielded at least four peaks of activity when assayed on isolated cells (Figure 5.5). 

Fractions 28-31 all contained a compound which absorbed UV light at 280 nm 

and eluted at about 23 minutes on HPLC (Figure 5.6). These were amalgamated 

to give Fraction A’. Similarly, fractions 34-36 all contained a compound which 

absorbed UV light at 280 nm and eluted at about 24 minutes on HPLC (Figure 

5.7). These were amalgamated to give ‘Fraction B’. Some of the active fractions 

were not subjected to further separation. For example, fractions 32 and 33 

contained several compounds with low UV absorption which might have 

complicated further purification processes (Figure 5.8) and fractions 39 and 41
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did not contain substantial amounts of UV detectable components and so were 

omitted (Figure 5.9).

‘Fraction A’ was resolved into several components when run on HPLC 

with 25% AON as mobile phase. Eluates from the column were collected as 

shown in Figure 5.10 and designated cAI to cA5. Only Fraction cAI and cA5 

were active in the bioassay. These fractions were further purified using silica gel 

TLC as previously described with the solvent system DEM 6:1:1 and their purity 

was checked by HPLC. Compound A1 (Rf = 0.39-0.45) was eluted as a single 

tailing peak at RT between 2.40 and 3.25 min and had Àmax at 225, 265 and 344 

nm (Figure 5.11). Its EI-MS suggested a molecular ion at m/z 247 with major 

fragmentation ions at m/z 206, 191 (base peak), 135, 56, and 39 (Figure 5.12). 

Compound A5 (Rf = 0.57-0.62) eluted between 15.20 and 16.20 min and had X̂ ax 

at 241 and 280 nm (Figure 5.13). Its electron impact mass spectrum indicated a 

molecular ion at m/z 362 with major fragmentation ions at m/z 334 (base peak), 

288, 204,176,139,113, 83 and 43 (Figure 5.14).

‘Fraction B' was resolved into several components when run on HPLC 

with 75% ACN as mobile phase. Eluates from the column were collected as 

shown in Figure 5.15 and designated cBI to cB4. Only Fraction cB2 was active 

in the bioassay and was essentially pure when re-run on HPLC and therefore the 

compound was designated B2. The compound also had distinct UV and mass 

spectra (Figures 5.16 and 5.17). These differed from the three other toxins 

separated since the UV specturm had a single peak at A,max 280 nm and a 

molecular ion at m/z 368.
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5.3.3 Detached leaf assay

On detached leaves, areas where the toxins were applied became 

necrotic, dry and paper thin within 2 days of treatment (Figures 5.18 and 

5.19).
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Figure 5.5 Elution profile of a toxin preparation from a cabbage isolate of A. brassicicola. 

Fractions were eluted from a reversed phase flash 0-18 cartridge using a step gradient of 

methanol (see Table 5.1) and assayed for activity against cells isolated from cabbage leaves 

(for details see text). Fractions 28 to 31 were combined as Fraction A’ and fractions 34 to 36 

were combined as Fraction B’.
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Figure 5.6 HPLC chromatograms of fractions collected from flash chromatography showing

fractions 28, 29, 30 and 31 which were combined as ‘Fraction A’.
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Figure 5.7 HPLC chromatograms of fractions collected from flash chromatography showing

fractions 34, 35 and 36 which were combined as ‘Fraction B’.

- 166 -



Chapter 5 /Isolation and purification of toxins

0.012

0 .0 98

0.000

10 25

0.000

10 20 30 35

Figure 5.8 HPLC chromatograms of fractions 32 and 33.
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Figure 5.9 HPLC chromatograms of fractions 39 and 41. Please note the absorbance scales

of 0.003 and 0.008 which were of very low intensity.
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Figure 5.10 HPLC 3-D chromascan of ‘Fraction A’ which was run on HPLC using an ODS 

column (250 x 10 mm I.D.) with an isocratic solvent of 25% ACN at a flow rate of 3 mOmin. 

The eluate was collected into 5 fractions; 1®' fraction from RT 2-4 min (= cAI); 2""̂  fraction 

from RT 4-7 min (= cA2); 3"̂  fraction from RT 7-11 min (= cA3); 4̂  ̂ fraction from RT 11-17 

min (= cA4) and 5̂  ̂fraction from RT 17-20 min (= cA5).
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Figure 5.11 HPLC 3-D chromascan of the purified compound A1 when run on the HPLC 

using 25% ACN as the solvent showing a tailing peak between RT 2.40 and 3.25 min. The 

chromascan shown is from RT 2 to 5 min (top panel).The superimposed spectra of the peak 

taken from RT 2.47, 2.58 and 3.18 min showed that the spectra were essentially identical 

throughout (> 99% similarity by least squares) indicating an essentially pure compound with 

Xmax 222, 265 and 344 nm (bottom panel).
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SIX

ax

110

Figure 5.12 Electron impact mass spectrum of the purified compound A1 showing a putative 

molecular ion at m/z 247 and major fragmentation ions at m/z 206, 191 (base peak), 135, 56 

and 39.
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Figure 5.13 HPLC 3-D chromascan of the purified compound AS when run on the HPLC 

using 25% ACN as the solvent showing a single peak at RT 15.20-16.20 min and the 

spectrum cut at 15.53 min showing Amax at 241 and 280 nm.
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Figure 5.14 Electron impact mass spectrum of the purified compound A5 showing a 

molecular ion at m/z 362 with major fragmentation ions at m/z 334 (base peak), 288, 204, 176, 

139, 113, 83 and 43.
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Figure 5.15 HPLC 3-D chromascan of ‘Fraction B’ which was run on HPLC using an ODS 

column (250 x 10 mm I.D.) with an isocratic solvent of 75% ACN at a flow rate of 3 mL/min. 

The eluate was collected into 5 fractions; fraction from RT 0-7 min (= cBI); 2"*̂  fraction 

from RT 7-9 min (= cB2); 3"̂  fraction from RT 9-10.5 min (= cB3) and 4*̂  fraction from RT 

10.5-20 min (= cB4).
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Figure 5.16 UV spectrum of compound B2 showing a peak at 280 nm.
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Figure 5.17 Electron impact mass spectrum of the purified compound B2 showing a putative 

molecular ion of the compound at m/z 368 and major fragmentation ions at m/z 149, 109, 95, 

73, 71, 57 (base peak).
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Figure 5.18 Necrotic lesions on cabbage leaf 2 days after treatment of abrasions with 

‘Fraction A’ (top panel). The control leaf is unaffected apart of the abrasions (bottom panel).
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Figure 5.19 Necrotic lesions occurred on cabbage leaf 2 days after treatment with the 

purified toxin A5.
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5.4 DISCUSSION

Four toxins were purified from ethyl acetate extracts of culture filtrates 

of Alternaria brassicicola in this study. All were finally purified on HPLC but 

preliminary purification of one of them was by 0-18 SPE and the other three 

by 0-18 flash chromatography.

The medium for both flash chromatography and SPE used in this study 

was essentially the same since it was 0-18 bonded silica (Figure 4.1). 

However, the flash cartridges were larger (volume 88 mL compared with 8.5 

mL) and had a more uniform particle size (35-70 pm compared with 10-90 

pm). Surprisingly, although only a single compound was purified using the 

SPE technique, it differed from all three of the compounds separated by flash 

chromatography. In further studies, it would seem that the increased 

resolving power of the flash cartridge would make it the separation material of 

choice.

In this chapter, the reversed phase flash procedure was scaled up 

from that used in chapter four, the sample being 10 times larger (equivalent 

to 2 L of culture filtrate rather than 200 mL). Furthermore the number of steps 

in the methanol gradient was increased. As a result, the elution profiles of 

toxicity differed (compare Figure 4.13 with Figure 5.5). Differences in results 

owing to scale-up procedures are common but can sometimes jeopardise the 

purification of a compound in bulk (Verrall and Warr, 1998). However, in this 

study, three toxins were isolated from the scale up procedure, the same 

number as suggested by the preliminary small-scale fractionation.
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Nevertheless, comparison of the elution profiles suggests that two more 

compounds in the larger preparation were present, peaking in fractions 39 

and 42 but these were of lower activity than those collected as ‘Fractions A 

and B’ (fractions 28-31 and 34-36, respectively).

Spectral data of the compounds purified in this study did not accord 

with known toxins produced by species of Alternaria (Montemurro and 

Visconti, 1992; Table 5.2). The EI-MS of compound 343 gave a molecular ion 

of m/z 313 and was closest in terms of mass to one of the toxins isolated from 

A. alternata rough lemon pathotype which had a molecular ion at m/z 310. 

Their fragmentation ions also did not match those of the compound from the 

rough lemon pathotype of A. alternata showed the losses of H2O (m/z [M- 

H 20r 292) and OH (m/z [IVI-OH]^ 293) but compound 343 did not. UV spectra 

of the two compound also differed, the Àmax of compound 343 being 204 and 

302 nm compared with 272 nm for the compound from the rough lemon 

pathotype of A. alternata. The uneven value of the molecular ion (m/z 313) 

suggested by EI-MS of compound 343 was confirmed by FAB-MS indicating 

the presence of an uneven number of nitrogen atoms. Prominent 

fragmentation ions at m/z 77 and 91 were also indicative of a benzyl group.

No compound with similar spectral properties to toxin A1 was found in 

the literature but it resembled compound 343 in having a putative molecular 

ion with an uneven mass number (m/z 247) suggesting the presence of an 

uneven number of nitrogen atoms and fragmentation ions of m/z 77 and 91 

indicating the presence of a benzyl group.
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The molecular ion of toxin A5 (m/z 362) was identical to that of ACTG- 

toxin F (m/z 362; C21H30O5), a toxin isolated from A. alternata tangerine 

pathotype. The fragmentation ion at m/z 334 suggests the loss of CO, which 

may come from the aldehyde group. An aldehydic group is also present in 

ACTG-toxin F. However, the UV spectra of the two compounds were different 

(1mm of 241 and 280 nm for compound A5 and Imax of 231, 263 and 288 nm 

for ACTG-toxin F).

