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ABSTRACT 

 
Aspergillus oryzae IPT-301, previously reported as a β-fructofuranosidase producing microorganism, was 

successfully mutated using UV irradiation at 253.7 nm followed by the screening of survivors resistant to 

certain stress conditions. Strains were first subjected to the β-fructofuranosidase activity assay using a 

portion from the colony grown in Petri dish as the enzyme source. Seven mutants with β-

fructofuranosidase activity values relative to the parent culture between 140 - 190% were selected from 

survivors grown at temperature of 40ºC or 0.018% (w/v) sodium dodecyl sulfate concentration. They were 

cultivated on a rotary shaker to characterize mycelium and extracellular fructosyltransferase activities. 

Three mutants named IPT-745, IPT-746 and IPT-748 showed the highest amount of mycelium activity 

whose values increased 1.5 - 1.8 fold, compared with the parent strain. It was found that more than 55% of 

total enzyme activity (mycelium- plus extracellular- activity) from these strains was detected in the 

mycelium fraction. Only one mutant, IPT-747, exceeded the amount of extracellular enzyme exhibited by 

the parent strain (1.5 times). This mutant also showed the highest value of total fructosyltransferase 

activity. 
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INTRODUCTION 
 

Fructooligosaccharides (FOS) are produced from sucrose 

by the action of enzymes with transfructosylating activity, 

which have been classified as β-D-fructofuranosidases (EC 

3.2.1.26) or fructosyltransferases (EC 2.4.1.9) (1,6). Although 

several microorganisms such as Fusarium sp. (20), Aspergillus 

sp. (6,7,8,15,25), Aureobasidium sp. (2,23,28), Penicillium sp. 

(5), Bacillus sp. (13), Scopulariopsis sp. (12) and Arthrobacter 

sp. (10) are able to produce these enzymes, the industrial 

production of FOS depends mainly on fungal enzymes from 

either Aureobasidium sp. or Aspergillus sp. (27). Therefore, the 

search for microorganisms with enhanced transfructosylating 

activity is important in order to obtain these enzymes on a 

commercial scale.  
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There are many papers concerning the isolation and 

screening of microorganisms for enzyme production with high 

transfructosylating activity, but only few of them involved 

mutagenesis techniques. Classical mutagenesis with physical 

and/or chemical agents followed by titre test of a large number 

of isolates has been used successfully to improve the 

productivity of several fungal metabolites and enzymes 

(4,19,22). α-Amylase overproducing mutant of Aspergillus 

oryzae, which was obtained by random mutagenesis showed 

6.73 times more dextrinizing and 5.13 times more 

saccharogenic activities than the parent strain (3). 

Aspergillus oryzae is generally recognized as a safe 

(GRAS) microorganism by the Food and Drug Administration 

and has been widely used to obtain many kinds of enzymes like 

amylases, cellulases, pectinases, glycosidases, lipases, 

proteases and peptidases (3,17). Also, the production of FOS 

using β-D-fructofuranosidases synthesized by this fungus has 

been reported (14, 23,24). 

In a previous work, some strains of filamentous fungi were 

grown in batch cultures to compare their abilities for the 

production of �-fructofuranosidase. Among them, Aspergillus 

oryzae IPT-301 showed high levels of fructosyltransferase 

activity. This enzyme also has a high fructosyltransferase 

activity to hydrolytic activity ratio, which makes it interesting 

for potential industrial use (8). The main aim of this study is to 

improve the fructosyltransferase activity showed by the 

mentioned strain using UV mutagenesis. Mutants isolated 

under particular stress culture conditions were researched.  

 

MATERIALS AND METHODS 

 

Microorganism and media 

Aspergillus oryzae IPT-301 from the Instituto de Pesquisas 

Tecnológicas do Estado de São Paulo (IPT) culture collections 

was used as the parent strain. All mutants (also deposited in 

IPT culture collections) and parent strain were grown on Malt 

Agar slants at 30ºC for 7 - 8 days. Spore suspensions, prepared 

by adding saline solution onto the slope, were mixed with 

glycerol up to 10% concentration and maintained in ultra 

freezer at –80ºC.  

