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Abstract--After the mutagenesis of Penicilliumfuniculosum with UV light and N-nitroso-N-methylurea, 83 
of 2237 grown colonies were surrounded with increased zones of glucose oxidase diffusion. Analysis of the glu- 
cose oxidase activity of selected mutant strains grown in submerged cultures allowed 18 mutant strains to be 
obtained whose glucose oxidase activity was 5-153% higher (in a medium with glucose) and 4-83% higher (in 
a medium with sucrose) than that of the parent strain. Two of these mutant strains, UV6.31 and NMU95-132, 
possessed high glucose oxidase activity when grown in media with glucose or sucrose and produced large 
amounts of mycelia. The active and morphologically stable mutant P. funiculosum NMU95-132 was chosen for 
further selection work. 
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The practical application of enzymes is a constantly 
expanding area of biotechnology. In particular, glucose 
oxidase (B-D-glucose : oxygen-1 oxidoreductase, EC 
1.1.3.4), which catalyzes the oxidation of B-D-glucose 
into ~-D-glucono-~i-lactone, is widely used in the food 
and chemical industries, medicine, and scientific inves- 
tigations [1-4]. Raising the biosynthetic activity of pro- 
ducers is an important stage of enzyme biotechnology. 
The employment of genetic engineering approaches 
made it possible to obtain highly active producers of 
glucose oxidase [5-7]. However, the traditional meth- 
ods of induced mutagenesis employing various 
mutagens and their combinations are still successfully 
used for this purpose [8-11]. 

Earlier, we selected an active producer of glucose 
oxidase, Penicillium funiculosum G-15, and optimized 
its growth medium [12, 13]. The aim of the present 
work was to study the mutagenic effect of UV light and 
N-nitroso-N-methylurea (NMU) on P. funiculosum 
G-15 in order to obtain its mutant strains with enhanced 
glucose oxidase production. 

MATERIALS AND METHODS 

Penicillium funiculosum G-15 was obtained from 
the culture collection of the Institute of Microbiology, 
National Academy of Sciences of Belarus. 

To prepare spores, the fungus was grown at 24-26~ 
on Czapek agar with 2% malt for 6 days. Three milli- 
liters of spores suspended in water to a density of 

5-6 X 106 spores/ml were placed in a pelri dish (d = 9 cm) 
and irradiated with UV light from an OKN-IIM quartz 
lamp placed at a distance of 15 cm from the petri dish. 
The exposure time was 1, 2, 4, 6, 8, and 10 min. 

P. funiculosum G-15 spores were treated with 0.05 
and 0.1% NMU for 30-120 min under continuous stir- 
ring. After treatment, spores were collected by centrif- 
ugation at 10000 g for 15 min, washed several times 
with distilled water, and resuspended in 3 ml of dis- 
tilled water. 

The effect of mutagens was evaluated in terms of the 
survival rate of spores, the morphological and cultural 
properties of colonies, and the glucose oxidase activity 
of mutants. 

The survival rate of fungal spores was determined 
by counting 3-day colonies grown on Czapek agar from 
single spores and expressed as percent of the control. 
To obtain colonies from single spores, the agar medium 
was inoculated with the serial dilutions of spore sus- 
pension. 

To select a mutant with enhanced glucose oxidase 
production, mutagenized P. funiculosum G-15 spores 
were incubated for 48 h in liquid nutrient medium con- 
taining (%) KNO3, 0.8, KH2PO4, 0.1; KCI, 0.05; 
MgSO4- 7H20, 0.05, FeSO4, 0.001; glucose, 1.0; and 
malt, 1.0 (pH 5.0). Outgrown spores were plated on a 
solid diagnostic medium, which allowed us to estimate 
the glucose oxidase activity by the diameter of the 
brown zones of o-dianisidine oxidation developed 
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around the colonies [11]. Promising P. funiculosum 
mutants were grown in submerged mode in the liquid 
medium that was optimized for glucose oxidase pro- 
duction by the parent strain [13]. This medium was 
inoculated to a density of (4-6) x 10 4 spores/ml. The 
fungal mycelium grown for 96 h was collected by filtra- 
tion, washed, dried at 105~ to a constant weight, and 
weighed. The culture liquid filtrate was used for the 
respective analyses. 

