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Abstract 

The pathogenicity of five isolates of Bon3'tis cª to bean (Phaseolus vulgaris) was compared 
with their sensitivity to the phytoalexin phaseollin and their ability to metabolize phaseollin. Three 
of the five isolates were pathogenic to bean, as they formed spreading lesions on bean leaves• the 
other two isolates were considered nonpathogenic to bean, since they produced lesions limited in 
size or no lesions at all. 

The isolates were about equally sensitive to phaseollin, except for one nonpathogenic strain which 
was more sensitive than the other ones to higher concentrations of phaseollin. The three pathogenic 
isolates metabolized phaseollin to 6a-hydroxyphaseollin readily in shake cultures containing 9 #g 
phaseollin/ml, while nonpathogenic isolates were notable, or less able, to do so. 

Introduction 

Several studies have shown a correlation between pathogenicity of different fungal 
species and tolerance of growing mycelium to phytoalexins produced by their host 
plants (Cruickshank, 1962; Cruickshank and Perrin, 1971: Jones et al., 1975: 
Mansfield and Deverall, 1974; Perrin et al., 1974; VanEtten, 1973): Some notable 
exceptions, however, have been reported by Pueppke and VanEtten (1974) and Ward 
et al. (1974). In a number of cases pathogenic species were also better able to metabo- 
lize their host phytoalexins than nonpathogenic species (Higgins and Millar, 1970; 
Mansfield and Widdowson, 1973; Nonaka, 1967; De Wit-Elshove, 1969), but such 
a correlation was not found by Van den Heuvel and Glazener (1975) and Sakuma 
and Millar (1972). 

Apparently, there is no general rule that pathogenicity is associated with a relative 
insensitivity to the host phytoalexins of the ability to metabolize them. These 
mechanisms may, however, contribute to susceptibility in certain host-pathogen 
interactions. 

Differences in pathogenicity between dones, formae speciales, strains or phy- 
siological races oi ~ a fungal pathogen were found to be associated with a differential 
sensitivity of mycelium to the host phytoalexins or with a differential metabolism 
of  these substances (Christenson and Hadwiger, 1973; Harrower, 1973; Van 't Land 
et al., 1975 ; Uritani and Kojima, 1975 ; Van Etten and Smith, 1975), with the excep- 
tion o f  Colletotrichum lindemuthianum and phaseollin (Bailey, 1974; Van den Heuvel 
and Vollaard, 1976). 
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Van den Heuvel and Glazener (1975) have shown that an isolate of Boto, tis cinerea, 
obtained from diseased Phaseolus vulgaris tissue, was able to metabolize the bean 
phytoalexin phaseollin to the less toxic product, 6a-hydroxyphaseollin. In the 
present paper the sensitivity of five isolates of B. cinerea, obtained from different 
sources, to phaseollin and their ability to metabolize phaseollin have been investigated 
in relation to their pathogenicity to bean. 

Materials and methods 

Fungal isolates and inoculation ofbean leaves. The five isolates of Botrytis cinerea Pers. 
ex Fr. used in this study were isolated from different host plants; viz. isolate BC-1 
from bean (P. vulgaris); isolate BC-3 from raspberry; isolate BC-4 from tomato;  
isolate BC-5 from grape (CBS strain 121.39); and isolate BC-6 from flax (B. cinerea f. 
lini van Beyma, CBS strain 131.28). The latter two isolates were obtained from Cen- 
traalbureau voor Schimmelcultures (CBS), Baarn. 

Bean plants (Phaseolus vulgaris L. "Dubbele Witte z. dr.') were grown in the green- 
house at 22 ~ to 27~ Inoculum plugs (5 mm diameter) taken from the edge of 3-day- 
old colonies of B. cinerea isolates grown on PDA plates at 23 ~ were placed upside 
down on the adaxial side of  primary leaves on 11- to 13-day-old plants. Ten leaves 
(two leaves/plant) were used for each isolate and one mycelium plug was placed on 
each leaf. The inoculated plants were kept at 20 ~ to 25~ in transparant humidity 
chambers lined with moist filter paper to maintain a high relative humidity. 

SensitiviO' to phaseollin. The bioassays employed for comparing the sensitivity of 
growing mycelium of the B. cinerea isolates to phaseollin were essentially the same 
as described previously (Van den Heuvel and VanEtten, 1973). 

Preparation ofshake cultures. The abilities of different B. cinerea isolates to metabolize 
phaseollin were compared using shake cultures. Three-hundred-ml Erlenmeyer 
flasks containing 50 rol of a modified Richard's solution, with 2 % glucose as the 
only carbon source, were inoculated with small pieces of mycelium and incubated 
at 24~ on a reciprocal shaker (ca 130 strokes/min). After 4 days of incubation the 
cultures were ground slightly (Sorvall Omnimixer) and diluted with fresh Richard's 
solution to give 0.6 mg (dry weight) mycelium/ml. After an additional 24 h period of 
shaking the actively growing cultures were again diluted with fresh Richard's solu- 
tion to give 1.5 mg (dry weight) mycelium/ml. Eight aliquots of  6 ml were taken from 
these cultures and transferred to 25-ml Erlenmeyer flasks. Purified phaseollin, dis- 
solved in dimethylsulfoxide (DMSO), was added to these cultures to give a final 
phaseollin concentration of 9 #g/rol, a concentration slightly inhibitory to fungal 
growth. The final concentration of DMSO in the cultures was 0.5 %. Control cul- 
tures received DMSO without phaseollin. 