Compound B2 was closest to Alterlosin II isolated from a culture of A. 

alternata pathogenic to knapweed. Both have a molecular ion at m/z 368 but, 

again their UV spectra differed (1mm of 280 nm for compound B2 compared 

with 255 and 348 nm for the compound obtained from the knapweed 

pathogen).

All four purified toxins gave rise to necrotic lesions on cabbage leaves, 

a symptom of the disease caused by the pathogen but the lesions were light 

in colour and uniform rather than dark and zonate. This may be because of 

the absence of the pathogen which is dark and which may respond to 

fluctuations in relative humidity resulting in zones.

Toxins may be exploited in the control of toxigenic pathogens in at 

least three ways (Strange, 1997):

(i) they can be used to screen for toxin insensitive varieties of the plant 

which would be expected to be more resistant to the pathogen;

(ii) resistant cell lines in tissue culture can be selected and regenerated; and
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(iii) plants can be genetically engineered to destroy the toxins and therefore 

resist the invasion of the pathogen.

Toxins that are involved in pathogenicity have been used to screen for 

disease resistance (Daub, 1986; Buiatti and Ingram, 1991). For example, 

genotypes of oats that were resistant to the victorin toxins produced by 

Helminthosporium victoriae were also resistant to the fungus (Wheeler and 

Luke, 1955). Partially purified toxins of H. oryzae, the pathogen of brown spot 

of rice, were used to select resistant calli. Regenerated plants were resistant 

and the resistance was heritable and stable (Vidhyasekaran et al., 1990). 

Additionally, clones regenerated from protoplasts of Russet Burbank potatoes 

that were insensitive to toxins produced by Alternaria solan! were also 

resistant to the fungus (Matern et al., 1978).

A number of reports have focused on the use of toxins from pathogens 

to screen for resistance in brassicas. Hodgkin (1990) used ethyl acetate 

extracts of culture filtrates of A. brassicicola to select for pollen resistant to 

Brassica napus. Pollen incubated with the toxic extract was used to fertilise 

plants and the pollen from some of the progeny had significantly increased 

resistance to the toxin. Shivanna and Sawhney (1993) found that the degree 

of sensitivity of leaves and pollen grains to destruxin B, a toxin produced by 

A. brassicae, of different species of brassicas was paralleled by the degree of 

susceptibility/resistance of these species to A. brassicae.

Screening of germplasms for resistance towards diseases of 

vegetables has been a primary aim of research in Thailand (Thongjiem et al., 

1988). The availability of purified toxins to aid the screening programme for
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resistance to dark leaf spot could prove useful. Alternatively, they could be 

used to select resistant cell lines in tissue culture from which resistant plants 

might be regenerated.
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Table 5.2 Comparison of toxins isolated from A. brassicicola with known toxins isolated from the species of Alternaria (Montemurro and Visconti, 1992) 

(continue next page...)

Toxin name Molecular

formula

Molecular

weight

UV pattern Xmax 

MeOH (nm)

MS pattern (m/z) Toxicity Notes

Toxin Cpd. 343 313 302 and 204 EI-MS: 313 [M^], 148, 91, 

77

FAB-MS: 337 [M+Na+H]

Causes necrotic lesions on 

cabbage leaves

Likely to contain benzyl group and 

uneven number of nitrogen atoms

Nearest

toxin

ACR(ACRL) 

compound A

C18H30O4 310 272 HR-MS: 292.2076 [M-HsCf, 

293,2086 [M -OHf 

FAB-MS: 333 [M+Naf; 349 

[M+K]+

Inactive on rough lemon Isolated from from A. alternata 

rough lemon pathotype

Toxin Cpd. A l 247 344, 265 and 

2 2 2

EI-MS: 247 [M+ ], 191,91, 

77, 56

Causes necrotic lesions on 

cabbage leaves

Likely to contain benzyl group and 

uneven number of nitrogen atoms

Nearest

toxin ■
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Table 5.2 Comparison of toxins isolated from A. brassicicola with known toxins isolated from the species of Alternaria (Montemurro and Visconti, 1992) 

(...continued from previous page)

Toxin name Molecular

formula

Molecular

weight

UV pattern A,max 

MeOH (nm)

MS pattern (m/z) Toxicity Notes

Toxin Cpd. AS 362 280 and 241 EI-MS: 362 [M^ ], 334, 

288, 204, 176 

FAB-MS: 385 [M+Na]; 

495 [M+Cs+H]

Causes necrotic lesions on cabbage 

leaves

Likely to contain an aldehydic 

group (-CHO)

Nearest

toxin

ACTG-toxin F C21H30O5 362 288, 263 and 

231

EI-MS: 362 (M) 

HR-MS: 362.2066 (M+)

Causes damages to plasma 

membranes of susceptible mandarin

Isolated from A. alternata 

tangerine pathotype

Toxin Cpd. B2 368 280 EI-MS: 368 [M^ ], 312, 

149,109 and 95 

FAB-MS: 392 [M+Na+H]

Causes necrotic lesions on cabbage 

leaves

Nearest

toxin

Alterlosin II C20H16O7 368 348 and 255 MS: 368.0669 (M+), 352, 

334 and 316

Induces necrotic lesions on 

knapweed

Isolated from A. alternata
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Conclusions

In Thailand, dark leaf spot disease of brassicas is still prevalent and 

causes serious damage to crop production in spite of the use of fungicides 

such as iprodione as seed dressings and sprays. One difficulty in controlling 

the disease is the tropical climate which is very favourable to sporulation of 

the pathogen and infection.

In Thailand, dark leaf spot disease of brassicas is often referred to as 

Alternaria disease without mentioning the actual species. This may partly 

because of the difficulty in defining the species of this genus. In general, the 

disease is caused by A. brassicicola and A. brassicae but in some instances 

A. raphani and A. alternata are also found. In practice, since symptoms 

caused by all four species are very similar, identification of the pathogen has 

usually been made on the basis of spore morphology and, to some extent, 

host-association e.g. A. raphani is normally found on radish rather than other 

hosts.

In this study, the pathogen responsible for dark leaf spot disease of 

cabbage, cauliflower, Chinese kale and choi-sum in northern Thailand in

-185 -



Chapter 6 /  Conclusions

1994 was unequivocally identified as A. brassicicola using sequences of the 

ITS regions of rDNA. The technique proved to be a useful tool for pathogen 

identification, providing more rapid and definitive results than those obtained 

by classical morphological studies of the spores.

As the pathogen attacks various parts of the plants causing necrotic 

lesions, it was hypothesised that it produced toxins which played a role in 

symptom development. Culture filtrates of the pathogen were toxic but the 

isolates from the four hosts differed in toxicity to cells separated from 

leaves of these plants. In order to define the toxins chemically, it was 

necessary to isolate them. Techniques were therefore developed that could 

be used to separate the toxins from culture filtrates of the fungus. Since 

culture filtrates from the cabbage isolate were the most toxic and cells 

separated from the leaves of this plant the most sensitive, this combination 

was used to monitor the isolation and purification of the toxins.

Four toxins, were separated from a low-molecular-weight fraction of 

the culture filtrates of the pathogen using two techniques; 0-18 SPE and 0- 

18 flash chromatography. In both techniques, the toxins were partitioned into 

ethyl acetate and adsorbed onto an essentially similar stationary phase and 

eluted with a solvent series of increasing lipophilicity. The toxins were finally 

purified successfully by HPLC and TLC.

Spectral data of these purified toxins did not accord with any toxins 

previously isolated from Alternaria spp. Further work may be required to 

develop larger scale separation methods to obtain sufficient quantity for 

analysis by and C^  ̂ NMR. If crystals were obtained, their structures could
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be defined by X-ray crystallography. All four toxins caused necrosis when 

placed on wounded leaves of cabbage, indicating the probablility that they 

are involved in virulence or pathogenicity.

In order to prove the roles of the toxins in dark leaf spot disease 

unequivocally it would be necessary to create mutants specifically deficient in 

toxin production and demonstrate a diminution of their virulence compared 

with the wild-type. Once these data were available it would be legitimate to 

use the purified toxins to screen for disease resistance. Alternatively, they 

could be used to select resistant cell lines in tissue culture from which 

resistant plants might be regenerated.

Preliminary experiments suggested that the high-molecular-weight 

(HMW) fraction of the culture filtrates was also toxic and the toxic activity 

could be precipitated by ammonium sulphate but not by acetone. The 

acetone precipitates were, however, able to macerate cucumber disc and had 

pectate lyase activity. These activities may be important aspects of virulence 

of the pathogen and their study would require further work on appropriate 

separation procedures such as gel filtration or ion exchange chromatography. 

From the practical point of view, testing varieties for their ability to inhibit the 

toxic and enzymic activities of the HMW fraction could be worthwhile.
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Appendix 1 Alignment of the sequences of the ITS1 of the Thai isolates with 18 isolates of fungi from the genus Altemaria. The alignment was 

generated by the Lasergene Navigator programme using the clustal method. A hyphen represents a gap and a period represents a base identical to 

those of the top sequence.