The liquid assay medium contained (% w/v): sucrose 3.0, 

NaNO3 0.3, KH2PO4 0.2, MgSO4.7H2O 0.05, MnCl2.4H2O 0.02 

and FeSO4.7H2O 0.001. The solid assay medium was prepared 

by dissolving 1.5% (w/v) agar in the above medium. The 

fermentation medium contained (% w/v): sucrose 15.0, yeast 

extract 0.5, NaNO3 0.5, KH2PO4 0.2, MgSO4.7H2O 0.05, 

MnCl2.4H2O 0.03 and FeSO4.7H2O 0.001. The pH of the media 

was adjusted to 5.5 before sterilization. Effects of hyphal 

growth restrictors were studied on Petri dishes with solid assay 

medium containing 0.01 - 0.10% (w/v) sodium deoxycholate 

(SD) or 0.001 - 0.015% (w/v) sodium dodecyl sulfate (SDS). 

 

Mutagenesis procedure 

The induction of mutagenesis was carried out by UV 

irradiation at 253.7 nm using a germicide lamp G15T8 (Sankyo 

Denki Co, Ltd). A. oryzae IPT-301 survival to the UV-radiation 

at different irradiation times was determined using both spore 

suspensions (106 spores ml-1) and spores spread on plates 

containing solid assay medium at a distance of 25.5 and 38.0 

cm from the UV lamp, respectively. 

In the first stage of mutagenesis, spore suspensions of the 

parent strain were spread on the dishes with the solid assay 

medium containing SD (0.05% w/v) as a colony growth 

restrictor and later exposed to UV irradiation. Survivors were 

selected for their morphological characteristics. In the second 

stage, mutants resistant to a toxic SDS concentration were 

isolated. A similar procedure as indicated above was used but 

SDS at 0.018% (w/v) was added to solid assay medium. In the 

third stage, mutants resistant at high temperature were selected. 

Twenty milliliters of spore suspension (106 spores ml-1) was 

poured into a dish under agitation using a magnetic bar and 

irradiated with UV lamp. The surviving spores were inoculated 

on 100 ml conical flasks containing 10 ml of liquid assay 

medium and incubated on a rotary shaker at 40ºC and 200 rpm 

overnight. Culture broth was suitably diluted and plated on 

solid assay medium containing SD (0.05% w/v). 
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Irradiated samples were kept in the darkness during the 

whole procedures. All plates were incubated at 30ºC for 3 - 4 

days. Colonies which grew on dishes were picked out and 

subjected to the preliminary �-fructofuranosidase assay. 

 

Mutants selection for fructosyltransferase activity 

Plate cultures were used in the first selection of �-

fructofuranosidase hyper-producing mutants. The potential 

mutants and parent strain were individually cultivated on 90 

mm diameter Petri dishes containing 20 ml of solid assay 

medium and incubated at 30ºC for 3 days. One disc of 7 mm 

diameter was cut from the colony and suspended in 1.2 ml 

buffer tris-acetate pH 5.5. The procedure indicated below for �-

fructofuranosidase activity determination was followed.  

The strains showing the greatest values of �-

fructofuranosidase activity were cultivated in 250 ml conical 

flasks, each one containing 50 ml of fermentation medium. 

Flasks were inoculated with 0.5 ml of a spore suspension 

containing around 107 spores ml-1 and incubated in a rotary 

shaker at 30ºC and 200 rpm for 72 h. Mycelia were separated 

from culture media by vacuum filtration using a 48 µm filter 

and washed four times with distilled water. Mycelium and 

extracellular fructosyltransferase activities were measured as 

indicated below. 

 

Analytical methods 

Cell mass concentration  

Cell mass concentration was determined as mycelium dry 

weight per volume (g l-1). The samples of fermentation broth 

were filtered, and the mycelia obtained were washed with 

distilled water and dried at 105ºC for 4 hours. 

 

Enzyme activities  

The mycelium and extracellular fructosyltransferase 

activities were determined from the amount of FOS produced 

under the following assay conditions: 0.02 g of wet cells or 0.1 

ml of suitably diluted supernatant were mixed with 3.7 ml of 

64% (w/v) sucrose solution and 1.2 ml of tris-acetate buffer 

0.2M pH 5.5. The reaction was carried out at 50ºC, 100 rpm for 

60 min and stopped by boiling for 10 min. Products of the 

reaction mixture were analyzed by high performance liquid 

chromatography (HPLC). To measure the �-fructofuranosidase 

activity, a 7 mm diameter disc from the colony was used as the 

enzyme source, the assay conditions were the same as indicated 

above. The reducing sugars released in the reaction mixture 

were measured by a dinitrosalicylic acid method (18) and 

expressed as glucose. 

