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Crvptococcus albidus var. albidus produced an extraceUular endo-polygalac- 
turonase (poly (1,4-~-D-galacturonide) glycanohydrolase EC 3.2.1.15) when 
grown in a synthetic medium containing one of a variety of pectic substances 
or galacturonic acid. The highest level of enzyme activity (15.5 VU-ml-1) was 
obtained after 72 h of growth on 1.0~o low-methoxyl pectin. The enzyme, puri- 
fied by gel filtration (Sephadex G-100) after repeated ammonium sulphate pre- 
cipitation and dialysis, showed only one band by polyacrylamide gel electro- 
phoresis and had the following properties: mol wt (MWr) 41000 dal; isoelectric 
point (pI) = 8.10 + 0.10; optimum temperature and pH for activity around 
37 °C and pH 3.75, respectively; pH stability in the pH range 4.0 to 8.0; complete 
heat inactivation after 10 min at 55°C; Km and Vmax values 5.7" 10 -1 mg'ml -a 
and 5.1 • 10-1 mmoles, min- 1, respectively. 

INTRODUCTION 

The pectolytic ability of yeasts and yeast-like fungi has long been known (Luh 
and Phaff, 1951; Bell and Etchells, 1956; Vaughn et al., 1969). Very few yeast 
species, however, have been thoroughly studied with regard to this capacity. 
So far, most research has been carried out with Kluyveromyces fragilis (Luh 
and Phaff, t954; Wimborne and Rickard, 1978; Lim et al., 1980) which, among 
these microorganisms, is regarded as the most potent producer of pectinase. 

In a previous study (Federici, 1983a) strong pectolytic activity was found in 
strains of Cryptoeoecus albidus, a yeast of particular interest since it was found 
to be involved, with some filamentous fungi, in the breakdown of preserved 
fruit (Dennis and Harris, 1979; Harris and Dennis, 1979). 
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This paper deals with the production, purification and partial characterization 
of the extracellular endo-polygalacturonase from strain IMAT-4735 of Cr. albi- 
dus var. albidus which, in a preliminary screening, was selected for its high pectin- 
depolymerizing (viscosity-diminishing) activity (Federici, t983b). 

MATERIALS AND METHODS 

Organism, medium and culture conditions 
Cryptococcus albidus var. albidus IMAT-4735, obtained from the culture col- 

lection of the Laboratory of Agricultural Microbiology of the Istituto di Biolo- 
gia Vegetale, University of Perugia, Italy, was maintained routinely on Baeto 
Malt Agar (Difco). 

The growth medium employed consisted of (g'1-1 of distilled water): 
(NH4)2SO 4 1.0; KH2PO 4 2.0; Na2HPO4"2HzO 0.9; MgSO4" 7H20 1.0; yeast 
extract (Difco) 1.0. Unless indicated otherwise, pectin (Sigma) was added as 
the sole carbon source, to a final concentration of 10 g-1-1, and the pH of the 
medium was adjusted to 5.0. 

Cultures were grown in 100 ml of the above medium in 500-ml Erlenmeyer 
flasks in shake culture (150 rpm) for 96 h at 25°C. Growth was followed by 
viable counts on malt agar. Culture broth samples were collected every 6-8 h, 
centrifuged (3000 x g for 10 min) and the supernatants tested for enzyme activi- 
ty. 

Preparation of cell extract 
The cells were washed twice in 10 mM citrate-phosphate buffer (pH 7.0), re- 

suspended in sterile distilled water and then broken by five l-rain periods of 
sonication in a 20 KHz 150 W MSE Multard Ultrasonic Disintegrator operating 
at maximum output. The supernatant fraction was recovered after centrifuga- 
tion (6 500 x g for 20 rain) of the sonicated suspension. 

Enzyme assays 
Polygalacturonase activity was quantified by measuring the reduction in vis- 

cosity of buffered pectin solutions, according to the procedure of Tuttobello 
and Mill (1961). The incubation temperature was 37°C. One viscometric unit 
of activity (VU) was taken as the amount of enzyme which reduced the initial 
viscosity to 50~ in 20 min. 

