
Introduction

Approximately 1.5 million species of fungi are
believed to exist on Earth and about 600 of them are
human pathogens [1–3]. They are present in all parts
of the biosphere, and so readily induce infections,
especially among patients who are immuno -
compromised or those who have factors which
promote a fungal infections (such as exposure to
broad-spectrum antibacterial agents, corticosteroids
or prolonged use of catheters). Serious invasive
fungal infections (IFI) can be caused by, among
others, Candida spp., Cryptococcus spp., Asper -

gillus spp., Trichosporon spp. and Rhodotorula spp.
The incidence of invasive mycoses is still
increasing and many are life-threatening [4]. 

In order to colonize, infect and evade host
defense mechanisms, fungi possesses such

virulence factors as adapted cell morphology,
adhesion factors, phenotypic switching, biofilm
formation and enzymatic activity. One particularly
effective factor is the production of extracellular
hydrolytic enzymes, which facilitate the destruction
of the cellular membranes and thus allow the fungal
cells to penetrate host tissue. The high activity and
large number of different hydrolases may be
responsible for the high incidence of infections seen
in humans [5–7].  

Children are particularly at risk of developing
fungal infection and are often exposed to fungi,
often when playing in contaminated soil, sandpits or
playgrounds. In one study performed from 2010 to
2012 in Lodz alone, 66 genera and 112 species of
potentially pathogenic fungi were isolated from 44
sites based around the sandboxes and soil of
recreation areas [8]. 
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The aim of present study was to determine the
enzymatic activity of the yeasts and yeast-like fungi
isolated with high prevalence from these recreation
areas, one of their pathogenecity factors and
compare the results with literature data concerning
the characteristics of strains obtained from patients
with mycoses.

Materials and Methods

Ninety-six strains obtained with high prevalence
from recreation places were classified into 7
species: Cryptococcus neoformans, C. albidus,
C. laurentii, Candida lusitaniae, C. guilliermondii,
Trichosporon cutaneum and Rhodotorula glutinis

were used. The isolation and identification of the
strains were carried out as described previously  [8].

Enzymatic activity was assessed using API
ZYM test (bioMerieux, France), which is a
semiquantitative micromethod for evaluating
following enzymes: alkaline phosphatase (e1),
esterase – C4 (e2), esterase lipase – C8 (e3), lipase –
C14 (e4), leucine arylamidase (e5), valine
arylamidase (e6), cystine arylamidase (e7), trypsin
(e8), α-chymotrypsin (e9),  acid phosphatase (e10),
naphthol–AS-BI-phosphohydrolase (e11), α-galac -
to  sidase (e12), β-galactosidase (e13), β-glucuro -

nidase (e14), α-glucosidase (e15), β-glucosidase
(e16), N-acetylo-β-glucosyloaminidase (e17), α-ma -
nno sidase (e18), α-fucosidase (e19). The procedure
was conducted according to the manufacturer’s
instructions. Visible changes in the color of the
medium were considered positive. The intensity of
the color reflected the concentration of the degraded
substrate produce by the enzyme and enzyme
activity was expressed in nmol of hydrolyzed
substrate according to the scale provided in the kit:
1 corresponded to 5 nmol, 2 to 10, 3  to 20, 4 to 30
i  5 to 40 and above. All tests were repeated 3 times
for each strain. 

Strain biotyping was conducted according to
Kurnatowska [9], as presented in Table 1.

Results

All strains from 6 out of 7 the examined species
produced acid phosphatase (e10); slightly fewer (6)
were found to produce alkaline phosphatase (e1),
esterase – C4 (e2) and five of them naphthol-AS-BI-
phosphohydrolase (e11). The strains of 3 species
produced esterase lipase – C8 (e3), and α-galac -
tosidase (e12), two species produced leucine
arylamidase (e5) and β-galactosidase (e13) and one
of them – N-acetylo-β-glucosyloaminidase (e17).
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Table 1. Biotypes of fungi strains based on enzymatic activity [9]

Group Biotype
Valine arylamidase

(e6)

Naphthol-AS-BI-
phosphohydrolase

(e11)
α-glucosidase (e15)

N-acetylo-β-
glucosyloaminidase

(e17)

A A + + + +

B B1 – + + +

B2 + – + +

B3 + + – +

B4 + + + –

C C1 – – + +

C2 – + – +

C3 – + + –

C4 + – – +

C5 + – + –

C6 + + – –

D D1 – – – +

D2 – – + –

D3 – + – –

D4 + – – –

E E – – – –



Four of the seven examined strains did not produce
any α-chymo trypsin (e9), while two did not produce
trypsin (e8), and only single strains did not produce
cystine arylamidase (e7), α-glucosidase (e15), α-
mannosidase (e18) or α-fucosidase (e19). Detailed
data regarding the activities of particular enzymes
based on fungal strain, according to the API ZYM
test are presented in Figs 1–3.