Reducing sugars were determined with 3,5-dinitro- 
salicylic acid [14]; pH was measured potentiometri- 
cally. 

The activity of glucose oxidase was measured by the 
spectrophotometric method [15] in a modification of 
Markwell et al. [16] and expressed either in U/ml cul- 
ture liquid or in U/mg dry mycelium. 

The morphological characteristics of mutant colo- 
nies were determined after their growth for six days on 
wort agar, Czapek agar, malt Czapek agar, Raistrik agar 
[17], and differential-diagnostic agar [11]. 

RESULTS AND DISCUSSION 

The exposure of P. funiculosum G- 15 spores to UV 
radiation for 1-10 min decreased their survival rate 
from 40.6 to 0.0027%. The maximum number of 
mutants with enhanced glucose oxidase synthesis was 
produced by UV irradiation corresponding to a 40.6% 
survival rate. According to data available in the litera- 
ture, optimal survival rates for obtaining Aspergillus 
niger and Penicillium variabile mutants with enhanced 
glucose oxidase production are 33-78 and 52%, 
respectively. 

The mutagenic effect of NMU depended on both its 
concentration and the time of treatment of the spore 
suspension; the latter factor primarily influenced the 
frequency rate of positive mutations. The maximum 
yield of mutants with improved glucose oxidase pro- 
duction (10.32 and 3.43%) was observed after 1.5-h 
treatment with 0.05 and 0. 1% NMU, respectively. 

It should be noted that the original population of 
P.funiculosum G-15 grown on the differential-diag- 
nostic medium was uniform in the cultural and morpho- 
logical properties of colonies: among the 200 colonies 
examined, only one colony differed from the others in 
size and color (i.e., the frequency rate of the appearance 
of morphologically altered colonies was 0.5%). Treat- 
ment with the mutagens gave rise to four colonial mor- 
photypes. Morphotype I colonies were grayish green 
and flat. Colonies of morphotypes II and III were white 
and convex, either fluffy (morphotype II) or velvety 
(morphotype III) in consistence. Morphotype IV colo- 
nies were gray-brown, leathery, convex, and wrinkled. 

As can be seen from Table 1, mutagenesis increased 
the number of morphologically altered colonies to 
47.3-69.9%. The mutagenic efficiency of NMU was 

Table 1. Effect ofmutagens on the survival rate of P.funicu- 
losum G-15 spores and the frequency rate of morphological 
mutants 

Frequency rate of 
morphological mutants, % 

Mutagen ~ ~ ~" ~" 

UV: 1 min 40.62 52.7 47.3 0 0 
2min 15.75 47.5 52.5 0 0 
4min 1.65 46.3 50 3.7 0 
6 min 0.86 43.5 56.5 0 0 
8min 0.24 47.4 48.4 4.2 0 

10min 0.021 46.9 48.9 4.2 0 
0.05%NMU: 60min 22.81 46.8 50 0 0 

90min 5.15 36.3 58.9 4.8 0 
120min 0.14 31.8 62.8 5.4 0 

0.1%NMU: 30min 2.55 31.3 64.2 4.5 0 
60 min 1.34 32.9 61.9 5.2 0 
90min 0.27 30.1 64.3 5.6 0.25 

120min 0.027 31.5 63.7 4.8 0 
Control 100 99.5 0.5 0 0 

higher than that of UV light. The frequency rate of the 
appearance of morphotype II mutants under the action 
of 0.1% NMU was more than 60%. Morphotype III 
mutants appeared irrespective of the duration of NMU 
treatment. The maximum number of mutants of all 
morphotypes was observed after 60-min treatment with 
0.1% NMU. The frequency rate of the appearance of 
the morphological mutants of P. funiculosum G-15 
under the action of UV light was lower than under the 
action of NMU; the morphological diversity of mutants 
increased as the survival rate decreased from 1.65 to 
0.021%. 