Polygalacturonase was also determined by measuring the release of reducing 
end-groups from either pectin or Na-polypectate by the dinitrosalicylic acid 
(DNS) method of Miller (1959), using galacturonic acid as a standard. 

Presence of pectin and/or pectate lyase activities was determined colorimetri- 
cally by the thiobarbituric acid (TBA) method of Neukom (1960). 
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Recovery of crude enzyme 
Cell-free culture broth (200 ml with specific enzyme activity of 15.5 VU. ml- 1) 

was brought to 50~o saturation with ammonium sulphate and centrifuged (5 000 
× g for 10 rain). The supernatant was then brought to 90~o saturation with 

the same salt and left overnight at 4 °C. The precipitate formed was collected 
by' centrifugation (8000 × g for 15 rain), dissolved in a minimum amount of 
distilled water and dialysed overnight against several volumes of water. Precipi- 
tation with ammonium sulphate and dialysis were repeated twice. The final en- 
zyme solution, which contained ahnost 90~ of the initial pectinase activity, was 
concentrated by lyophilization. The lyophilized material had an activity of 70.0 
VU per mg of dry crude preparation. 

Analytical methods 
Protein was determined by the method of Lowry et al. (1951) using bovine 

serum albumin as a standard. 
Gel filtration chromatography of the crude enzyme preparation was per- 

formed at 6°C by using a Sephadex G-100 column (1.5 × 125 cm) equilibrated 
and etuted with 20 mM phosphate buffer, pH 7.0. The flow rate was 6.0 ml. h-  1 
1.5-ml fractions were collected and their enzyme activity was determined visco- 
metrically. 

The apparent molecular weight (MW) of the enzyme was estimated by gel 
filtration on Sephadex G-100 (as above) according to the procedure of Andrews 
(1965). Lysozyme (MWr 14 000 dal), myoglobin (MWr 18 000 dal), trypsin (MWr 
23 500 dal), ovalbumin (MWr 43 000 dal) and bovine serum albumin (MWr 67 000 
dal) were the reference proteins. The void volume Vo was determined using a 
0.4~o Blue Dextran 2 000 000 solution. 

In order to determine its MW the enzyme was also subjected to sodium dode- 
cyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) followed by 
Coomassie blue staining (Weber and Osborn, 1969). The MW of the enzyme 
was determined by comparing its migration rate with that of standard proteins 
with known MW. 

Polyacrylamide gel electrophoresis under non-denaturing conditions was car- 
ried out according to Davis (1964). After electrophoresis, the protein was de- 
tected in one gel by staining with 0.25~ Coomassie blue while a duplicate gel 
was stained for glycoproteins by the periodic acid-Schiff technique of Zacharius 
et al. (1969). 

Isoelectric point (pI) was determined by analytical isoelectric focusing in poly- 
acrylamide gel (Drysdate et al., 1971). The ampholine carrier ampholytes used 
had a pH range of 3.5-10.0. 

In all electrophoresis experiments the protein concentration of the enzyme 
was made up to 1.0 rag. ml- 1. 
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pH and temperature relations 
Effects of  pH and temperature on enzyme activity were determined under 

standard assay conditions. 
Effect of pH on enzyme stability was measured by incubating the enzyme 

solution at various pH values for 12 h at 6°C. 100 mM citrate - phosphate, 
200 mM boric acid - 50 mM borax and 50 mM borax - 200 mM NaOH buffers 
were used for the pH ranges 2.5-7.0, 7.5-9.2 and 9.3-10.0, respectively. 

Thermal stability of the enzyme preparation was studied by incubating en- 
zyme solutions which were heated for 10 min at various temperatures between 
30 °C and 60 °C. 

Chemicals 
Citrus pectin'(galacturonic acid content approximately 88.9~ and methoxy 

content approximately 9.7~o) and Na-polypectate were obtained from Sigma 
(London) Chemical Co. Ltd, Kingston-upon-Thames, Surrey, England. The ga- 
lacturonic acid was obtained from Fluka AG, Buchs, Switzerland. Low methox- 
yl pectin LM-380 and high methoxyl pectin HM-Rapid Set were a gift from 
Cesalpinia S.p.A. (Pectin Division), Bergamo, Italy. 