The methods used for determining mycelial dry weights and preparing phaseollin 
solutions were as described by Van den Heuvel and Glazener (1975). 

Extraction and quantitative analysis of  phaseollin and 6a-hydroxyphaseollin. After the 
cultures had been shaken with phaseollin for 3, 24 or 48 h, or without phaseollin for 
24 h, 6 ml 96% ethanol was added to each flask to halt metabolic activity and to 
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extract phaseollin and 6a-hydroxyphaseollin from the mycelium. Further steps in the 
extraction procedure were similar to those described previously (Van den Heuvel 
and Glazener, 1975). Quantitative analysis of the two compounds by thin-layer 
chromatography (TLC) and in situ densitometry was also carried out as outlined 
earlier (Van den Heuvel and Glazener, 1975), except that TLC plates were developed 
in an unsaturated tank with benzene: methanol (9:1) as the solvent system. Samples 
ofphaseollin and 6a-hydroxyphaseollin were spotted as reference compounds on TLC 
plates. 

All values were obtained from duplicate samples, and each experiment was 
repeated at least once. 

In control experiments the recovery of phaseollin from flasks containing medium 
witb phaseollin, but without fungus, was examined after shaking for 3, 24 of 48 h. Ah 
average of 65~o of added phaseollin was recovered, together with two unidentified 
compounds which were probably nonbiological breakdown products of phaseollin. 
The combined average proportion of these products was 18 ~. Had they not been 
formed, the recovery of phaseollin would have been about 83 ~. Extracts from fungal 
cultures contained small, variable quantities of sucb substances. In view of these 
results, only actually-recovered percentages of phaseollin and 6a-hydroxyphaseollin 
are presented. 

Fig. 1. Pathogenicity of five isolates of Botrytis cinerea to leaves of bean (Phaseolus vulgaris) as 
measured by lesion diameter at daily intervals. The isolates used were : BC-1 (O), BC-3 (e), BC-4 (V), 
BC-5 (~�91 and BC-6 (m), 
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Fig. 1. Pathogeniteit van v(/jfsolaten van Botrytis cinerea voor blclderen van boon ( Phaseolus vulgaris), 
bepaald door dagelijkse meting v~m de lesiediameter. De vijf isolaten waren: BC-I (O), BC-3 (o), 
BC-4 ( , ) ,  BC-5 (L  ~) en BC~ (m). 
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Results 

Pathogenicity to bean leaves. Three isolates of  B. cinerea (BC-1, BC-3 and BC-4) 
produced rapidly spreading lesions in bean leaves (Fig. 1). After such lesions had 
reached a diameter o fabout  50 mm, the infected leaves started to wilt and drop. 

On leaves inoculated with isolate BC-5, lesions limited in size (ca 10 mm diameter) 
were formed. Infection with isolate BC-6 did not lead to any visible discolouration or 
necrosis, apart from a rare pin-point lesion. Isolates BC-5 and BC-6 where therefore 
classified as nonpathogenic,  whereas the three former strains were regarded as 
pathogenic. 

Sensitivity to phaseollin. The three pathogenic isolates of  B. cinerea and isolate BC-5 
were about equally sensitive to phaseollin (Fig. 2), Isolate BC-6 was more sensitive 
than the other isolates to concentrations o f  0.1 and 0.2 m M  phaseollin (32.2 and 64.4 
pg/ml, respectively). 

Fig. 2. Inhibition of radial mycelial growth of five isolates of Botrytis cinerea by various concen- 
trations of phaseollin. Same symbols as in Fig. 1. 
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Fig. 2. Remming van de radiale myceliumgroei van vijJisolaten F�91 Botrvtis cinerea door verschillende 
concentraties phaseolline. ZelJde symbolen als in Fig, 1. 
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Fig. 3, Recovery of phaseollin (o) and its metabolite, 6a-hydroxyphaseollin (O), from chromato- 
graphed extracts of shake cultures of five isolates of Botrytis cinerea, incubated with 9/~g phaseollin/ 
rol for 3, 24 or 48 h. 
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Fig. 3. Hoeveelheid teruggevonden phaseolline (e ) en z(jn omzettingsprodukt, 6a-hydroxyphaseolline 
(0), in gechromatogra[š extracten van schudculturen van vi./.[ isolaten van Botrytis cinerea,na 
incubatie met 9lzg phaseollhle/ml gedurende 3, 24 o./48 h. 
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Metabolism q… Phaseollin disappeared from shake cultures of the three 
pathogenic isolates at similar rates (Fig. 3). Less than 15~ of the original amount of  
phaseollin was left in these cultures after incubation for 48 h. Concurrent with the 
disappearance of phaseollin (Re 0.68), a metabolic product appeared which was 
identified as 6a-hydroxyphaseollin, by Rr value (0.41), reaction with diazotized 
p-nitroaniline spray reagent, and UV spectrometry (Van den Heuvel and Glazener, 
1975). This product also tended to disappear from the cultures, but no other meta- 
bolite(s) was (were) detected. 