The test results indicate that the isolated fungal
species produced from 16 to 19 hydrolases. The

most active were leucine arylamidase (e5) and acid
phosphatase (e10), produced by 5 species; alkaline
phosphatase (e1) and naphthol-AS-BI-phospho hy -
dro  lase (e11) by 2 species; and esterase – C4 (e2), β-
galactosidase (e13) and β-glucosidase (e16) by one
species. 

Thirteen biotypes characteristic of particular
species of fungi were defined based on their ability
to release certain hydrolytic enzymes. Most strains
could be categorized as biotypes C2 – 39.5% and A

 

 

Fig. 1. The percentage of Candida guilliermondii (n=10) and Candida lusitaniae (n=6) strains showing activity of particular enzymes (in nmol 

divide substrate) in API ZYM test (bioMérieux) 
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Fig. 1. The percentage of Candida guilliermondii (n=10) and Candida lusitaniae (n=6) strains showing activity of
particular enzymes (in nmol divide substrate) in API ZYM test (bioMérieux)

 

 

Fig. 2. The percentage of Cryptococcus albidus (n=9),  Cryptococcus laurentii (n=10) and Cryptococcus neoformans (n=22) strains showing activity of 

particular enzymes (in nmol divide substrate) in API ZYM test (bioMérieux)  
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Fig. 2. The percentage of Cryptococcus albidus (n=9), Cryptococcus laurentii (n=10) and Cryptococcus neoformans

(n=22) strains showing activity of particular enzymes (in nmol divide substrate) in API ZYM test (bioMérieux) 
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– 26%. The greatest variety was demonstrated for
Cryptococcus neoformans (7 different biotypes),
Candida guilliermondii (6 different biotypes),
Cryptococcus laurentii and Trichosporon cutaneum

(each with 5 different biotypes),  Candida lusitaniae

(4 different biotypes) and Cryptococcus albidus (3
different biotypes). All strains of Rhodotorula rubra

were classified as C6 biotype. Datailed results are
presented in Table 2.

Discussion

Most of the assessed hydrolytic enzymes
(14–19) were produced by the strains examined in
this study. It is difficult to compare our present
findings with literature data, because most of the
studies are based on C. albicans and other species of
Candida. Nevertheless, in most cases, the highest
activity was shown by leucine arylamidase (e5), acid
phosphatase (e10) and naphthol-AS-BI-phospho -

204 P. Kurnatowski et al.

Table 2. The percentage of particular species classified to different biotypes

Species Biotype

A B1 B2 B3 B4 C2 C3 C4 C5 C6 D1 D2 D3

Cryptococcus

neoformans
36.4 4.54 13.6 4.54 31.8 4.54 4.54

C.albidus 44.4 11.2 44.4

C.terreus 25.0 50.0 25.0

C.laurentii 20.0 40.0 20.0 10.0 10.0

Candida

lusitaniae
14.3 28.6 42.9 14.3

C.guilliermondii 10.0 20.0 10.0 30.0 20.0 10.0

Geotrichum sp. 50.0 50.0

Trichosporon

cutaneum
14.3 57.1 22.9 2.85 2.85

 

 

Fig. 3. The percentage of Rhodotorula glutinis (n=8) and Trichosporon cutaneum (n=31) strains showing activity of particular enzymes (in nmol 

divide substrate) in API ZYM test (bioMérieux) 
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Fig. 3. The percentage of Rhodotorula glutinis (n=8) and Trichosporon cutaneum (n=31) strains showing activity of
particular enzymes (in nmol divide substrate) in API ZYM test (bioMérieux)
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Table 3. Literature data concerning enzymatic activity of fungi and their biotypes

Enzymes The most
common

biotype*

Genus/species 
Download site

Author
the highest activity inactive

1 1,10,11 8,9,19
Candida sp. 
Oral cavity

Majewska et al. [23]

2 1,5,10,11 9,14,19
Candida albicans 

Oral cavity
Drozdowska [10]