10 20 30 40 50 60 70
Thai isolates 
A.brassicicola Abc2*^’ 
A. alternata AA6^^’
A. raphani AR6 
A.brassicae ABll

A. dianthi DA-1*^’ 
A.panax Apxl*^’ 
A.porri Apl 
A.sesami Se-l‘̂ ’ 
A.solani IFOVSIV'^’
A. solani
A.infectoria 4A*^’ 
A.infectoria 4B*^’ 
A.lini CBS106.34^'
A. linicola^^^
A.solani ICMP6519-79 
A.solani CBSlll.44^'

CACAA-TATG AAAGCGGGCT GGACTC-ACC TCAGCAG--C ATC------- ------TGCT GTT-GGGGCC

.... A . .G...... ...A C .. -T. . .G. -— — -"«•••••« G G ....----
CC. . ...TG. ..TGCTTTAC GGCGTGC... ...A.C___

..G..A.... .A.A... -T. . . GA ---GA-C.A.
.... A . .G...... ...AC. . -T. . .G. -- • . — --- GG....---- . . .A-----.
.... A . .G...... ...AC. . -T. -- , . — .......... GG ....---- . . .A-----.
.... A . .G...... ...A.. . -T. . .G. -- . . — .......... GG ....---- . . .A-----.

. .G...... ..C... . -T. . .G.__  _ GA ...T
.... A . .G...... ..CAC.. -T. ..G. ---G.T..-.
.... A . .G...... ..CAC. . -T. . .G. ---G.T....
.... A . .G...... ..CAC. . -T. C.G. ---G.T....
.... A . .G...... ..CAC. . -T. C.G. G.T....

, AC . . ....... . . . .A. CC. . --C. .T .GG. .CTGCTTCAC GGCGTGC..G
, AC C . G ...... ....A. CC. . --C. .T .GG. .CTGCTTCAC GGCGTGC..G . C~.......

.... A . .G...... ...AC. . -T. . .G. .......... GG ....---- . . A

.... A . .G...... ..CAC.. -T. C.G. G.T....

.... A . .G...... ..CAC. . -T. C.G. G.T....

.... A . .G...... ..CAC.. -T. C.G. __ ---G.T___
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Appendix 1 (continued)

80 90 100 110 120 130 140
Thai isolates AGCCTTGCTG AATTATTC-A CCCGTGTCTT TTGCGTACTT CTTGTTTCCT TGGTGGGCTC GCCCACCACA
A.brassicicola ABc2 ...................................................................................
A, alternata AA6  T ....................................... T ............. T
A. raphani AR6 ....................................................................T ..............
A.brassicae ABll G ...................................................................................
A. alternata IFO4026  T ....................................... T ............. T
A.alternata IF08984  T ....................................... T ............. T
A. dianthi DA-1  G ......T ............. C
A .panax Apxl G ...................................................................................
A.porri Apl ...................................................................................
A.sesami Se-1 .................... C .............................................................
A.solani IF07517 .................... C .............................................................
A.solani ...-............... C ....................................................  ......
A.infectoria 4A G...C.....................................................  G ............... G..CTC
A.infectoria 4B G...C.....................................................  G ............... G..CTC
A.lini CBS106.34  T ....................................... T ............. T
A.linicola .................... C ..............................................................
A.solani ICMP6519-79 ....................C ..............................................................
A.solani CBS111.44 .................... C .............................................................
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150 160 170 180 190 200
Thai isolates AGGACAAACC -ATAAACCTT TT-GTAATTG CAATCAGCGT CAGTAACAAC ATAAT-AATT -A-
A.brassicicola ABc2 ............................................................................
A. alternata AA6  -  A T ....
A. raphani AR6   A T .............................................................
A. brassicae ABll   T ...................... A .................... A ...............
A.alternata IFO4026 .......... -  A T .C
A.alternata IF08984 .......... -  A T .C
A. dianthi DA-1 .... C ................................................... A .............. C
A.panax Apxl  C
A.porri Apl  C..T. C .............T  G ......................................... C
A.sesami Se-1  C.... C .............T  G  T G .............C
A.solani IF07517  C.... C ............. T.C...G....................... T G .........  T.C
A.solani  C.... C ............. T.C...G....................... T G .........  T.
A.infectoria 4A .... C ........C .............C...A........................ G....T........
A.infectoria 4B .... C ....... C .............C...A........................ G....T........
A.lini CBS106.34  -  A T .............
A.linicola  C.... C .............T.C...G ....................... T G .........  T.
A.solani ICMP6519-79  C. . . . C .............T.C...G ....................... T G .........  T.
A.solani CBS111.44 .... C.... C .............T.C...G ....................... T G .........  T.

(Jasalavich et a i, 1995); (Kusaba and Tsuge, 1995); (Kwon at a i, 1997); (McKay, 1998).
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Appendix 2 Alignment of the sequences of the ITS2 of the Thai isolates with 21 isolates of fungi from the genus Alternaria. The alignment was 

generated by the Lasergene Navigator programme using the clustal method. A hyphen represents a gap and a period represents a base identical to 

those of the top sequence.

Thai isolates 
A. brassicicola Abc2^^’
A, alternata AA6 
A . raphani AR6 
A. brassicae ABll 
A.alternata ATCC66981^' 
A. alternata IFO4026'^*
A. alternata IF08984^^’
A. dianthi DA-1 
A.panax Apxl 
A.dauci Adi 
A.bataticola IF06187*^^ 
A.porri Apl 
A.sesami Se-1 
A.solani IF07517^^’
A. solani^^^
A.infectoria 4A'*' 
A.infectoria 4s'*'
A.lini CBS106.34‘̂ ’
A. linicola^^^
A.solani ICMP6519-79^' 
A.solani CBS111.44'

1 10 20 30 40 50 60 70
— TACCCTCA AGCTTTGCTT GGTGTTGGGC GTCTT GT CTCCAG-TTT -GCTGG-AGA CTCGCCTTAA

G ...........................................
G ...........................................
G ...........................................
G ............. C ............................
G ...........................................
G .......................................TTT.
G .......................................TTT.
G .......................................TTT.
G .......................................TTT.
G .......................................TTT.
........................................TTT.

................................... TT. .

................................... TT. .

(4)

TG...................................
TG...................................
TG ...........................................
TG ....................................... TTT.
T G ....................................... TTT.
T G ....................................... TTT.

. . T . . . . . .  C . . . .

. . TCC . - ................ G.

. T  . CC . - ................ G .

. . . C C . - ................ G.
C . . CCGC................ G.
. . . C C . - ................ G.
- . T C - . - ................ G.
.................- .  . C _____
.................- .  . C _____
. . T . . C .......................
. . . C C . - ................ G.
. . . C C . - ................ G.
. . . C C . - ................ G.
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80 90 100 110 120 130 140
Thai isolates AGTCATTGGC AGCCGGCCTA CTGGTTTCGG AGCGCAGCAC AAGTCGCGCT CTCTTCCAGC C— AAGGTC-
A.brassicicola ABc2 ...................................................................................
A. alternata AA6 ...A................................................... A ....... AT.... A ........ T
A. raphani AR6 ...A...................................................................A ..........
A.brassicae ABll ....................................................................... A ..........
A.alternata ATCC66981 ...A................................................... A ....... AT.... A ........ T
A. alternata IFO4026 . . .A................................................... A ....... AT. ... A ........ T
A.alternata IF08984 . . .A................................................... A ....... AT. ... A ........ T
A. dianthi DA-1 ...................................................................................
A.panax Apxl ...................................................................................
A.dauci Adi ......................................................................... CC...... T
A.bataticola IF06187 ......................................................................... CC...... T
A . porri Apl ......................................................................... CC...... T
A.sesami Se-1 ......................................................................... CC...... T
A.solani IF07517 ......................................................................... CC...... T
A.solani ......................................................................... CC...... T
A.infectoria 4A  TCG.................
A.infectoria 4B  T.G.................
A.lini CBS106.34 ...A................................................... A ....... A T ... . A ........ T
A.linicola ......................................................................... CC...... T
A.solani ICMP6519-79 ......................................................................... CC...... T
A.solani CBS111.44 ......................................................................... CC...... T
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Appendix 2 (continued)

Thai isolates 
A.brassicicola Abe2 
A.alternata AA6 
A.raphani AR6 
A.brassicae ABll

150 160 170
AGCA-TCCAT AAAGCCTTTT TT CAACT TT

alternate ATCC66981 ..........  T.
alternata IFO4026 
alternata IF08984 
dianthi DA-1 

A.panax Apxl 
A.dauci Adi 
A.bataticola IF06187 
A.porri Apl 
A.sesami Se-1 
A.solani IF07517 
A.solani 
A.infectoria 4A 
A.infectoria 4B 
A.lini CBS106.34 
A.linicola 
A.solani ICMP6519-79 
A.solani CBS111.44

.A.
-G.

. —G.

. —G.

TT

,T. , 
,T. , 
,T. 
,T. 
T. 
,TT 
,TT 
,T. 
,T.

,TT,
C ............TTT. .
C ............TT...

(1) (Jasalavich etal., 1995); (Kusaba and Tsuge, 1995); (Kwon etal., 1997); (McKay, 1998)(3) (4)
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Appendix 3 Distance matrix of the ITS1 of the Thai isolates and other fungi of the genus Alternaria. The evolutionary distance was estimated by the 

programme MEGA using the Tajima-Nei method with the pairwise deletion option for gaps. Distances are the figures in the upper-right matrix, 

standard errors are in lower-left matrix.