Based on the diameter of the glucose oxidase diffu- 
sion zone around colonies (a total of 2237 colonies 
were examined), we selected 37 UV-induced and 46 
NMU-induced P. funiculosum mutants that had the 
maximum diameter of th]s zone. All the mutants 
selected turned out to belong to morphotypes I and II. 
Analysis of the glucose oxidase activity of these 
mutants grown in submerged mode led us to select 
18 mutant strains whose glucose oxidase activity was 
5-153% higher (in the medium with glucose) and 
4-83% higher (in the medium with sucrose) than that 
of the parent strain. Among these mutants, only seven 
strains possessed glucose oxidase activity (calculated 
per 1 ml of culture liquid or per 1 mg of mycelium) that 
was 50% higher than that of the parent strain (these 
mutants are listed in Table 2). 
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Table 2. Production of glucose oxidase by P funiculosum strains 

Strain 
P. funiculosum 

UV1.22 

UV1.25 

UV1.30 

UV6.31 

NMU95.132 

NMU95.173 

NMU95.243 

G- 15 (control) 

Carbon Biomass, Reducing 
Glucose oxidase activity 

source* pH 

3.1 

3.1 

3.1 

3.1 

mg/ml 

3.69 

5.92 

3.61 

5.43 

sugars, mg/ml 

10.83 

21.80 

11.08 

28.00 

U/ml 

11.21 

6.90 

9.49 

8.42 

% of the 
control 

212 

111 

180 

136 

3.2 

3.2 

3.3 

3.3 

3.2 

3.3 

3.2 

3.3 

3.3 

3.4 

3.2 

3.2 

3.67 

5.35 

3.41 

2.97 

3.21 

3.02 

3.08 

3.35 

3.98 

4.04 

6.43 

3.94 

7.40 

28.70 

7.20 

17.20 

10.08 

23.42 

10.83 

22.00 

14.40 

33.58 

7.20 

32.67 

13.36 

6.61 

8.23 

11.29 

6.38 

11.09 

6.01 

9.66 

5.87 

10.49 

5.28 

6.18 

253 

107 

156 

183 

121 

179 - 

114 

156 

111 

170 

100 

100 

U/mg % of the 
control 

3.04 349 

1.17 101 

2.63 302 

1.56 99 

3.64 418 

1.24 105 

2.42 278 

3.80 242 

1.99 228 

3.67 257 

1.95 224 

2.88 198 

1.47 170 

2.59 165 

0.87 100 

1.57 100 

* 1 indicates 4% glucose and 2 indicates 6% sucrose. 

Table 3. Morphological characterization of mutant P. funiculosum strains 

Diagnostic medium P. funiculosum NMU95.132 P. funiculosum UV6.31 

Raistrik agar 

Wort agar 

Czapek malt agar 

Czapek agar 

Colonies are yellow, fluffy, 
and  convex, the reverse is 
orange, d = 1.5 cm 

Colonies are yellowish white, fluffy, 
and convex, d = 1.2 cm 

Colonies are white, fluffy, 
and convex, the reverse is 
orange, d = 2.0 cm 

Colonies are yellow with a white 
center, fluffy, convex, the reverse 
is yellow in the center and orange 
on the periphery, d = 0.8 cm 

Colonies of morphotype I are yellow and tat, d = 0.8 cm; 
colonies of morphotype II are white, fluffy, and convex, d = 1.2 cm 

Colonies of morphotype I are yellowish white, fluffy, 
and convex, d = 1.2 cm; 
colonies of morphotype II are white, fluffy, and convex, d = 1.7 cm; 
colonies of morphotype III are gray-green, fluffy, convex, 
and radially wrinkled, the edge is white, d = 2.3 cm 
Colonies of morphotype I are white, fluffy, convex, 
the reverse is yellow, d = 2.0 cm; 
colonies of morphotype II are gray-green, fiat, the reverse 
is yellow, d = 2.0 cm 
Colonies of morphotype I are yellow with a white center, fluffy, 
convex, the reverse is yellow in the center and orange on the pe- 
riphery, d = 0.8 cm; 
colonies of morphotype II are gray-green, flat, the cone-shaped 
center is white, the reverse is yellow, d = 1.0 cm 