One unit of �-fructofuranosidase activity was defined as 

the amount of enzyme required to release 1 µmole of glucose 

per minute from sucrose under the above assay conditions. One 

unit of fructosyltransferase activity was defined as the amount 

of enzyme that produces 1 µmole of FOS (1-kestose plus 

nystose) per minute, under the above assay conditions. 

 

Sugars concentrations 

Sugars were analyzed by HPLC using an Aminex HPX-

87C (300 x 7.8 mm, Bio-Rad Laboratories) column and a 

Waters system composed by a 510 pump, a refraction index 

differential detector and a data processor with register. The 

column temperature was maintained at 85ºC. Milli-Q water 

was used as a mobile phase at 0.6 ml min-1 flow rate. 

 

RESULTS 

 

Effects of sodium deoxycholate and sodium dodecyl sulfate 

on growth 

Aspergillus oryzae IPT-301 shows a fast growth in solid 

medium, thus to use a hyphal growth restrictor during the plate 

assays was necessary. The effect of sodium deoxycholate at 

different concentrations (0.01 - 0.10% w/v) on colony size was 

studied. Values of colony diameter after cultivation for 3, 4 and 

5 days in Petri dish are shown in Table 1. The results indicate 

that an increase of SD concentration caused a significative 

decrease of colony diameter. At 0.05% concentration, diameter 

reduction of 57% was obtained. This SD concentration was 

appropriate to obtain isolated single colonies with diameter 

average of 8.3 mm at 3 days and it was used in further 

mutagenesis experiments. Figure 1 exhibits the growth of this 
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fungus on solid assay medium containing SD at 0.05% 

concentration (plate b). It can be seen that SD restricted the 

spread of mycelia on agar medium compared with the control 

without SD (plate a), so that over 30 colonies can be examined 

on a single plate. 

 
 

Table 1. Effect of sodium deoxycholate concentration on the colony size of Aspergillus oryzae IPT-301 

Colony diameter    (mm) SD 
(% w/v) 3 days 4 days 5 days 

0.00 19.1 ± 0.8 33.4 ± 1.4 44.0 ± 2.8 

0.01 16.3 ± 0.6 25.7 ± 1.0 35.8 ± 2.1 

0.02 13.3 ± 0.7 20.2 ± 0.7 28.9 ± 0.9 

0.03 11.1 ± 0.4 17.0 ± 0.5 24.7 ± 0.8 

0.04 9.4 ± 0.4 15.1 ± 0.5 21.6 ± 0.4 

0.05 8.3 ± 0.3 13.0 ± 0.4 18.8 ± 0.8 

0.06 7.3 ± 0.2 11.1 ± 0.4 16.2 ± 0.5 

0.07 6.7 ± 0.2 10.3 ± 0.5 15.6 ± 0.7 

0.08 6.2 ± 0.2 10.1 ± 0.3 15.2 ± 0.3 

0.09 6.1 ± 0.2 10.0 ± 0.3 15.0 ± 0.4 

0.10 5.8 ± 0.2 10.0 ± 0.2 14.9 ± 0.5 

Colony diameter: average of 20 measurements. SD: sodium deoxycholate 
 

 

 

 
 

Figure 1. Colonies of Aspergillus oryzae IPT-301 after cultivation for 3 days on solid assay medium containing sodium 

deoxycholate. a: control; b: 0.05% (w/v) concentration 
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The influence of sodium dodecyl sulfate as hyphal growth 

restrictor on the Aspergillus oryzae IPT-301 was studied in the 

concentration range from 0.001 to 0.015% (w/v). Colony size 

was determined after cultivation for 3, 4 and 5 days on Petri 

dish; results are shown in Table 2. In this range, SDS 

concentration has a significant effect on the colony growth. At 

concentration of 0.012%, colonies with diameter average of 7.6 

mm (60% of diameter reduction) in 3 days were obtained. 