OTUs 1 2 3 4 5 6 7 8 9 10 11
1 0.0000 0.0656 0.0347 0.0867 0.0652 0.0652 0.0584 0.0449 0.0646 0.0710
2 0.0000 0.0656 0.0347 0.0867 0.0652 0.0652 0.0584 0.0449 0.0646 0.0710
3 0.0211 0.0211 0.0647 0.0738 0.0000 0.0000 0.0377 0.0731 0.0656 0.0589
4 0.0144 0.0144 0.0208 0.1147 0.0643 0.0643 0.0576 0.0652 0.0918 0.0984
5 0.0251 0.0251 0.0229 0.0292 0.0738 0.0738 0.0665 0.0647 0.0921 0.0986
6 0.0210 0.0210 0.0000 0.0207 0.0229 0.0000 0.0373 0.0726 0.0652 0.0585
7 0.0210 0.0210 0.0000 0.0207 0.0229 0.0000 0.0373 0.0726 0.0652 0.0585
8 0.0199 0.0199 0.0156 0.0196 0.0217 0.0154 0.0154 0.0658 0.0583 0.0580
9 0.0174 0.0174 0.0225 0.0212 0.0210 0.0223 0.0223 0.0214 0.0509 0.0572

10 0.0209 0.0209 0.0211 0.0253 0.0254 0.0210 0.0210 0.0198 0.0183 0.0182
11 0.0219 0.0219 0.0200 0.0263 0.0264 0.0198 0.0198 0.0196 0.0195 0.0106
12 0.0243 0.0243 0.0223 0.0285 0.0284 0.0222 0.0222 0 . 0221 0.0219 0.0140 0.0085
13 0.0251 0.0251 0.0231 0.0296 0.0294 0.0231 0.0231 0.0230 0.0229 0.0145 0.0088
14 0.0324 0.0324 0.0345 0.0306 0.0369 0.0342 0.0342 0.0300 0.0306 0.0318 0.0306
15 0.0333 0.0333 0.0355 0.0314 0.0381 0.0353 0.0353 0.0310 0.0317 0.0330 0.0317
16 0.0211 0.0211 0.0000 0.0208 0.0229 0.0000 0.0000 0.0156 0.0225 0.0211 0.0200
17 0.0243 0.0243 0.0223 0.0285 0.0284 0.0223 0.0223 0.0222 0.0221 0.0141 0.0085
18 0.0243 0.0243 0.0223 0.0285 0.0284 0.0223 0.0223 0.0222 0.0221 0.0141 0.0085
19 0.0243 0.0243 0.0223 0.0285 0.0284 0.0223 0.0223 0.0222 0.0221 0.0141 0.0085
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Appendix 3 (continued)

OTUs 12 13 14 15 16 17 18 19
1 0.0849 0.0878 0.1523 0.1594 0.0656 0.0849 0.0849 0.0849
2 0.0849 0.0878 0.1523 0.1594 0.0656 0.0849 0.0849 0.0849
3 0.0726 0.0750 0.1549 0.1629 0.0000 0.0726 0.0726 0.0726
4 0.1130 0.1170 0.1505 0.1569 0.0647 0.1130 0.1130 0.1130
5 0.1127 0.1165 0.1761 0.1844 0.0738 0.1127 0.1127 0.1127
6 0.0721 0.0750 0.1538 0.1618 0.0000 0.0726 0.0726 0.0726
7 0.0721 0.0750 0.1538 0.1618 0.0000 0.0726 0.0726 0.0726
8 0.0717 0.0747 0.1228 0.1302 0.0377 0.0722 0.0722 0.0722
9 0.0708 0.0737 0.1293 0.1369 0.0731 0.0713 0.0713 0.0713

10 0.0307 0.0319 0.1373 0.1450 0.0656 0.0309 0.0309 0.0309
11 0.0119 0.0124 0.1288 0.1365 0.0589 0.0120 0.0120 0.0120
12 0.0000 0.1212 0.1288 0.0726 0.0000 0.0000 0.0000
13 0.0000 0.1256 0.1335 0.0750 0.0000 0.0000 0.0000
14 0.0295 0.0306 0.0052 0.1549 0.1212 0.1212 0.1212
15 0.0306 0.0318 0.0052 0.1629 0.1288 0.1288 0.1288
16 0.0223 0.0231 0.0345 0.0355 0 . 0726 0.0726 0.0726
17 0.0000 0.0000 0.0295 0.0306 0.0223 0.0000 0.0000
18 0.0000 0.0000 0.0295 0.0306 0.0223 0 . 0000 0.0000
19 0.0000 0.0000 0.0295 0.0306 0.0223 0.0000 0.0000

Distance: Tajima-Nei distance.
No. of Nucleotides in Subset: 203 of 203
OTU Labels

!.. Thai isolates 2. . A.brassicicola Abe2 3 . . A.alternata AA6
4. . A .raphani AR6 5. . A.brassicae ABll 6. . A.alternata IFO4026
7. . A.alternata IF08984 8. . A.dianthi DA-1 9. . A.panax Apxl

10. . A.porri Apl 11. . A.sesami Se-1 12. . A.solani IF07517
13 . . A.solani 14. . A.infectoria 4A 15. . A.infectoria 4B
16. . A.lini CBS106.34 17. . A.linicola 18. . A.solani ICMP6519-79
19. . A.solani CBS111.44
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Appendix 4 Distance matrix of the ITS2 of the Thai isolates and other fungi of the genus Alternaria. The evolutionary distance was estimated by the 

programme MEGA using the Tajima-Nei method with the pairwise deletion option for gaps. Distances are the figures in the upper-right matrix, 

standard errors are in lower-left matrix.

OTUs 1 2 3 4 5 6 7 8 9 10 11
1 0.0000 0.0463 0.0195 0.0262 0.0466 0.0466 0.0466 0.0130 0.0199 0.0399
2 0.0000 0.0463 0.0195 0.0262 0.0466 0.0466 0.0466 0,0130 0.0199 0.0399
3 0.0178 0.0178 0.0396 0.0460 0.0000 0.0000 0.0000 0.0607 0.0470 0.0670
4 0.0114 0.0114 0.0164 0.0195 0.0399 0.0399 0.0399 0.0196 0.0267 0.0545
5 0.0133 0.0133 0.0177 0.0114 0.0463 0.0467 0.0463 0.0263 0.0198 0.0470
6 0.0179 0.0179 0.0000 0.0166 0.0178 0.0000 0.0000 0.0603 0.0467 0.0665
7 0.0179 0.0179 0.0000 0.0166 0.0179 0.0000 0.0000 0.0603 0.0470 0.0670
8 0.0179 0.0179 0.0000 0.0166 0.0178 0.0000 0.0000 0.0603 0.0467 0.0665
9 0.0093 0.0093 0.0207 0.0115 0.0133 0.0205 0.0205 0.0205 0.0261 0.0467

10 0.0116 0.0116 0.0181 0.0136 0.0115 0.0180 0.0181 0.0180 0.0132 0.0263
11 0.0165 0.0165 0.0216 0.0198 0.0182 0.0214 0 . 0216 0.0214 0.0180 0.0133
12 0.0165 0.0165 0.0240 0.0198 0.0208 0.0238 0.0240 0 . 0238 0.0180 0.0164 0.0089
13 0 . 0150 0.0150 0.0227 0.0184 0.0195 0.0226 0.0228 0.0226 0.0166 0.0149 0.0062
14 0 . 0178 0.0178 0.0258 0.0210 0.0220 0.0257 0.0258 0.0257 0.0192 0.0164 0 .0089
15 0.0150 0.0150 0 . 0228 0 . 0168 0.0180 0.0227 0.0228 0.0225 0.0149 0.0132 0.0088
16 0.0152 0.0152 0.0206 0.0170 0,0152 0.0207 0.0209 0.0206 0.0153 0.0094 0.0063
17 0.0166 0.0166 0.0234 0.0195 0.0208 0.0234 0.0236 0.0234 0.0191 0,0164 0 . 0202
18 0.0150 0.0150 0.0221 0.0181 0.0194 0.0221 0.0222 0.0221 0.0177 0.0148 0.0189
19 0.0178 0.0178 0.0000 0.0164 0.0178 0.0000 0.0000 0.0000 0.0205 0.0181 0.0216
20 0.0149 0.0149 0.0227 0.0167 0.0179 0.0227 0.0228 0.0225 0.0149 0.0132 0.0088
21 0.0149 0,0149 0,0227 0.0167 0.0179 0.0227 0.0228 0.0225 0.0149 0.0132 0.0088
22 0.0149 0.0149 0.0227 0.0167 0.0179 0.0227 0.0228 0.0225 0.0149 0.0132 0.0088
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Appendix 4 (continued)

OTUs 12 13 14 15 16 17 18 19 20 21 22
1 0.0399 0.0332 0.0465 0.0332 0.0335 0.0401 0.0332 0.0463 0.0330 0.0330 0.0330
2 0.0399 0.0332 0.0465 0.0332 0.0335 0.0401 0.0332 0.0463 0.0330 0.0330 0 . 0330
3 0.0812 0.0740 0.0943 0.0741 0.0606 0.0753 0.0679 0.0000 0.0736 0.0736 0.0736
4 0.0545 0.0475 0.0611 0.0404 0.0406 0.0541 0.0471 0.0396 0.0401 0.0401 0.0401
5 0.0609 0.0539 0.0676 0.0467 0.0334 0.0608 0.0537 0.0463 0.0464 0.0464 0.0464
6 0.0807 0.0735 0.0937 0.0736 0.0610 0.0753 0.0680 0.0000 0.0736 0.0736 0.0736
7 0.0812 0.0740 0.0943 0.0741 0.0614 0.0758 0.0684 0.0000 0.0741 0.0741 0.0741
8 0.0807 0.0735 0.0937 0.0732 0.0606 0.0753 0.0680 0.0000 0.0732 0.0732 0.0732
9 0.0467 0.0399 0.0533 0.0330 0.0337 0.0532 0.0462 0.0603 0.0330 0.0330 0.0330