In the course of  submerged cultivation, the pH of  the 
culture liquid of  mutants decreased from 5.0 to 3.4-3.1,  
irrespective of  the carbon source used. The accumu- 
lated biomass varied f rom 2.97 to 5.92 mg/ml and was 
maximum for mutant strains UV1.22, UV1.25,  and 
UV1.30 grown on sucrose as the carbon source. All the 
mutants tested, except  UV1.30 and UV6.31, consumed 
glucose more slowly than the parent strain. The glucose 
oxidase activity of  these mutants was 11-153% higher 

(in the medium with glucose) and 7 -8 3 % higher (in the 
medium with sucrose) than that o f  the parent strain. If  
calculated per 1 mg of  mycel ium, the maximum glu- 
cose oxidase production was found in the mutants 
UV1.22 and UV1.30 grown on glucose (349 and 418%, 
respectively, as compared to the productivity of  the par- 
ent strain). In the medium with sucrose, the most active 
producers of  glucose oxidase were strains NMU95.132 
and UV6.31. These strains were chosen for further 
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Table 4. Characterization of the morphological variants ofP.funiculosum UV6.31 

Morphological 
variant P. funiculosum 

UV6.31.1 

UV6.31.2 

UV6.31.3 

G-15 (control) 

pH 

3.2 

3.1 

3.4 

3.1 

409 

Glucose oxidase activity 
Biomass, mg/ml 

U/ml % of the control U/mg % of the control 

9.65 
1.64 

2.46 

4.58 

211 

36 

54 

100 

2.73 

0.37 

0.46 

0.79 

3.55 
4.22 

5.04 
5.61 

343 

47 

57 

100 

selection, since they efficiently produced glucose oxi- 
dase on both glucose and sucrose (Table 2). 

An important biotechnological characteristic of 
microbial producers is their genetic and phenotypic sta- 
bility, which can be estimated by different methods: 
(1) analysis of the morphological stability of colonies 
grown on special agar media; (2) comparative analysis of 
cultures grown from the inocula taken from different parts 
of colonies (the method of DasGupta); and (3) analysis by 
the cytological (karyological) method [18]. 

Data on the population composition of mutants sub- 
cultured on four different media for 8 months are pre- 
sented in Table 3. The population composition was 
studied by the first and third aforementioned methods, 
examining no less than 300 colonies in each mutant 
subculture (Table 3). 

P. funiculosum NMU95.132 was found to be the 
most stable mutant strain. At the same time, the mutant 
strain P. funiculosum UV6.31 obtained by UV 
mutagenesis gave rise to three colonial morphotypes 
when grown on wort agar. Upon submerged cultivation, 
only one of the three UV6.31 morphotypes produced 
111% more glucose oxidase than the parent strain (the 
glucose oxidase activity of this morphotype per 1 mg of 
mycelium was 243% higher than that of the parent 
strain) (Table 4). 

Thus, UV light and NMU can be efficiently used for 
the mutagenesis of P. funiculosum to improve glucose 
oxidase production. These mutagens affect the mor- 
phological stability of P. funiculosum. The number of 
morphological mutants rises with the decreasing sur- 
vival rate of spores. The maximum number of mor- 
phological mutants was observed after the 1.5-h treat- 
ment of fungal spores with 0.1% NMU. One-step 
induced mutagenesis allowed us to obtain 18 mutant 
strains of P. funiculosum with 1.5- to 2.5-fold 
improved glucose oxidase production. The morpho- 
logically stable mutant P. funiculosum NMU95.132 is 
chosen for further selection. 

REFERENCES 

1. Anderkofler, L.M., Proizvodstvo i primenenie ferment- 
nykh preparatov v pishchevoi promyshlennosti (Produc- 
tion and Employment of Enzyme Preparations in the 

Food Industry), Moscow: Pishchepromizdat, 1963, 
pp. 73-88. 

2. Bilai, V.I., Pidoplichko, N.M., and Artemchuk, N.Ya., 
Abundance of Glucose Oxidase in Species of the Genus 
Penicillium L.K., Belki v meditsine i narodnom 
khozyaistve (Proteins in Medicine and Economy), Kiev: 
Naukova Dumka, 1965, pp. 124-131. 

3. Roehr, M., Kubicek, Ch.P., and Kominek, J., Gluconic 
Acid, Biotechnology, Rehm, H.S. and Reed, G., Eds., 
1996, vol. 6, pp. 347-362. 

