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CELL GROWTH AND CATECHOLASE PRODUCTION FOR 

POLYPORUS VERSICOLOR IN SUBMERGED CULTURE 

Running head: Fungal growth and catecnolase production 

Abstract 

la 

Cell growth and catecholase production for Polyporus 

versicolor (ATCC 12679) were studied in mechanically agitated 

submerged culture, as functions of temperature. The exponential 

phase growth rate exhibited a maximum at 28°C. Over the range 

of 20°C to approximately 30°C, both cell mass and enzyme yield 

factors were constant. At higher temperature (30 °C to 40°C) 

cell mass yield factor decreased and enzyme yield factor increased. 

Specific respiration rate of P. versicolor was determined. Thermal 

deactivation of catecholase was investigated between 30°C and 

50°C, and deactivation rates were fitted to an Arrhenius rate 

expression. 
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The growth rate and catecholase (o-diphenol oxidoreductase 

E.C. 1.10.3.1.) production rate of Polyporus versicolor 

(ATCC 12679) were investigated in a five-liter standard geometry 

fermentor. Such a study is of interest primarily because P. 

versicolor plays a role in delignification of cellulosic materials 

and the results may aid in the incorporation of the organism into 

a process for conversion of lignocellulosics to useful products 

(3)·. Enzymatic delignification has long been associated with 

phenol oxidases, and for this reason the production of catecholase 

was studied as a possible index of the organism's potential for 

secreting a lignin degrading enzyme system. Also, the production 

of catecholase may be of value for other purposes, such as the 

oxidation of catechol derivatives (1). 

Batch culture experiments were undertaken to determine 

Polyporus versicolor's growth rate optimum with respect to tern-

perature in the range of 20°C to 40°C, and its specific respira-

tion rate. Cell mass yield factor and enzyme activity yield 

factor were measured over the same temperature range. The thermal 

deactivation rate of catecholase in culture filtrates was also 

determined • 

MATERIALS .AND METHODS 

Test organism. The fungus Polyporus versicolor (ATCC 12679) was 

studied because it has been commonly used in studies of lignin 

degradation. Stock cultures were maintained on potato dextrose 

agar (Difco) with 0.5% yeast extract (Difco) included, stored at 

refrigerated temperature. The inoculum for fermentation was 
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prepared by culturing the organism in the liquid medium to be 

described for about six days, or until the mY.9elial mats taken 

from the solid culture produced several pellets in liquid culture. 

Culture medium. Polyporus versicolor was cultured on a medium 

containing (g/liter): glucose, 10.0; yeast extract, 3.333; 

KH 2Po4 , 0.333; MgS0 4 ·7H20, 0.167; CaC12 , 0.01; FeS04 ·7H2o,· 0.01; 

MnS04 ·4H2o, 0.001; CuS04 •5H2o, 0.001; and ZnS0 4 ·7H20, 0.001 (4, 

5). The medium was adjusted to pH 5.0 before inoculation. All 

pH adjustments were made with 4N H2so4 or NaOH. The medium was 

autoclaved at 121°C for 20 minutes. The glucose was sterilized 

separately, as, was the cac12 and Mgso4 ·7H2o. 

Fermentation conditions. All fermentations were conducted in a 

standard five-liter fermentor equipped with a six-bladed turbine 

impeller. Agitation was constant at 500 RPM to insure turbulent 

mixing conditions. Temperature was c9ntrolled by passing water 

through hollow baffles in the fermentor. Sterile air was fed at 

an initial rate of 3 liters per minute into the broth volume of 

3 liters, and was subsequently adjusted to maintain constant the 

volume of air fed per volume of liquid, accounting for withdrawal 

of samples. The pH of the fermentation was monitored • 

Sampling procedure and dry weight determination. The fermentor 

was equipped with a sampling line positioned at the level of the 

impeller. Fermentation broth was withdrawn and 50 ml were 

centrifuged. The solids were washed in distilled water and 

centrifuged thrice in tared tubes. Tubes were dried in a l05°C 
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oven overnight •. Dry weight of cells per volume of sample with-

drawn from the fermentor is expressed as cell mass concentration. 

Enzyme assay. 

Activity of catecholase in culture filtrates was deterrtined 

spectrophotometrically (7), using catechol as substrate. Mixed 

in a tube were 1.0 ml of 0.1 M catechol, 3.0 ml of 0.1 M acetate 

buffer at pH 5.0, and 1~0 ml of culture filtrate. Increased in 

absorbance at 395 nanometers was measured spectrophotometrically, 

as a transient response curve traced on a strip chart recorder. 

The increa?e of absorbance per time of the linear part of the 

curve was reported as enzyme activity in units of absorbance 

increase per time per milliliter of culture filtrate solution. 

Reducing sugar assay. Glucose concentration was measured by a 

reducing sugar assay (9) using 3,5-dinitrosalicylic acid as the 

substance·being reduced. A reducing sugar determination was ad-

equate since glucose was the only sugar used as substrate. 