RESULTS AND DISCUSSION 

The effect of the carbon source on polygalacturonase production by Cr. albi- 
dus var. albidus IMAT-4735 is reported in Table 1. 

Enzyme production was obtained in all cultures containing pectic substances 

Table 1. Effect of the carbon source on growth and pectinase activity of Cryptococcus albidus var. 
albidus IMAT-47351 

Carbon source (~) Biomass Enzyme activity 
(cells.m1-1, x 107) (VU'm1-1) 

Glucose 0.2 5.0 1.8 
Sucrose 0.2 5.3 2.2 
Galacturonic acid 0.2 4.8 8.0 
Glucose 1.0 21.8 none 
Sucrose 1.0 21.3 none 
Galacturonic acid 1.0 18.0 13.5 
Na-polypectate 1.0 18.5 13.0 
Pectin 1.0 18.0 t 3.8 
Pectin LM-380 1.0 19.9 15.5 
Pectin HM-RS 1.0 19.7 14.0 
Glucose 0.2 + pectin 0.8 20.6 7.2 
Galacturonic acid 0.2 + pectin 0.8 20.8 14.0 

1 Biomass and pectinase activity at the time of maximal enzyme production. 
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as well as galacturonic acid. This implies that the enzyme was not induced by 
the substrate but produced constitutively. The enzyme activity, however, was 
reduced to less than 15~ when the microorganism was grown on 0.2~o glucose. 
Enzyme synthesis was completely repressed by an initial glucose concentration 
in the culture medium of 1.0~o. In this respect, the polygalacturonase of Cr. 
albidus appears to be rather different from both the inducible enzyme of Asper- 
gillus niger (Tuttobello and Mill, 1961) and the constitutive ones of other yeasts 
such as K.fragilis (Phaff, 1966; Wimborne and Rickard, 1978) and Rhodotorula 
rubra and Rh. minuta (Vaughn et al., 1969). 

Pectin LM-380 was the carbon source that supported the highest level of en- 
zyme activity and, therefore, was chosen as substrate for enzyme induction in 
the study of the kinetics ofpolygalacturonase production by the microorganism. 

Contrary to what has been reported for other yeasts whose ability to produce 
potygalacturonase is completely repressed by high oxygen tensions (Phaff, 1966; 
Wimborne and Rickard, 1978), Cr. albidus var. albidus showed high enzyme 
production when grown aerobically in shake culture (Fig. 1). Growth occurred 
with an average doubling time of approximately 4-5 h. Polygalacturonase activi- 
ty increased progressively during exponential growth and early stationary phase, 
reaching a maximum (15.5 VU. ml - 1) after 72 h. Almost all the enzymatic activi- 
ty was found in the fermentation medium. The polygalacturonase was thus a 
true extracellular enzyme and its appearance in the culture supernatant was not 
due to cell lysis. 

Enzyme was also produced with galacturonic acid as the sole carbon source 
(Fig. 2). This feature seems to be of particular interest being rather uncommon 
among yeasts (Luh and Phaff, 1951). 

The crude enzyme rapidly reduced the viscosity of both sodium polypectate 
and pectin solutions (Fig. 3); the rate of reduction in viscosity was, however, 
twice as high on the first substrate as on pectin. At 50~ viscosity reduction 
only c. 4~  of the available glycosidic bonds of both substrates had been hydro- 
lysed. This mechanism is characteristic of polygalacturonases which act in an 
'endo' fashion (endo-PG), as confirmed by the linearity of the relationship be- 
tween enzyme concentration and the reciprocal of the 50~ reduction time (Phaff, 
1966; Finkelman and Zajic, 1978) (Fig. 4). No lyase was present in the crude 
enzyme preparation as shown by the negative TBA test (Neukom, 1960). 

Purification of Cr. albidus endo-PG activity was achieved by gel filtration 
of the crude enzyme preparation obtained after repeated ammonium sulphate 
precipitation and dialysis. 