10 0.0397 0.0330 0.0397 0.0262 0.0133 0.0394 0.0326 0.0470 0.0262 0.0262 0.0262
11 0.0124 0.0062 0.0124 0.0124 0.0063 0.0597 0.0527 0.0670 0.0124 0.0124 0.0124
12 0.0062 0.0124 0.0124 0.0191 0.0597 0.0527 0.0812 0.0124 0.0124 0 . 0124
13 0.0062 0.0062 0.0062 0.0127 0.0527 0.0458 0.0740 0.0062 0.0062 0.0062
14 0.0089 0.0062 0.0124 0.0127 0.0597 0.0527 0.0943 0.0124 0.0124 0.0124
15 0.0088 0.0062 0.0088 0.0063 0.0527 0.0459 0.0741 0.0000 0.0000 0.0000
16 0.0111 0.0090 0.0090 0.0063 0.0536 0.0466 0.0610 0.0062 0.0062 0.0062
17 0.0202 0.0189 0.0202 0.0189 0.0193 0.0062 0.0748 0.0520 0 . 0520 0.0520
18 0.0189 0.0175 0.0189 0.0176 0.0179 0.0062 0.0675 0.0453 0.0453 0.0453
19 0.0240 0.0228 0.0258 0.0228 0.0207 0.0232 0.0219 0.0732 0.0732 0.0732
20 0.0088 0.0062 0.0088 0.0000 0.0062 0.0187 0.0173 0.0225 0 . 0000 0.0000
21 0.0088 0.0062 0.0088 0.0000 0.0062 0.0187 0.0173 0.0225 0.0000 0.0000
22 0.0088 0.0062 0.0088 0.0000 0.0062 0.0187 0.0173 0.0225 0.0000 0.0000

Distance: Tajima-Nei distance.
N o . of Nucleotides in Subset: 172 of 172

OTU Labels
1 Thai isolates 2. . A.brassicicola ABc2 3.. A.alternata AA6
4 A.raphani AR6 5. . A.brassicae ABll 6.. A.alternata ATCC66981
7 A.alternata IFO4026 8. . A.alternate. IF08984 9.. A.dianthi DA -1

10 A.panax Apxl 11. . A.dauci Adi 12.. A.bataticola IF06187
13 A.porri Apl 14. . A.sesami Se-1 15.. A.solani IF07517
16 A.solani 17. . A.infectoria 4A 18.. A.infectoria 4B
19 A.lini CBS106 34 20. . A.linicola 21.. A.solani ICMP6519-79
22 .. A.solani CBS111.44
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Appendix 5 Distance matrix of the combined ITS1 and ITS2 of the Thai isolates and other fungi of the genus Alternaria. The evolutionary distance 

was estimated by the programme MEGA using the Tajima-Nei method with the pairwise deletion option for gaps. Distances are the figures in the 

upper-right matrix, standard errors are in lower-left matrix.

OTUs 1 2 3 4 5 6 7 8 9 10 11
1 0.0000 0.0560 0.0275 0.0559 0.0560 0.0560 0.0357 0.0325 0.0489 0.0588
2 0,0000 0.0560 0.0275 0.0559 0.0560 0.0560 0.0357 0.0325 0.0489 0.0588
3 0.0138 0.0138 0.0522 0.0596 0.0000 0.0000 0.0487 0.0601 0.0697 0.0760
4 0.0093 0.0093 0.0133 0.0659 0.0522 0.0522 0.0388 0.0460 0.0697 0.0797
5 0.0139 0.0139 0.0143 0.0151 0.0600 0.0598 0.0461 0.0424 0.0729 0.0828
6 0.0138 0.0138 0.0000 0.0133 0.0144 0.0000 0.0482 0.0599 0.0694 0.0757
7 0.0138 0.0138 0.0000 0.0133 0.0144 0.0000 0.0482 0.0597 0.0692 0.0755
8 0.0109 0.0109 0.0127 0.0114 0.0126 0.0126 0.0126 0.0458 0.0491 0.0555
9 0.0104 0,0104 0.0144 0.0125 0.0120 0.0144 0.0143 0.0125 0.0420 0 . 0485

10 0.0128 0.0128 0.0155 0.0156 0.0159 0.0154 0.0154 0.0129 0.0118 0.0122
11 0.0141 0.0141 0.0161 0.0167 0.0170 0.0160 0.0160 0.0137 0 . 0127 0.0062
12 0.0142 0.0142 0.0159 0.0163 0.0166 0.0158 0.0157 0.0132 0.0127 0.0076 0.0061
13 0.0145 0.0145 0.0154 0.0167 0.0162 0.0155 0.0154 0.0137 0 . 0121 0.0085 0.0063
14 0.0182 0.0182 0.0206 0.0186 0.0207 0.0206 0.0206 0.0176 0.0170 0.0182 0 . 0182
15 0.0182 0.0182 0.0206 0.0186 0.0207 0.0206 0.0205 0.0175 0.0170 0.0182 0.0181
16 0.0138 0.0138 0.0000 0.0133 0.0144 0.0000 0.0000 0.0127 0.0144 0.0155 0.0161
17 0.0141 0.0141 0.0158 0.0163 0.0166 0.0159 0.0158 0.0133 0.0128 0.0076 0.0061
18 0.0141 0.0141 0.0158 0.0163 0.0166 0.0159 0.0158 0.0133 0.0128 0.0076 0.0061
19 0.0141 0.0141 0.0158 0.0163 0.0166 0.0159 0.0158 0.0133 0.0128 0.0076 0.0061
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Appendix 5 (continued)

OTUs 12 13 14 15 16 17 18 19
1 0.0591 0.0604 0.0974 0.0973 0.0560 0.0589 0.0589 0.0589
2 0.0591 0.0604 0.0974 0.0973 0.0560 0.0589 0.0589 0.0589
3 0.0732 0.0676 0.1144 0.1143 0.0000 0.0729 0.0729 0.0729
4 0.0764 0.0781 0.1056 0.1056 0.0522 0.0761 0.0761 0.0761
5 0.0795 0.0741 0.1168 0.1169 0.0598 0.0792 0.0792 0.0792
6 0.0729 0.0681 0.1144 0.1143 0.0000 0.0732 0.0732 0.0732
7 0.0724 0.0676 0.1140 0.1139 0.0000 0.0727 0.0727 0.0727
8 0.0523 0.0540 0.0874 0.0873 0.0485 0.0525 0.0525 0.0525
9 0.0486 0.0432 0.0833 0.0832 0.0601 0.0487 0.0487 0.0487

10 0.0184 0.0222 0.0940 0.0940 0.0697 0.0185 0.0185 0.0185
11 0.0122 0.0125 0.0937 0.0937 0.0760 0.0122 0.0122 0.0122
12 0.0031 0.0864 0.0865 0.0732 0.0000 0.0000 0.0000
13 0.0031 0.0886 0.0887 0.0679 0.0031 0.0031 0.0031
14 0.0173 0.0178 0.0057 0.1140 0.0859 0.0859 0.0859
15 0.0173 0.0178 0.0040 0.1139 0.0859 0.0859 0.0859
16 0.0159 0.0154 0.0205 0.0205 0.0727 0.0727 0.0727
17 0.0000 0.0031 0.0172 0.0172 0.0158 0.0000 0.0000
18 0.0000 0 . 0031 0.0172 0.0172 0.0158 0.0000 0.0000
19 0.0000 0.0031 0.0172 0.0172 0.0158 0.0000 0.0000

Distance: Tajima-Nei distance.
No. of Nucleotides in Subset: 375 of 375
OTU Labels

!.. Thai isolates 2. . A.brassicicola Abc2 3. . A.alternate AA6
4. . A.raphani AR6 5. . A.brassicae ABll 6. . A.alternate IFO4026
7. . A.alternate IF08984 8. . A.dianthi DA-1 9. . A.panax Apxl

10. . A.porri Apl 11. . A.sesami Se-1 12 . . A.solani IF07517
13 . . A.solani 14. . A.infectoria 4A 15. . A.infectoria 4B
16. . A.lini CBS106.34 17. . A.linicola 18. . A.solani ICMP6519-79
19. . A.solani CBS111.44
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Appendix 6 Probit table: Transformation of percentages to probits.

% 0 1 2 3 4 5 6 7 8 9

0 2.42 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66

10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12

20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45

30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72

40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97

50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23

60 5.25 5.28 5.31 5.33 5.36 5.39 5.41 5.44 5.47 5.50

70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81

80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23

90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.75 7.88 8.09
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Appendix 7 Toxic activity (units per mL) of culture filtrates of four isolates of A. brassicicola 

when tested on plant cells of the four host plants, cabbage (CB), cauliflower (CF), Chinese 

kale (OK) and choi-sum (OS).