Apart from restricting the spread of mycelia, the SDS 

supplement also affects the spore viability in the range of 

concentrations evaluated. Figure 2 shows that an increase of 

SDS concentration over 0.006% caused a sharp decrease of 

spore survival, to reach mortality values higher than 95% at 

concentration of 0.015%. Consequently, SDS was added to the 

culture medium to establish toxic conditions to the cells, so 

mutants that had become resistant to certain level of SDS were 

screened.  

 
 
Table 2. Effect of sodium dodecyl sulfate concentration on the colony size of Aspergillus oryzae IPT-301 

Colony diameter �(mm) SDS 
(% w/v) 

3 days 4 days 5 days 

0.000 19.1 ± 0.6 33.4 ± 1.4 41.5 ± 1.4 
0.001 16.8 ± 0.4 31.9 ± 1.3 37.7 ± 1.7 
0.002 13.6 ± 0.7 29.9 ± 1.4 35.5 ± 1.1 
0.003 11.4 ± 1.0 27.8 ± 1.6 33.7 ± 1.3 
0.004 10.9 ± 0.7 26.0 ± 1.4 31.6 ± 1.3 
0.005 10.7 ± 1.3 23.9 ± 0.8 30.4 ± 1.4 
0.006 10.5 ± 0.9 22.1 ± 1.1 29.3 ± 2.6 
0.007 10.4 ± 1.7 21.4 ± 1.2 28.7 ± 2.0 
0.008 10.0 ± 0.8 20.7 ± 0.3 27.7 ± 1.4 
0.009 9.7 ± 0.9 19.8 ± 0.3 27.0 ± 1.4 
0.010 9.4 ± 0.7 18.5 ± 1.3 25.2 ± 1.1 
0.012 7.6 ± 0.6 15.6 ± 0.7 21.1 ± 1.0 
0.015 4.1 ± 1.3 10.3 ± 1.2 15.1 ± 1.6 

Colony diameter: average of 20 measurements. SDS: sodium dodecyl sulfate 
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Figure 2. Effect of sodium dodecyl sulfate concentration on surviving of strain Aspergillus oryzae IPT-301 
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Isolation of mutants with increased ββββ-fructofuranosidase 

activity 

Survival of Aspergillus oryzae IPT-301 after treatment 

with UV irradiation at different times is showed in Figure 3. 

Survival was reduced by increasing the exposure time, 

reaching values of spore lethality of 99.99% at 4 min and 

99.37% at 5 min after irradiation spores spread on plates 

containing solid assay medium and spore suspensions, 

respectively. These results indicate the high sensitivity of this 

strain to the ultraviolet light and agree with those for 

Aspergillus oryzae PTCC 5164 which exhibited lethality of 

99.9% at 2 min (3). In the present research, 5 - 6% survival 

caused by UV irradiation during 3.5 and 2.5 min for spore 

suspensions and spores spread on plates, respectively, was 

adopted.  

The mutagenesis and screening procedures of Aspergillus 

oryzae IPT-301 were carried out in tree stages with the 

selection of 317 survivors. All of them were subjected to the 

preliminary assay of β-fructofuranosidase activity using plate 

cultures. Figure 4 shows the distribution of activity values 

relative to the parent strain (AR) obtained from potential 

mutants in each mutagenesis stage. In the first stage, 75 

random survivors characteristic of the best growth on solid 

assay medium were isolated. Although 68.0% of mutants from 

this group exhibited β-fructofuranosidase activity values higher 

than the parent strain, none presented AR values superior to 

130%. In the second stage, 122 strains were selected from 

survivors grown at temperature of 40ºC; only 4 of them (3.3%) 

reached AR values higher than the above indicated level. 

Finally, greater amounts (8.3%) of mutants with AR values 

higher than 130% were screened among the 120 mutants 

resistant to SDS at 0.018% (w/v) concentration. The highest 

increases of β-fructofuranosidase activity (170 – 190%) when 

compared with the parent strain were obtained for two mutants 

resistant to SDS. They were followed for mutants selected at 

40ºC. In this group two strains exhibited the highest AR values 

between 140 - 150%. A similar approach has been used by 

Skowronek & Fiedurek (26) for isolating inulinase-producing 

mutants of Aspergillus niger resistant at high temperature.    
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Figure 3. Survival after UV radiation treatment of Aspergillus 