4. Wilson, R. and Turner, A.P.E, Glucose Oxidase: An 
Ideal Enzyme, Biosens. Bioelectr., 1992, vol. 7, no. 2, 
pp. 165-187. 

5. Heilmuth, K., Pluschkell, S., Jung, J.K., Ruttkowski, E., 
and Rinas, U., Optimization of Glucose Oxidase Produc- 
tion by Aspergillus niger Using Genetic- and Process- 
Engineering Techniques, Appl. Microbiol. Biotechnol., 
1995, vol. 43, no. 6, pp. 978-984. 

6. Sharif, EA. and Alaeddinoglu, N.G., Expression and 
Overproduction of Glucose Oxidase in Aspergillus niger, 
Appl. Microbiol. Biotechnol., 1992, vol. 38, pp. 115- 
116. 

7. Witteveen, F.B., van de Vondervoort, P.J., van den Bro- 
eck, H.C., van Engelenburg, A.C., de Graaff, L.H., Hill- 
ebrand, M.H., Schaap, P.J., and Visser, J., Induction of 
Glucose Oxidase, Catalase, and Lactonase in Aspergillus 
niger, Curr. Genet., 1993, vol. 24, no. 5, pp. 408-416. 

8. Fiedurek, J., Rodalski, J., and Ilczuk, Z., Intensification 
of Glucose Oxidase Synthesis with Aspergillus niger by 
the Way of Multistage Mutagenization, Acta Biotech- 
nol., 1990, vol. 10, no. 4, pp. 371-376. 

9. Fiedurek, J., Rogalski, J., Ilczuk, Z., and Leonowicz, A., 
Screening and Mutagenization of Moulds for the 
Improvement of Glucose Oxidase Production, Enzyme 
Microb. Technol., 1986, vol. 23, pp. 734-736. 

10. Gromada, A. and Fiedurek, J., Selective Isolation of 
Aspergillus niger Mutants with Enhanced Glucose Oxi- 
dase Production, J. Appl. Microbiol., 1997, vol. 82, 
pp. 648-652. 

11. Petruccioli, M., Piccioni, E, Federici, E, and Polsinelli, M., 
Glucose Oxidase Overproducing Mutants of Penicillium 
variabile P16, FEMS Microbiol. Lett., 1995, vol. 128, 
pp. 107-112. 

12. Mikhailova, R.V., Lobanok, A.G., Shishko, Zh.E, and 
Yasenko, M.I., Glucose Oxidase Production by Fungi of 
the Genus Penicillium, Mikol. FitopatoL, 1998, vol. 32, 
no. 1, pp. 60---64. 

MICROBIOLOGY Vol. 69 No. 4 2000 



410 SEMASHKO et al. 

13. Mikhaiiova, R.V., Shishko, Zh.E, and Yasenko, M.I., 
Effect of Nutrient Medium on the Production of Extra- 
cellular Glucose Oxidase by Penicillium funiculosum 
G-15, Vestn. Akad. Nauk Belarus, Ser. Biol., 1998, no. 2, 
pp. 57-60. 

14. Miller, G.L., Use of Dinitrosalicylic Acid Reagent for 
Determination of Reducing Sugars, Anal. Chem., 1959, 
vol. 31, pp. 426-428. 

15. Ciucu, A. and Patroescu, C., Fast Spectrometric Method 
of Determining the Activity of Glucose Oxidase, Anal. 
Lett., 1984, vol. 17, pp. 1417-1427. 

16. Markwell, J., Frakes, L.G., Brott, E.C., Osterman, J., and 
Wagner, F.W., Aspergillus niger Mutants with Increased 
Glucose Oxidase Production, Appl. Microbiol. Biotech- 
noL, 1989, vol. 30, no. 2, pp. 166-169. 

17. Metody eksperimental' noi mikologii (Methods of Exper- 
imental Mycology), Bilai, V.I., Ed., Kiev, 1973, p. 237. 

18. Matskevich, N.V., Spontannaya izmenchivost' i kari- 
ologiya nesovershennykh gribov (Spontaneous Variabil- 
ity and Karyology of Imperfect Fungi), Moscow: Nauka, 
1981. 

MICROBIOLOGY Vol. 69 No. 4 2000 