CB cells CF cells CK cells CS cells
Rep. 1 0.0 0.0 0.0 0.0

Control Rep. 2 0.0 0.0 0.0 0.0
Rep. 3 0.0 0.0 0.0 0.0
Rep. 1 0.0 0.0 0.0 3.7

Day 3 Rep. 2 0.0 0.0 0.0 2.6
Rep. 3 0.0 0.0 0.0 0.0
Rep. 1 50.2 27.9 39.4 26.0

CB isolate Day 6 Rep. 2 93.7 26.0 55.7 32.0
Rep. 3 97.0 29.9 59.7 29.9
Rep. 1 181.0 55.7 84.5 97.0

Day 9 Rep. 2 200.9 59.7 119.4 84.5
Rep. 3 362.0 59.7 168.9 73.5
Rep. 1 181.0 55.7 104.0 42.2

Day 12 Rep. 2 247.3 55.7 111.4 45.3
Rep. 3 247.3 59.7 128.0 45.3
Rep. 1 675.6 445.7 337.8 256.0

Day 15 Rep. 2 548.8 477.7 362.0 274.4
Rep. 3 326.3 477.7 445.7 256.0
Rep. 1 0.0 0.0 0.0 0.0

Control Rep. 2 0.0 0.0 0.0 0.0
Rep. 3 0.0 0.0 0.0 0.0
Rep. 1 0.0 4.8 5.1 0.0

Day 3 Rep. 2 0.0 3.7 4.1 0.0
Rep. 3 0.0 3.7 2.6 0.0
Rep. 1 20.4 9.2 6.1 4.8

CF isolate Day 6 Rep. 2 27.9 9.2 5.3 3.7
Rep. 3 35.5 12.6 5.5 3.7
Rep. 1 56.6 13.0 25.1 17.2

Day 9 Rep. 2 56.6 16.6 22.6 18.4
Rep. 3 52.8 13.0 19.7 13.9
Rep. 1 69.6 17.2 25.1 21.1

Day 12 Rep. 2 69.5 18.4 27.9 32.0
Rep. 3 65.0 13.9 17.8 27.9
Rep. 1 113.1 34.3 26.0 26.0

Day 15 Rep. 2 98.5 36.8 18.4 17.2
Rep. 3 74.6 36.8 24.3 26.0
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Appendix 7 (continued)

CB cells CF cells CK cells CS cells
Rep. 1 0.0 0.0 0.0 0.0

Control Rep. 2 0.0 0.0 0.0 0.0
Rep. 3 0.0 0.0 0.0 0.0
Rep. 1 0.0 0.0 4.9 4.9

Day 3 Rep. 2 0.0 0.0 4.9 4.9
Rep. 3 0.0 0.0 8.0 8.0
Rep. 1 137.2 8.6 16.0 78.8

CK isolate Day 6 Rep. 2 137.2 32.0 17.2 78.8
Rep. 3 207.9 78.8 27.9 64.0
Rep. 1 194.0 64.0 181.0 59.7

Day 9 Rep. 2 274.4 73.5 222.9 43.7
Rep. 3 274.4 73.5 222.9 59.7
Rep. 1 147.0 238.9 294.1 388.0

Day 12 Rep. 2 181.0 256.0 207.9 415.9
Rep. 3 362.0 388.0 157.6 512.0
Rep. 1 274.4 315.2 337.8 388.0

Day 15 Rep. 2 337.8 388.0 315.2 415.9
Rep. 3 415.9 415.9 415.9 256.0
Rep. 1 0.0 0.0 0.0 0.0

Control Rep. 2 0.0 0.0 0.0 0.0
Rep. 3 0.0 0.0 0.0 0.0
Rep. 1 4.4 2.6 0.0 4.6

Days Rep. 2 7.5 2.2 0.0 3.5
Rep. 3 5.5 7.0 0.0 4.3
Rep. 1 7.5 12.1 20.4 26.0

CS isolate Day 6 Rep. 2 7.5 6.1 27.9 24.3
Rep. 3 6.3 3.7 35.5 13.9
Rep. 1 119.4 29.9 56.6 55.7

Day 9 Rep. 2 128.0 27.9 56.6 29.9
Rep. 3 55.7 24.3 52.8 42.2
Rep. 1 315.2 181.0 128.0 445.7

Day 12 Rep. 2 445.7 137.2 200.9 445.7
Rep. 3 265.0 71.0 128.0 315.2
Rep. 1 78.8 90.5 59.7 181.0

Day 15 Rep. 2 93.7 168.9 55.7 194.0
Rep. 3 90.5 55.7 55.7 84.5

-2 0 3 -



Appendix 8 Toxic activity (units per mL of orginal culture filtrate) of organic fractions 

obtained by solvent extraction.

Solvent Prep. Rep. 1 Rep. 2 Rep. 3 Means % recovery

Diethyl- CF 298.6 320.0 320.0 312.9 ±12.4 100%

ether Org. ph. 34.3 57.3 49.5 47.0 ±11.7 15.0 ±3.7%

Aq. ph. 56.2 62.0 59.0 59.1 ±2.9 18.9 ±0.9%

Dichloro- CF 181.9 403.6 275.7 287.1 ±111.3 100%

methane Org. ph. 71.6 45.0 66.3 61.0 ±14.1 21.2 ±4.9%

Aq. ph. 104.5 137.9 142.7 128.3 ±20.8 44.7 ±7.3%

Ethyl CF 314.0 303.0 303.0 306.7 ±6.4 100%

acetate Org. ph. 121.3 130.0 139.3 130.2 ±9.0 42.5 ± 2.9%

Aq. ph. 46.0 35.0 40.6 40.5 ±5.5 13.2 ±1.8%

Prep. = preparation; CF = culture filtrate; Org. ph. = organic phase; Aq. ph. = aqueous phase
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Identification and toxicity of Alternaria brassicicola, the I 
causai agent of dark ieaf spot disease of Brassica species 
grown in Thaiiand

P. Pattanamahakul and R. N. Strange*
Department of Biology, Darwin Bviiding, University College London, Gower Street, London WC IE  6BT, UK

Fungi, with spores characteristic of the genus Alternaria, were isolated from necrotic lesions on leaves of cabbage, 
cauliflower, Chinese kale and choi-sum growing in Thailand, and were proved by Koch’s postulates to be the causal 
agents of a disease known as dark leaf spot. All isolates corresponded in morphology to descriptions of Alternaria 
brassicicola and the identification was confirmed by analysis of the U S l, 5*8S gene and ITS2 regions of rDNA, the 
nucleotide sequences of isolates from all four plants being identical to each other and to the published sequence of a 
known isolate of A. brassicicola. Culture filtrates of isolates of the fungus from each host, grown on a defined medium 
consisting of Czapek-Dox nutrients supplemented with cations, were toxic to cells isolated from the four host plants. 
Taking the data overall, filtrates from the cauliflower isolate were significantly less toxic than those from the other 
isolates. Although the filtrate from the cabbage isolate was most toxic to cabbage cells and that of the choi-sum isolate 
most toxic to choi-sum cells, filtrates of the Chinese kale and cauliflower isolates were most toxic to cells of plants 
other than those from which they were isolated.

Keywords'. Alternaria, Alternaria brassicicola, Brassica, dark leaf spot disease Q (

Introduction
Species of the genus Brassica are important vegetable 
crops grown in South-east Asia, including Thailand, but 
their production is often limited by diseases (Tsou &  
Tsay, 1988). Diseases caused by the fungal genus 
Alternaria are among the most serious, and they have 
been reported from many countries including Australia 
(Sivapalan &  Browning, 1992), Canada (Petrie, 1974), 
South Africa (Holtzhausen &  Knox-Davies, 1974), 
Taiwan (Wu, 1979), the UK (Maude &  Humpherson- 
Jones, 1980) and die USA (Babadoost &  Gabrielson, 
1979). They arc thought to be caused principally by 
Alternaria brassicicola, although in some instances 
Alternaria brassicae and Alternaria raphani are also 
important. A. brassicicola is seed-borne, with high 
incidences being reported from several countries. For 
example, Maude &  Humpherson-Jones (1980) found 
that 8 6 % of commercial brassica seed produced in the 
UK between 1976 and 1978 was infected with A. 
brassicicola and, more recendy, in the state of Victoria, 
Australia, Sivapalan Sc Browning (1992) showed that 26

*To whom correspondence should be addressed 

(e-mail: R.Strange@ucl.ac.uk).

Accepted 29 July 1999.

out of 44 samples of Brassica oleracea were infected ^ 3  
with the fungus.

Spread of the disease during the growing season is by 
wind-blown or rain-splashed spores. Optimum condi
tions for sporulation are temperatures of 20-30°C and a 
minimum wet period of 13h, epidemics occurring when 
rainfall is frequent (Humpherson-Jones &  Phelpc, 1989; 
Fontem etal., 1991). These conditions correspond to the 
climate in some tropical countries such as Thailand, 
where the average annual temperature is 26-28°C and 
there is daily rainfall during the growing season for 
vegetables. A. brassicicola was first reported in Thailand 
as the causal agent of dark leaf spot of brassicas in 1983 
but its pathogenicity was not demonstrated (Sontirat et 
al., 1983). Nevertheless, the disease appeared to cause 
considerable damage to the crop in the country 
(Visethsung &  Saranak, 1988).

The taxonomy of Alternaria species has been based 
principally on morphology and sometimes host plant 
association. Each of the species occurring on brassicas 
(A. brassicicola, A. brassicae and A. raphani) has a 
distinct spore morphology. However̂  when the genus as 
a whole is considered, species identification becomes 
more difficult mainly owing to considerable variation in 
spore sizes; some species, for example, having ranges of 
spore dimensions that encompass those of several other 
species (Rotem, 1994). Recently, significant advances in
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fungal taxonomy and identification have come about 
through DNA analysis. For example* restriction frag
ment length polymorphisms (RFLPs) have been used to 
solve systematic problems in the genus Phythophthora 
(Forster et of., 1990) and to measure genetic variability 
in the Japanese pear pathotype of A. alternata (Adachi et 
al., 1993). Random amplified polymorphic DNA  
(RAPD) has been used to determine variation in 
Rhizoctonia solani (Duncan et al., 1993) and Pseudo
cercosporella herpotrlchoides (Nicholson &  Rezanoor,
1994), and Sharma &  Tewari (1998) and Cooke et al. 
(1998) showed variation in RAPD patterns among 
Alternaria species of diverse geographical origin. How- 
eveq irrcproducibility of RAPD profiles owing to factors 
such as the quality of template DNA and polymerase, 
difrerences in ramping times between temperatures and 
reaction buffers have impaired the utility of the method 
for comparative studies among laboratories (Schierwater 
&  Ender, 1993).

