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repressible by exogenous thiamine. This possibility was 
finally confirmed since a thiamine transport mutant of 
S. cerevisiae, PT-R2, previously isolated 7, showed no signifi- 
cant uptake of dimethialium. 
From the findings obtained above, we conclude that dime- 
thialiurn, which has the thiamine structure incapable of 
phosphorylation by thiamine pyrophosphokinase, is accu- 
mulated in yeast cells by an energy-dependent process 
mediated by the same carrier for thiamine. These results 
strongly suggest that thiamine can be transported and 
accumulated without obligatory phosphorylation in S. cere- 
visiae. 

* We wish to thank the late Dr S. Yurugi, Takeda Research 
Laboratories, for a generous gift of dimethialinm. 
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Biochemical changes in mango after infection with Rhizoctonia bataticola 

H. G. Vyas and H. S. Chhatpar 

Department of Microbiology, Faculty of Science, M. S. University of  Baroda, Baroda (lndia), 21 May 1979 

Summary. Rhizoctonia bataticola is responsible for the spoilage of mango fruits (Mangifera india) during post-harvest 
preservation and storage. Culture of R. bataticola exhibited significant pectinase and cellulase activity. In Rhizoctonia- 
infected fruits an increase of protease and celtulase activity, and a decrease in certain enzymes of  carbohydrate metabo- 
lism, were observed in comparison to healthy fruits. 

Post-harvest preservation, transit and marketing of  mango 
fruits is a challenging problem. Earlier we reported the 
spoilage of mangoes by Rhizoctonia bataticola 1,2. The pre- 
sent study focuses on biochemical changes after the infec- 
tion process. An understanding of the physiology of the 
pathological process may help to develop methods for 
control. 
The preparation of cell-free extracts and the determination 
of protein were performed as described earlier 3. Ketoacids 
were estimated according to the method of Friedemann 4. 
Assay methods for aconitase and isocitrate dehydrogenase 
were as described by Anfinsen 5 and Ochoa 6 respectively. 
Protease and cellulase activities were assayed by the 
methods of Ong and Gaucher 7 and Miller s respectively, 
whereas malate dehydrogenase and succinate dehydroge- 
nase were measured according to Ochoa 9 and Slatter and 
Bonnet l~ respectively. Pectinase was determined according 
to the method of McCready and McComb II and aldolase 
according to Sibley and Lehninger 12. The mould R. batati- 
cola was found to be responsible for the development of 
blackspot on Alphonso mango. An important problem in 
pathogenesis is the biochemical mechanism of penetration 
by degradation and solubilization of  cell walls of  plant 
tissues in different stages of disease. The encrusting and 
sheathing substances of plant cell walls such as cutin, 
suberin, lignin, pectin, protein and cellulose can all be 
degraded or modified by enzymes of a number of microbial 
pathogens. It has been shown in apple rot caused by 
P enicillium expansum and Sclerotinia fructigena 13 that poly- 

Table 1. Cellulase and pectinase activities from culture filtrates of 
R. bataticola 

Enzymes Enzyme activity 
(units/100 ml flask) 

Cellulase (CMCase) 5.0 
Pectinase. 46.9 

galacturonase and macerating enzymes are important for 
pathogenesis. Furthermore, several soft rot pathogens like 
Pythium and Rhizopus are highly cellulolytiO 4,15. Cellulase 
activity has also been reported by Bateman 16,17 in bean 
hypocotyl tissue infected by Rhizoctonia solani. R. batatico- 
la from mango tissues also showed considerable pectinase 
and cellulase activity when grown in the synthetic medium 
supplemented with carboxy methyl cellulose (table 1). 
When healthy and affected mango tissues were analysed 
for ceUulase activity, about 4 times more acctivity was 
observed in black spotted tissues compared with healthy 
tissues (table 2). 
Earlier I we reported the accumulation of  citrate in mango 
tissues infected by R. bataticola. This accumulation may be 
due to an increase in the activity of citrate synthase or a 
decrease in the activity of citrate catabolizing enzymes like 
aconitase and isocitrate dehydrogenase. It is known that the 
aconitase reaction is reversible and in equilibrium at 
pH 7.0, with a citrate:cis aconitate:isocitrate ratio of  90:4:6. 

Table 2. Biochemical changes in healthy and infected tissues of 
ripe mango fruit 

Biochemical changes Mango tissue 

Healthy Infected 

Aconitase 65.20 6.90 
Isocitrate dehydrogenase 14.80 ND 
Succinate dehydrogenase 1.90 1.20 
Malate dehydrogenase 326.00 4.90 
fructose-diphosphate 
aldolase 197.50 18.90 
Protease 9.20 21.50 
Carboxymethyl cellulase 6.80 27.80 
Monocarboxylic keto acids 7.70 10.30 
Dicarboxylic keto acids 8.70 13.50 