oryzae IPT-301: (�) spores inoculated on solid assay medium 

and (�) spore suspensions  
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Figure 4. Distribution of β-fructofuranosidase 

activity values obtained from the potential 

mutants of Aspergillus oryzae IPT-301 parent 

strain. Survivors:    at random;   at 40ºC       

and    at 0.018% (w/v) sodium dodecyl sulfate 
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Mycelium and extracellular fructosyltransferase activities 

of mutants 

Among the 317 evaluated strains in the preliminary 

screening, seven of them with β-fructofuranosidase activity 

values relative to the parent culture between 140 - 190% were 

selected.  These mutants designated as IPT-744, IPT-745, IPT-

746, IPT-747, IPT-748, IPT-749 and IPT-754 were cultivated 

in 250 ml flask on a rotary shaker to characterize enzyme 

activity with more precision. 

Cell growth, sucrose and FOS concentrations in the culture 

broth after 72 h of cultivation at 30ºC are shown in Table 3. 

The mutants IPT-745, IPT-746 and IPT-748 presented values 

of cell mass higher than those obtained by the Aspergillus 

oryzae IPT-301 parent strain. These results also indicate that 

the two mutants selected at 40ºC (IPT-746 and IPT-748) had 

better growth than the ones resistant to 0.018% (w/v) SDS. 

Sucrose, at initial medium concentration of 150 g l-1 was 

almost completely used up within 72 h by each mutant. The β-

fructofuranosidase enzyme synthesized by these strains can 

react with sucrose and produce FOS, glucose and fructose. 

Values of FOS concentration calculated by the sum of kestose 

and nystose were low in fermentation broth due to the fact that 

reaction conditions are not close to the ones reported as optima 

for the β-fructofuranosidase and sucrose was mainly used by 

the microbial cells for growth and maintenance (8,14).  

Mycelium and extracellular fructosyltransferase activities 

from mutants and A. oryzae IPT-301 parent strain after 72 h of 

fermentation are presented in Table 4. Five mutants present 

values of mycelium specific activity higher than those obtained 

by the parent strain following the order IPT-746 > IPT-749 > 

IPT-745 > IPT-748 > IPT-744. Although IPT-749 mutant 

showed high specific activity (872.3 U per g of dry cell), a low 

amount of mycelium activity per ml of culture broth was 

achieved due to the very poor cell growth of this mutant (4.1 g 

l-1). Among the five mutants related above, three of them IPT-

745, IPT-746 and IPT-748 can be selected because of the 

amounts of mycelium activity produced (6.3 - 7.6 U ml-1). 

They were about 1.5 - 1.8 times higher than those obtained by 

the parent strain. It was found that more than 55% of total 

enzyme activity (mycelium- plus extracellular- activity) from 

these strains was detected in the mycelium fraction. Significant 

differences can be observed when these results are compared 

with those obtained for parent strain IPT-301 which showed 

around 33% of the indicated percentage. Mutants with 

intracellular activity enhanced are very useful for 

immobilization of the whole cells. On the other hand, IPT-747 

strain was the only mutant that exceeded (1.5 times) the 

amount of extracellular enzyme exhibited by the parent strain, 

which yielded 12.9 Uml-1. This mutant also showed the highest 

value of total fructosyltransferase activity (16.9 Uml-1). 

 

Table 3. Cell growth, sucrose and FOS concentrations in the culture broth from mutants and Aspergillus oryzae IPT-301 

parent strain 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

SDS: sodium dodecyl sulfate. FOS: 1-kestose plus nystose. Values represent the means of 18 and 6 cultures at 30ºC during 
72 h for parent strain and each mutant, respectively.  

Strain Screening procedure Dry weight 
(g l-1) 

FOS 
(g l-1) 

Sucrose 
(g l-1) 