In contrast, analysis of DNA sequences, particularly 
those of the ribosomal repeat unit, has proved to be a 
definitive and rapid method for the identification and 
taxonomic study of fungi as well as for studies of 
evolution and spéciation (White et al., 1990; Hillis &  
Dixon, 1991). For example, Sherriff et al. (1994) used 
rDNA sequences to demonstrate new species groupings 
in the genus Colletotrichum and subsequently to 
distinguish between Colletotrichum gramlnicola and 
Colletotrichum sublineolum (Sherriff et al., 1995). The 
phylogenetic relationship among several species of 
Leptosphaeria has also been studied using the internal 
transcribed spacers (ITSl and ITS2) and 5*8S rDNA  
regions (Morales et al., 1995). Kusaba &  Tsuge (1995) 
found that species of Alternaria, which had been 
distinguished morphologically, were clearly separated 
from each other by sequence variation of ITS 1 and ITS2. 
Similarly, Jasalavich et al. (1995) used the ITS regions 
and 5'8S gene to distinguish four species of Alternaria: 
A. brassicae, A. brassicicola, A . raphani and A. alternata 
isolated from crucifers. Therefore, in this study this 
region of the genome of Thai isolates ol Alternaria was 
sequenced in order to determine their identity.

Some organisms damage plants by secreting one or 
more toxins. Species of Alternaria produce numerous 
secondary metabolites, some of which are toxic to 
plants. There are at least nine host-selective toxins 
produced by Alternaria pathogens. These include three 
pathotypes of A. alternata that are specific for Japanese 
peaq strawberry and tangerine, and produce the host- 
selective AK-AF- and ACT-toxins, respectively 
(reviewed in Otani et al., 1995). Other toxins produced 
by species of Alternaria are nonhost-selective and 
include tentoxin, tenuazonic acid, 3-epoxy radidnin 
and deoxyradicinin (Nishimura Kohmoto, 1983; 
Robeson &  Strobel, 1985; Ballio, 1991).

The objectives of this study were to identify the causal 
agents of dark leaf spot diseases of the four brassica 
crops grown in Thailand: cabbage {Brassica oleracea vac 
capitata), cauliflower (B. oleracea vac botrytis), Chinese

kale (Brassica alboglabra) and choi-sum (Brassica 
chinensis vac parachinensis), and to determine if they 
produced toxic metabolites that might be involved in 
the production of the necrotic lesions that characterize 
the diseases.

Materials and methods

Isolation and storage of fungi

Fungi were isolated from disease lesions on cabbage 
(seven isolates: designated CBOOl to CB007), cauli
flower (10 isolates: designated CFOOl to CFOlO), 
Chinese kale (nine isolates: designated CKOOl to 
CK009) and choi-sum (three isolates: designated 
CSOOl to CS003) growing in the Chiang Mai, Lamphun, 
Kamphaengphet and Nakhon Sawan provinces of 
northern Thailand. Spores were transferred from lesions 
to sterile slides by means of a sterile needle. Single spores 
were selected from the slide under a microscope and 
transferred again by a sterile needle to acidified potato 
dextrose agar (PDA). After incubation for 6-9 days at I 
25*C in the dark the spores were subcultured on to the! 6 (0  
PDA. *

Spores were released from the colonies by flooding 
plates with sterile distilled water and agitating with a 
sterile glass spreader. The resulting spore suspension was 
freed from mycelia by filtration through four thicknesses 
of sterile muslin, and the spores were washed three times 
by centrifugation in sterile distilled watec They were 
finally resuspended in sterile 1 0 % glycerol at a density of 
10  ̂spores per mL and stored at —TCC in a freezer or in 
liquid nitrogen.

Microscopic examination of the fungi

The fungi were grown on PDA at 25"C for 7 -9  days and 
conidia ( 1 0 0  per isolate) were examined under a 
microscope. A slide culture technique was also used to 
observe the morphology of the fungi (Booth, 1977).

Plant material

Seeds of cabbage and cauliflower were obtained from 
Suttons Seeds Ltd, Torquay, UK and seeds of Chinese 
kale and choi-sum were obtained from Horticultural 
Research International, Wellesboume, UK. They were 
soaked in water overnight before sowing in Lcvington’s 
multipurpose compost (Levington Horticulture Ltd, 
Ipswich, UK) in 15-cm plastic pots (5-8 seeds per pot).
The plants were grown in a greenhouse at 20 ±  2®C with 
a 16-h photoperiod and watered every other day.

Inoculation of plants

Spore suspensions of eight isolates removed from storage 
(isolate CBOOl and CB002 from cabbage, CFOOl and 
CF002 from caulifloweq CKOOl and CK002 from 
Chinese kale, and CSOOl and CS002 from choi-sum)
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were diluted in sterile distilled water to obtain a 
concentration of 10  ̂ spores per mL for inoculation of 
plants. Droplets (5 ;dL) of the spore suspensions of each 
fungal isolate were placed on healthy leaves (4-6  
droplets per leaf) of 3-week-old cabbage, cauliflower̂  
Chinese kale and choi-sum plants (3 leaves per plant). 
Control leaves were inoculated with 5/rL of sterile 
distilled water. Inoculated plants were covered with 
polythene bags for 3 days in order to maintain high 
humidity, after which they were removed. Fungi were 

(9*7 re-isolated 10-14 days after inoculation by the diseased 
leaves and compared with the original isolates.

Growth of fungi and extraction of DNA

Fungi (isolate CBOOl and CB002 from cabbage, CFOOl 
and CFOOl from cauliflower, CKOOl and CKOOl from 
Chinese kale, and CSOOl and CSOOl from choi-sum) 
were grown in a medium consisting of Czapek-Dox 
nutrients (45-5 g: Oxoid, Unipath Ltd, UK), mycoiogical 
peptone ( 1  g), yeast extract ( 1  g) and casein hydrolysate 
(Ig ), dissolved in IL  water and supplemented with 
100 mL of clarified V 8  juice (Campbell Grocery Products 
Ltd, UK) prepared by filtering the juice through four 
thicknesses of muslin and centrifuging at 2 0 0 0  g for 
5 min. The medium was distributed to 150-mL Erlen- 
meyer flasks (lOOmLper flask) and autoclaved at 111**C 
for 10 min. Spores and mycelium were scraped from 7- 
day-old cultures growing on PDA and used to inoculate 
the medium. After incubation for 1 days at 1 5X  on an 
orbital shaker (5-cm-diameter orbits, 150 cam .) the 
mycelia were harvested. DNA was extracted using a 
commercial kit (Nucleon Phytopure Plant DNA Extrac
tion Kit, Scotlab, UK) according to the manufacturer’s 
instructions. Precipitated DNA was resuspended in 
400/iL  of TE buffer (10 mM Tris-HCl, ImM EDTA, 
pH 8  0), RNase (1 mg mL“ ',  100 fiL) was added and the 
tube incubated at ST’C for 1 h on a shaker.

PCR amplification

Primer pairs ITSl (5'-TCC GTA GGT GAA CCT GCG- 
3') and rrS4 (5'-TCC TCC GOT TAT TGATAT GC-3') 
were used for PCR amplification of rDNA containing 
the internal transcribed spacer (ITS) 1, the 5*8S gene and 
the ITS l regions (White et a/., 1990). Each DNA sample 
(50 ng) and the two primers (lOpmol of each) were 
added to a ‘Ready to Go’ PCR bead (Pharmacia Biotech, 
Sweden) which contained 1*5 units of Taq DNA  
Polymerase, 10 mM Tris-HQ (pH 9 0), 50 mM KCl, 

o ^ l'5 m M  MgCli and 100 of each dNTP when 
^  brought to a final volume of 15 /iL . The PCR reaction 

was performed for 35 cycles, with an initial Im in  at 
94'C for dénaturation and a final 7 min at 71'C for 
extension in a Progene Thermal cycler (Techne (Cam
bridge) Ltd, UK). Each cycle consisted of 30 s at 94®C, 
followed by 30 s at 58®C for annealing and 1 min at 71®C 
for extension. Successful amplification was checked by 
electrophoresis in a 17%  agarose gel.

DNA sequencing and analysis

DNA sequencing of PCR products was performed using 
the ABI PRISM Dye Terminator Cycle Sequencing 
Ready Reaction Kit and AmpliTaq DNA Polymerase,
FS (Perkin-Elmer Corporation), according to Âe man- ^ | |  
ufacturer’s instructions, with primers ITS l, ITS l, ITS3 
and rrS4 (White et a/., 1990).

The sequences of the PCR products were aligned using 
the Clustal method in conjucdon with the programme 
LASERGENE NAVIGATOR (DNASTAR Inc., Wisconsin, USA). Q  
Homolo^es to the sequence data (ITSl, 5*8S and ITS l 
regions) were searched using remote BLAST (Basic Local 
Alignment Search Tool) services of the National Center 
for Biotechnolcgy Information over the WWW interface.

Preparation of isolated cells

The third or fourth true leaf from 1-3-week-old plants '
grown in the greenhouse as described earlier was 
harvested and cut into 1-4  mm  ̂pieces, and the pieces 
were placed in a digestion solution (Pectolyase Y-13 
(ICN Biomedicals Inc.. USA) 50irgmL~^; Macerozvme /n, /  
(Yakult Honsha Co. Ltd, Tokyo, Japan) 15mgmL” ;̂ '
and bovine serum albumin (BSA; Sigma, USA), 
500f^m L”*, dissolved in a holding buffer (HB) 
consisting of 50mM citric acid, Im M  MgSO^, Im M  
KH2 PO4 , NaOH 5 '8 g L "\ glucose 100 g L”’ adjusted 
to pH 5 8 ). After vacuum infiltration of the mixture and 
stirring for 15-10 min, the disintegrating leaf pieces 
were filtered through muslin and the cells in the filtrate 
were washed three times by centrifuging at 80 g in HB 
for 5 min. They were finally resuspended in ice-cold HB 
at a density of 0*1 A units at A=610nm (7 5 -9  0x10^ 
cells per mL).