ND: not detectable: Enzyme activities are expressed as units/rag 
protein; organic acids are expressed as mg/-100 g pulp. 
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Thus for the active catabolism of citrate, very high levels of 
isocitrate dehydrogenase are required to remove the sub- 
strate isocitrate which may otherwise be converted to citrate 
by the reversible aconitase reaction. If the activity of  
isocitrate dehydrogenase decreases, citrate will accumulate 
in the tissues. In the present study the activities of  aconitase 
and isocitrate dehydrogenase were found to be much lower 
in the infected tissues compared with the healthy ones 
(table 2). This indicates that the decrease of citrate catabo- 
lizing enzymes is one of the reasons for the accumulation of 
citrate in infected tissues. 
The activities o f  fructose biphosphate aldolase, malate 
dehydrogenase and succinate dehydrogenase decreased in 
the infected tissues (table 2) indicating that the rate of  
respiration may be affected. A decrease in the activity of 
malate dehydrogenase has also been shown by Boser ~8 in 
potato leaf roll. Since there was much lower succinate 
dehydrogenase activity, mitochondrial integrity might be 
affected after infection leading to a disturbance in the 
enzymes of the citric acid cycle. This consequently would 
cause an imbalance in the relative concentrations of meta- 
bolites of the tricarboxylic acid cycle. On the contrary the 
concentrations of  monocarboxylic and dicarboxylic keto- 
acids were found to be higher in infected tissues compared 
with healthy tissues (table 2). This may be due to immobili- 
sation of these metabolites in subsequent reactions or to 
low activities of specific transaminases. Furthermore, the 
overall protease activity was found to be higher in infected 
mango fruits than in healthy ones (table 2). This observa- 
tion is in agreement with the postulation of Friedman 19, 
that greater virulence in the case of Erwinia carotovora can 

be attributed to an increase in proteolytic activity. The high 
overall protease activity may be responsible for the ob- 
served decrease in the activities of certain enzymes in the 
infected tissues. 
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Trypsinogen-kinase from Aspergiilusfumigatus 

M. Parmeerselvam and S.C. Dhar l 
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Summary. The activation of bovine trypsinogen by an extracellular acid proteinase from A. fumigatus is described. The 
enzyme activates trypsinogen optimally at pH 3.5 and 32 ~ The effect of substrate and enzyme concentrations on the 
activation has been studied and the Kin-value has been determined. 

It has been reported that several fungal acid proteinases 
have the unique ability to activate pancreatic trypsinogen to 
trypsin. This property was first discovered by Kunitz 2 for an 
unidentified strain of Penicillium. The activity was later 
demonstrated in Aspergillus oryzae 3, in Aspergillus saitoi 4'5 
and in Rhizopus chinensis 6. Hofmann 7 described the pres- 
ence of this activity in Aspergillus carbonarius and in a 
number of Penicillia including 2 strains of Penicillium 
janthinellum. In an earlier communication 8, the production 
of extracellular acid proteinase by Aspergillusfumigatus has 
been reported. The object of the present study is to 
investigate the trypsinogen-activating property of the acid 
proteinase. 
Materials and methods. Bovine trypsinogen (pure) and 
bovine trypsin (twice crystalline) were obtained from Sig- 
ma Chemical Co., USA, and vitamin-free casein was pur- 
chased from ICN Pharmaceuticals, Inc., USA. All other 
chemicals and reagents were of analytical grade. 
Partial purification of the acid proteinase from A.fumiga- 
tus: Culture filtrate (3 1) obtained by culturing A.fumigatus 
in a liquid medium at room temperature (30-32 ~ for 3 

s days and by filtering off the mat, as described ear l ier ,  was 
centrifuged at 5000 x g. The centrifugate was collected and 
the pH of the centrifugate was adjusted to 4.8. 45 g of 
DEAE cellulose which had been equilibrated to pH 4.8 by 
repeated washing with 0.1 M citrate of pH 4.8 were added 

to the centrifugate with stirring for 1 h at 4 ~ After this 
period the slurry was packed in a column, and the enzyme 
was collected in a 500 ml fraction by passing through the 
column 0.2 M citrate o f p H  4.0 containing 0.2 M NaC1. 
To the eluate, solid ammonium sulphate was added with 
gentle stirring till 60% saturation was obtained. The precipi- 
tate thus formed was collected by centrifugation, and was 
dialyzed against bi-distilled water at 4~ for 40 h. The 
dialyzed enzyme solution was freeze dried in a Virtis- 
lyophilizer. The dried acid proteinase thus obtained was 
used for the present investigation. 
Trypsinogen activation assay. The assay for the acid pro- 
teinase, based on its ability to activate trypsinogen at pH 
3.04.0 was determined according to the method described 

9 by Kunitz using casein as substrate with slight modifica- 
tions as suggested by Hofmann and Shaw 1~ The trypsin 
standard curve was also prepared according to the same 
method. 
Activation of trypsinogen. 1.5 ml of 10 .5 M trypsinogen 
solution which was prepared by dissolving 5.0 mg of  
trypsinogen in 10 ml to 0.0025 M HC1 and mixing with 
20 ml of 0.1 M citrate of pH 3.4 was warmed at 36 ~ and 
mixed with 0.5 ml of enzyme solution (5 mg/100 ml 
solution of 0.1 M KH2PO4) to start the activation reaction. 
Trypsin assay. After exactly 10 rain of reaction, 2 ml of 
casein solution (prepared by mixing equal volumes of 2% 