The lyophilized material (c. 65 mg) was dissolved in 3.0 ml of distilled water 
and applied onto a Sephadex G-100 column. The enzyme activity eluted as a 
single symmetric peak and the active fractions were pooled, dialysed overnight 
against water and concentrated by lyophilization. Total recovery of activity was 
c. 75~o. Attempts to further purify the enzyme did not lead to any increase in 
specific activity. 
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Fig, 1. Growth and pectinase activity of Cryptococcus albidus var. albidus IMAT-4735 in shaken 
culture on pectin LM-380, Growth (m); enzyme activity of culture supernatant ( l )  and cell extract 
(©);  pectin consumption (*); pH (A). 
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Fig. 2. Growth (am) and pectinase activity ( 0 )  of Cryptocoecus albidus var. albidus IMAT-4735 in 
shaken culture on 0.2~ galacturonic acid (*). 
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Fig. 3. Reduction in viscosity ( . . . . . . .  ) and hydrolysis ( - - )  of  Na-polypectate ( 0 )  and pectin (*) 
solutions by the crude pectinase of  6~vptococcus albidus var. albidus IMAT-4735. 
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Fig. 4. Effect o f  the concentration of  the crude pectinase of  Cryptococcus albidus var. albidus IMAT- 
4735 on the reciprocal of  the 50~ viscosity reduction time. 
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Fig. 5. Estimation of molecular weight by gel filtration, Lysozyme (11); myoglobin (A); trypsin 
(•); 6¥yptococcus albidus endo-PG (*); ovalbumin (0);  bovine serum albumin (O).  

Enzyme purity was demonstrated by electrophoresis experiments under both 
denaturing and non-denaturing conditions. 

Isoelectric focusing gave a pI of 8.10 + 0.10. This value is higher than those 
reported for the endo-PGs I, II and III of K. fragilis (Lim et al., 1980), but 
similar to those of the pectic enzymes of some phytopathogenic fungi (Cervone 
et al., 1977). 

The enzyme had an apparent MWr o f 41000 dal, as estimated by gel filtration 
on Sephadex G-100 (Fig. 5) and as confirmed by SDS-PAGE experiments (MWr 
c. 39 500 dal). 

The endo-PG was most active at pH 3.75 and 37°C (Figs 6-7). It appeared 
to be fairly stable in the pH range 4.0-8.0 (Fig. 6). Heat inactivation was not 
significant up to 40°C; at higher temperatures, however, enzyme activity de- 
creased sharply and complete inactivation occurred at 55 °C (Fig. 7). 

Lineweaver-Burk plots obtained from initial velocities at varying substrate 
concentrations, under standard assay conditions, gave a Km value of 5.7.10-1 
rag-m1-1 for activity on Na-polypectate (Fig. 8), which is very close to that 
observed for endo-PG III of K.fragilis (Lira et al., 1980). 

The enzyme was completely inhibited by Hg z+ (Table 2). Partial inhibition 
was also obtained with Pb z + and Cd 2 + at a concentration of 5.10- 3 M. Howev- 
er, this inhibition was almost nil at an ion concentration of 5.10- 4 M. 

The positive reaction of the pure enzyme with the periodic acid-Schiff reagent, 
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Table 2. Effect of  metal  ions and enzyme inhibitors on the activity o f  Cryptococeus albidus endo-PG 

Metal ion or Residual activity (%) at 
inhibitor concentrations: 

5 . 1 0 - 3 M  5" 10-4M 

None  100 100 
Ca z + (chloride) 100 100 
Cd 2 + (sulphate) 35 80 
Fe 3 + (sulphate) 100 100 
Hg z + (acetate) 0 0 
K + (chloride) 100 100 
Mn 2 + (sulphate) 100 100 
Mg z + (sulphate) 86 100 
Na  + (chloride) t00 100 
Pb 2 + (acetate) 50 84 
E D T A  100 100 
Tris 100 100 
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Fig. 6, Effect o f p H  on activity ( 0 )  and stability 
(*) of  Cryptococcus albidus endo-PG. 
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Fig. 7. Effect o f  temperature on activity ( 0 )  and 
stability (*) of  Cryptococcus albidus endo-PG. 

with which the polyacrylamide gel was stained after electrophoresis under non- 
denaturing conditions (Zacharius et al., 1969), suggested that the endo-PG was 
a glycoprotein. 
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