Absorbance was read at·a wavelength of 600 nanometers and the 

concentration of glucose determined according to a standard curve. 

Specific respiration rate·determination~ The specific respiration 

rate', o
02

, of Polyporus versicolor at 30 °C was measured by a con

ventional method (2). A fast response oxygen probe (10) was used 

to measure the decrease in dissolved oxygen concentration during 

a brief interruption of fermentation aeration. The probe 

response was monitored on a high speed voltage recorder. Dissolved 

oxygen concentration decreased linearly with time over a five 

minute period, during which it was assumed that the cell mass 
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remained constant for the slowly growing fungus. There was 

insignificant tim~ lag. in the probe response itself. 

RESULTS AND DISCUSSION 

5 

Fermentation of Polyporus versicolor. Typical batch fermentation 

data, taken at 28°C, is illustrated in Figure 1. Given a small 

inoculum, there was little apparent change from initial conditions 

of pH 5.0 and glucose concentration of 10.0 grams per lite-r for 

several hours. After approximately 20 hours, exponentially 

increasing cell mass and enzyme levels became readily detectable. 

Glucose concentration decreased. The pH level also decreased 

slightly during fermentation. At the point of glucose exhaustion, 

cell mass reached a maximum and began to decline due to ceil 

autolysis. Released of nitrogenous compounds into solution from 

the lysing cells was probably responsible for the rise in pH after 

glucose exhaustion. There was an immediate d;rop in enzyme 

activity with cell lysis, possibly due to release of proteases, 

but as lysis continued the oxidase released from within the cell 

caused a large increase in enzyme activity measured in solution. 

After several hours, enzyme activity level stabilized. Since 

continuous culture of organisms for oxidase production would 

involve the enzyme level at substrate exhaustion, it is this 

level which is considered in subsequent discussion. 

The specific growth rate of Polyporus versicolor was de

termined from a plot of cell concentration data versus 'time, uS 

shown in Figure 2 for the same fermentation as illustrated in 

Figure 1. The positive slope of the line in Figure 2 is the 
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specific growth rate, in units of hour-1 • The variation of 

specific growth rate with temperature of fermentation is shown 

in Figure 3. There was no growth at 40°C. The maximum specific 

growth rate, 0.092 hour-l, occurred at 28°C. 

Also, shown in Figure 3 are the variations of cell mass yield 

factor (grams dry weight of cell produced per gram of substrate 

glucose utilized) and enzyme yield factor (solution activity of 

catecholase obtained per gram of substrate glucose consumed) with 

temperature. The yield factors do not vary much below 30°C. 

Above this temperature, the enzyme yield factor increases as the 

cell mass yield factor decreases. This indicates that fungal 

metabolism is being altered to channel more substrate into enzyme 

production. This has important implications for maximizing enzyme 
.. 

production with respect to glucose utilization. It has been shown 

(6) that addition of protein synthesis inhibitors to culture media 

can greatly increase the production of phenol oxidase. The 

inhibition of protein synthesis seems to be linked to derepression 

of phenol oxidase induction, resulting in less cell mass and more 

enzyme.. The same association may be susceptible to temperature 

control by altering relative rates of enzyme and cell mass 

syntheses, perhaps by accumulation of certain intermediates with

in the cell. 

The specific respiration rate of Polyporus versicolor was 

determined to be 1.04 millimoles of oxygen consumed per gram dry 

weight of cells per hour. This agrees well with that reported 

for Trichoderma viride, 1.0 millimoles o2 per gram dry weight per 

hour, which is also a wood destroying fungus (8). The values for 

these two fungi were determined using the same technique. 
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Heat deactivation of catecholase. Solutions of culture filtrate 

of P. versicolor were' placed in temperature controlled water 
'· 

baths of 30°C, 40°C, and 50°C. Samples were taken frequently and 

the solutions assayed for catecholase enzyme activity. The 

results are shown in _Figure 4. It is clear that exponential decay 

occurred. The enzyme appeared fairly stable at 30°C, suffering 

only slight heat deactivation in 50 hours. Deactivation at 40°C, 

and particularly 50°C, was rapid. 

An Arrhenius plot of the deactivation rates as a function of 

temperature is presented in Figure 5. For heat deactivation of 

enzyme, the rate constant for the thermal deactivation, k in 

-1 units of hour , is an exponential function of temperature as 

given in the figure. The activation energy for the catecholase 

thermal deactivation reaction is shown to be 13,100 calories, 

where the gas constant R is 1.987 gram calories per' gram mole -

°Kelvin, and T is in degrees Kelvin. The fact that the catecholase 

of this system cannot be used at temperatures in the range of 40°C 

to 50°C implies that the general lignin degrading enzyme system, 

of which catecholase may be regarded as a component, may not be 

able to be used either. This result reduces the possibility of 

using P. versicolor lignin degrading enzyme system in solution 

with an extracellular cellulase system, such as that of 

Trichoderma viride, at a high temperature to promote rapid 

degradation of lignocellulosics. 
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