Little phaseollin disappeared from the cultures of both nonpathogenic B. cinerea 
isolates. Some 6a-hydroxyphaseollin was produced in cultures of isolate BC-5, 
however, whilst no metabolite was detected in cultures of isolate BC-6. When cul- 
tures of the latter isolate were exposed to even lower concentrations of phaseollin, 
viz. 3 and 6/~g/ml, there was still no apparent metabolism of phaseollin. Therefore, 
the inability of this isolate to metabolize phaseollin could not be ascribed to its rela- 
tively higher sensitivity to phaseollin. 

Discussion 

Evidence has been obtained that pathogenicity of  B. cinerea isolates to bean is 
associated with their ability to metabolize phaseollin in vitro readily, whereas non- 
pathogenicity is associated with a limited ability o r a n  inability to do so. No clear 
correlation was found between sensitivity to phaseollin and (non)pathogenicity to 
bean, when comparing the nonpathogenic isolates BC-5 and BC-6, however, both 
a higher sensitivity to phaseollin and a greater inability to metabolize phaseollin were 
found to be correlated with the more pronounced nonpathogenicity of  the latter 
isolate to bean. 

Metabolism of phaseollin by B. chwrea apparcntly always takes place via the 
intermediate 6a-hydroxyphaseollin, which is less inhibitory to B. cinerea than 
phaseollin (Van den Heuvel and Glazener, 1975). Hence, this conversion may be 
regarded as part of a detoxification process. Further steps of this detoxification 
process, such as the metabolism of 6a-hydroxyphaseollin, are still unclear. In no 
case was 6a,7-dihydroxyphaseollin, as produced by Colle~otrichum Bndemuthianum 
(Van den Heuvel and Vollaard, 1976), or any other metabolite of phaseollin detected. 

Ir the correlation between ability to metabolize phaseollin and pathogenicity to 
bean is not merely coincidental, the differences in ability to detoxify phascollin may 
be responsible for the differential reactions in infected bean plants. It seems reason- 
able that ah isolate with a marked ability to metabolize phaseollin, may keep the 
level, after its induction in the infected tissue low. This might therefore contribute to 
the fungus being able to cause spreading lesions. On the other hand, in bean leaves 
infected with a nonpathogenic isolate, toxic levels of the phytoalexin may accumulate, 
which strongly inhibir the fungus, so that only lesions limited in size are formed. 
Research on the accumulation ofphaseollin and its metabolite, 6a-hydroxyphaseollin, 
and other phytoalexins in bean tissues infected with different B. cinerea isolates is in 
progress. 
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Samenvatting 

Gevoeligheid voor en omzetting van phaseolline ht rc'haie tot de pathok, eniteit van ver- 
schillende isolaten van Botrytis c#wrea voor boon r Phaseolus vulgaris ) 

De pathogenitei t  van vijf verschillende isolaten van Botrvtis cinerea voor boon  
(Phaseolus vulgaris) werd vergeleken mel hun gevoeligheid voor het fytoalexine 
phaseoll ine en hun vermogen oro phaseolline oro te zetten. 

Drie van de v• isolaten bleken pathogeen voor boon  te zijn, omdat  ze op bone-  
bladeren zich ui tbreidende lesies vormden.  De twee andere isolaten werden als niet- 
pathogeen voor boon  beschouwd, aangezien ze op bonebladeren  alleen lesies van 
beperkte  omvang  of in het geheel geen lesies vormden  (Fig. 1 ). De isolaten waren alle 
ongeveer even gevoelig voor  phaseolline, behalve een niet-pathogeen isolaat, dar 
relalief sterker geremd werd door  hogere concentrat ies  phaseolline (Fig. 2). In schud- 
cul turen,  waaraan 9 #g phaseoll ine/ml was toegevoegd, werd phaseolline door  de 
drie pathogene isolaten vrij vlot omgezet tot 6a-hydroxyphaseoll ine,  maar  door  de 
twee nie t -pathogene isolaten niet of slechts in geringe mate (Fig. 3). 

Geconcludeerd wordt  dat er bij de onderzochte isolaten van B. cinerea geen duide- 
lijke correlatie bestaat tussen gevoeligheid voor phaseolline en pathogenitei t  voor 
boon,  maar  wel tussen vermogen tot omzett ing van phaseolline en pathogenitei t  
voor  boon .  
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