Phytotoxicity test

Fungal isolate CBOOl from cabbage, CFOOl from 
cauliflower, CKOOl from Chinese kale and CSOOl 
from choi-sum were grown in Czapex-Dox liquid 
medium supplemented with cations (2 1nS0 4 *7 H 2 0  

50m g L -\ L ia  5mgL”\  C ua2*lH 20 10mgL”\  
MnCl2-4H20 1 0m g L -\ CaCli'lHzO 100mgL”\  
Coa2-6H20 20m g L -\ Na2Mo04-lH20 lOmgL"^ 
and H 3BO3  10mgL~^). The medium was distributed in 
30-mL aliquots in 150-mL conical flasks and, after 
autoclaving at 111®C for 2 0  min and cooling, inoculated 
with 1 mL of spore suspension (10^ spores per mL) of the 
fungal isolates. Cultures were incubated at 15®C without 
shaking and filtrates were harvested in triplicate at 3 ,6 , 
9,11 and 15 days by filtering through three thicknesses 
of Whatman no. 1 filter paper on a Buchner funnel. 
Filtrates were freeze-dried and reconstituted at 10 times 
the original concentration by dissolving in HB. Unin
oculated medium was treated in the same way. The 
concentrates from all three replicates for all incubation 
periods and for all fungal isolates, as well as unin
oculated media to serve as controls (71 preparations in
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total}, were tested for toxicity on cells isolated from 
leaves of cabbage, cauliflower, Chinese kale and choi- 
sum by the method used by Latif et al. (1993), with 
fluorescein diacetace as the live/dead stain (Widhoim, 
1972). Probit percentage cell death was plotted against 
logi dilution factor in order to determine the dilution 
that killed 50% of the cells, which was designated as one 
unit of activity. Maximum toxic activity values for each 
combination of fungal isolate and plant cell were 
subjected to analysis of variance using a two factor 
completely randomized design. Significance was deter
mined at P<0*05, using the least significant difference 
test. Ail calculations were performed using the mstat 
statistical analysis programme (Freed and Eisensmith, 
version 1*3).

Results

Morphology of the fungal isolates and completion of 
Koch’s postulates

Fungal cultures obtained from leaf spot lesions on 
cabbage, cauliflower, Chinese kale and choi-sum plants 
growing in northern Thailand corresponded in morphol
ogy to A. brassicicola (Wiltshire, 1947). On PDA, spores 
were produced in rarely branched chains of up to 15 and 
had no beak. They were dark olivaceous brown, nearly 
cylindrical (24*88 ±  7*38 x 10-93 ±  1*71 /un; range 13- 
44x8-21) with 1 -6  transverse septa and up to 2 
lon^tudinal septa. Colonies on PDA were velvety and 
dark olivaceous brown. They grew at an average rate of 
7*8-8 8  mm per day and sporulated copiously.

Healthy cabbage, cauliflowei; Chinese kale and choi- 
sum plants developed disease symptoms when inocu
lated with droplets of spore suspension. Within 2 days, 
leaf tissue under an inoculum droplet became necrotic 
and the area of necrosis was surrounded by a halo of 
chlorosis. On further incubation, lesions increased in 
size and became darker as the fungus sporulated and 
eventually the infected area became dry and paper thin.

None of the control plants inoculated with sterile 
distilled water developed symptoms. Koch’s postulates 
were completed by re-isolating ffom the inoculated 
plants fungi that had the same morphological features as 
those orignally isolated.

Sequence data

DNA was successfully extracted ffom the fungal isolates 
using the commercial kit and yielded the PCR products 
of about 600 bp. Sequences of the PCR products 
obtained from all four primers were aligned and the 
maximum homology of the nucleotides was ascertained. 
This region contained the ITSl region (179 bp), the 5*8S 
gene (159 bp) and ITS2 region (157 bp). All isolates had 
the same sequence and they were identical to a fungus 
previously identified as A. brassicicola (Jasalavich et a/.,
1995). ^

Phytotoxidty of isolates

Culture filtrates of all four fungal isolates (i.e. CBOOl, 
CFOOl, (3(001 and CSOOl) were toxic to cells of the 
four plant types (cabbage, cauliflowei; Chinese kale and 
choi-sum) but not to the uninoculated media. Analysis of 
variance of the maximum toxicity values showed highly 
significant differences among isolates and among cells. 
Overall the cabbage isolate was the most toxic and the 
cauliflower the least (Table 1). Cells of the four plant 
types were of similar sensitivity to culture filtrates of the 
(ihinese kale isolate and also reacted similarly but less 
sensitively to culture filtrates of the cauliflower isolate. 
In contrast, cells of cabbage and choi-sum were sensitive 
to culture filtrates of the choi-sum isolate but the cells of 
the other two plants were considerably less sensitive. 
The isolate from choi-sum was distinct in that maximum 
activity peaked at 1 2  days whereas in most interactions 
activity continued to rise throughout the period of 
culture (Fig. 1).

ÛIS

Table 1 Maximum toxic activity (units per mL) of culture filtrates of four isolates of A brassicicola when tested on plant cells of the four brassi
cas. Maximum activity was attained In filtrates from 12- to IS-day-dd cultures. Analysis of variance was performed using a Two Factor Comple
tely Randomized Design

Isolate
name*

Plant ceU type Mean
sensKvity of all 
plant cell typesCabbage Choi-sum Caufiflower Chinese kale

CBOOl 516-88 ±176-82 a 262-12± 10-61 d 467-05 ± 18-47 ab 381-85 ± 56-63 be 406-80
CKOOl 342-68 ± 70-88 cd 438-63 ± 65-05 abc 373-02 ±52-00 be 356-28 ± 52-83 cd 377-65
CSOOl 341-97 ± 93-28 cd 402-20 ±75-37 be 129-74 ± 55-38 ef 152-28 ± 42-06 e 256-55
CFOOl 95-42 ± 19-43 ef 26-99 ± 5-50 f 35-94 ± 1-42 f 23-57 ± 5-23 f 45-48
Mean toxicity 
of all isolates

324-24 282-49 251-44 228-50

Values designated by différant letters are significantly different at P<(M)5 (least signSicant difference test). 
*CB, cabbage isolate; CK, Chinese kale isolate; CS, choi-sum Isolate; CF, cauliflower isolate.
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Figure 1 Toxic activity (units per mL) of culture filtrates of the four isolates of A. brassicicola -  (a) isolate CB001 from cabbage, (b) CFOOl from" 
cauliflower, (c) CKOOl from Chinese kaie and (d) CS001 from choi-sum -  when tested on cells of cabbage (♦), cauliflower (■), Chinese kale 
(A) and choi-sum (• ) . Each point is the mean of three replicates.

Discussion
In Thailand, Alternaria sp. has been considered to be the 
cause of leaf spot disease on brassicas since the 1960s 
(Puckdeedindan, 1966), but A. brassicicola was only 
recognized as the possible causal agent in 1983 when 
Sontirat et al. (1983) isolated the fungus from lesions on 
the four brassicas used in this study. However; he did not 
perform pathogenicity tests.

In the present work, lesions on the leaves of cabbage, 
cauliflower; Chinese kale and choi-sum consisted of 
dark, central necrotic spots 1-10 mm in diameter 
surrounded by a chlorotic halo A ir accorded widi the 
descriptions given by Weimer (1924) and Wiltshire 
(1947) for Alternaria leaf spot diseases of brassicas. 
Spores isolated from the lesions and cultured on PDA 
gave fungal colonies with spore morphologies that were 
consistent vyith those described for A. brassicicola by 
Wiltshire (1947) but were smaller (13-44x8-21/xm) 
compared with 18-130 x 8-30/xm. The fungus was 
proved to be the cause of the disease by the completion 
of Koch’s postulates.

Confirmation of the identity of the pathogen was 
sought by sequence analysis of rDNA, These experi
ments showed that the sequences of the internal 
transcribed spacers and 5*8S gene of the Thai isolates, 
which were identical to each other; were also identical to 
that of a Canadian isolate of A. brassicicola (Jasalavich 
et a i, 1995). Thus, the causal agent of dark leaf spot of 
brassicas in Thailand was confirmed as A. brassicicola at 
the molecular level. Two interpretations of the perfect 
match of the DNA sequences of the Thai and the 
Canadian isolates are that either these regions are

particularly conserved within A. brassicicola or that 
the Canadian and Thai isolates are of common ori^n. 
The latter seems more likely, because the fungus is seed- 
bome and infected seed may have provided the means of 
transport from one side of the world to the other (Petrie, 
1974).

Profuse production of chains of the dark spores of the 
fungus is one reason for the dark appearance of the 
lesions caused by the pathogen. They serve not only to 
spread the disease in the current crop but also may 
contaminate seed, thus ensuring the pathogen’s survival 
between crops (Babadoost ÔC Gabrielson, 1979; Wu 
1979; Sivapalan &  Browning, 1992). Another rcnscn for 
the dark central area of the lesions and necrotic 
symptoms may be the production of toxins that kill 
host cells (Bains ÔC Tewari, 1987). Although there are 
numerous precedents for the production of toxins by 
species of Altemariay little work has been reported on 
phytotoxic metabolites produced by A. brassicicola. 
MacDonald &  Ingram (1986) reported that methanol 
extracts of the culture filtrates of the fungus were 
phytotoxic. Cooke et al. (1997) also found that spore 
germination fluids of the fungus were phytotoxic. More 
recendy, Otani et al. (1998) reported that spore germi
nation fluids of the fungus contained a host-specific high 
molecular weight phytotoxin.

In the present study, the Thai isolates of A. brassici
cola also produced toxic culture filtrates, the isolates 
varying in toxigenicity and the cells of different brassica 
species varying in sensitivity to them. However there 
was no consistent relationship between the plant from 
which the isolate originated and the sensitivity of its cells 
to the culture filtrate.
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