IPT-301 - 7.9 ± 0.4 13.0 ± 1.0 2.1 ± 0.8 

IPT-744 SDS 0.018% (w/v) 7.7 ± 0.7 4.8 ± 1.0 1.2 ± 0.3 

IPT-745 SDS 0.018% (w/v) 8.0 ± 0.6 4.3 ± 0.6 0.9 ± 0.4 

IPT-746 Temperature 40oC 8.6 ± 0.1 10.4 ± 0.9 3.3 ± 0.2 

IPT-747 SDS 0.018% (w/v) 7.4 ± 0.2 11.2 ± 0.6 1.7 ± 0.2 

IPT-748 Temperature 40oC 9.0 ± 0.2 11.6 ± 1.8 3.9 ± 0.9 

IPT-749 SDS 0.018% (w/v) 4.1 ± 0.9 3.5 ± 0.5 0.6 ± 0.2 

IPT-754 SDS 0.018% (w/v) 5.9 ± 0.6 2.8 ± 0.6 0.7 ± 0.2 
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Table 4. Mycelium and extracellular fructosyltransferase activities from mutants and Aspergillus oryzae IPT-301 parent strain 

Mycelium activity   Extracellular activity  
Strains 

Specific AT  (U g-1) AT (U ml-1) Relative AT (%)  AT (U ml-1) Relative AT (%) 

IPT-301 545.2 ± 17.1 4.3 100.0  8.6 ± 1.3 100.0 

IPT-744 611.3 ± 22.9 4.7 110.4  4.8 ± 0.8 56.0 

IPT-745 780.7 ± 25.2 6.3 146.0  4.3 ± 1.2 50.2 

IPT-746 878.9 ± 36.3 7.6 176.8  6.1 ± 0.6 70.9 

IPT-747 537.0 ± 24.2 4.0 92.8  12.9 ± 1.3 150.2 

IPT-748 722.0 ± 37.5 6.5 152.5  2.7 ± 0.5 31.3 

IPT-749 872.3 ± 26.5 3.6 84.2  5.6 ± 1.2 65.8 

IPT-754 569.4 ± 14.5 3.3 78.2  4.0 ± 0.9 46.6 

AT: fructosyltransferase activity. Values represent the means of 18 and 6 cultures at 30ºC during 72 h for parent strain and each mutant, 
respectively 
 

 

DISCUSSION 

 

The results presented above show that it is possible to 

increase the yield of β-fructofuranosidase enzyme from 

Aspergillus oryzae IPT-301 using UV mutagenesis techniques 

followed by selection of survivors resistant to the particular 

stress conditions assayed. 

A supplement of sodium deoxycholate restricted the 

spread of Aspergillus oryzae IPT-301 mycelia on solid assay 

medium. Concentration of 0.05% (w/v) was suitable to obtain 

optimal colony size and to observe the morphological 

characteristics of more than 30 survivors in each dish. SD 

sensitivity varies from fungus specie to another. In experiments 

made with Rhizopus sp. at concentration lower than 0.1% no 

significant colony size reductions were obtained (4). 

Researches with a Penicillium funiculosum strain showed 61% 

reduction of the colony diameter at 0.075% concentration (11). 

On the other hand, SD at 0.02% has been sufficient for 

reduction of colonies of some species of Aspergillus (9,26).  

The preliminary evaluation of hyper-producing mutants 

using a portion from the colony grown in Petri dish as the 

enzyme source gave reliable indication of elevated �-

fructofuranosidase activities. Moreover, another advantage of 

this procedure is that the number of required long-time �-

fructofuranosidase assays using shaker flask cultures was 

reduced.   

The most active mutant (IPT-746) selected from strains 

resistant at temperature of 40ºC, showed an increase in 

mycelium fructosyltransferase activity around 1.8 fold in 

relation to the parent strain. This result can be compared with 

the one reported for inulinase production by Aspergillus niger 

13/36. A mutant from this fungus also resistant at temperature 

of 40ºC reached inulinase activity about 1.6 fold bigger than 

the parent strain (26). On the other hand, the most active 

mutant (IPT-747) selected from strains resistant at 0.018% 

sodium dodecyl sulfate concentration showed extracellular 

fructosyltransferase activity 1.5 times higher than those 

obtained by the parent strain. Resistance to several metabolic 

inhibitors has been tested to isolated biochemical mutants with 

enhanced enzyme production. Aspergillus niger mutant with 

increases of the extra and intracellular catalase activities 

around 2.0 and 2.6% respectively, was isolated from medium 

containing antimycin A (9). Also, the resistance to 2-deoxy-D-

glucose, a toxic glucose analogue, has been used as a criterion 
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to select mutants showing increased yield of �-

fructofuranosidase (21), α-amylase (3,22), glucose-6-

phosphate dehydrogenase (16), catalase and glucose oxidase 

(9). 
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