3 2,5,10 8,9
Candida albicans 

Oral cavity
Anees et al. [26]

4 1,2,5,10,13 12,16
Candida krusei 

Oral cavity

5 5,10,11 8,9,13,14,19
A (49.2%) 
B4 (42.9%)

Candida albicans 

Oral cavity
Pytko-Polonczyk et al. [18]

6 5,10,11 9,18

D3 (22.5%) 

C6 (17.5%) 

A (15%)

Candida sp.
Oral cavity

Moqbil and Kurnatowski
[15]

7 2,3,5,7 14,19
A (48,9%) 
B4 (42%)

Candida albicans 

Oral cavity
Lukaszuk et al. [32]

8 2,3,5 19
A (44%) 
B4 (26.3%)

Candida albicans 

Oral cavity
Batura-Gabryel and
Mlynarczyk [20]

9 2,3,5,10 8,9,14,18,19
Non-C. albicans 

Oral cavity

10 2,3,5,6,16 8,9,19
Candida sp. 
Different biological materials

Batura-Gabryel et al. [21]

11 5,10 1,4,6-9,11-19
Candida albicans 

Different biological materials
Mamos and Kurnatowska
[24]

12

C6 (36.4%)

B3 (24.2%)

C1 (24.2%)

Candida albicans 

sputum
Brajer and Batura-Gabryel
[31]

13 5,10,11 4,8,12-14,18,19

A (18%) 
C3 (16%)

C6 (22%)

D3 (18%)

Candida albicans 

Voice prosthesis
Nowak [16]

14 5,10,11 4,7-9,12-19
D3 (91%)

C6 (9%)
Candida glabrata 

Voice prosthesis

15 5,17 12,13,16,19

A (59%) 
D1 (10.6%)

D3 (9.1%)

Candida sp.
Urethra

Krajewska-Kułak et al. [11]  

16 2,3,5,10,11, 17 8,12,13,19 

B4 (35%) 

A (30%) 
C6 (20%) 

Candida sp.
Vagina   

17 1,5,10,17 4,8,9,12-16,18, 19  
Candida sp.

Vagina
Ogrodziński and
Kurnatowska [25]

18 5,10 4,8,9,12,14,18, 19 

A (52.2%)
B4 (30.4%)

B3 (17.5%) 

Candida albicans 

Different biological materials 
Dąbkowska [22]  

19 5,10 4,7-9,12-16, 18,19  
Candida sp.
Oral cavity 

Kurnatowski and
Tyczkowska-Sieron [13] 



hydrolase (e11), also noted previously by Droz dow -
ska [10], Krajewska-Kulak et al. [11], Kurnatowski
et al. [12–14], Moqbil and Kurnatowski [15],
Nowak [16], Plomer-Niezgoda et al. [17], Pytko-
Polonczyk et al. [18], Skora et al. [19] and
Weglowska et al. [6]. 

C. guilliermondii strains did not produce cystine
arylamidase (e7), trypsin (e8) or α-chymotrypsin
(e9), while C. lusitaniae produced only α-chymo -
trypsin (e9). Previous studies indicated that the
following enzymes are not produced by most
Candida strains: trypsin (e8), α-chymotrypsin (e9),
as in our study, and α-galactosidase (e12), β-gala -
ctosidase (e13), β-glucuronidase (e14), α-manno -
sidase (e18) and α-fucosidase (e19) [6,12–14,
16–25]. Interestingly, α-chymotrypsin (e9) was not
found in the present study. Anees  [26] reports that
C. albi cans, one of the most common human
pathogenic fungi, is able to produce all the
hydrolases estimated by the API ZYM test. The
literature values of fungal enzyme production are
included in Table 3.

In present  study the Rhodotorula strains were
characterized by the activity of 14 enzymes with the
highest production being of leucine arylamidase
(e5), acid phosphatase (e10) and β-glucosidase (e16).
It should be noticed that lipase – C14 (e4), α-chymo -
trypsin (e9), α-glucosidase (e15), α-mannosidase
(e18) and α-fucosidase (e19) were not secreted. Of
the enzymes secreted by strains examined by Skora
[19], the highest production was found for leucine
arylamidase (e5), acid phosphatase (e10) and
naphthol-AS-BI-phospho hydro lase (e11); however
nine enzymes were not produced: lipase – C14 (e4),
trypsin (e8), α-chymo trypsin (e9), α-galactosidase
(e12), β-galactosidase (e13), β-glucuronidase (e14),
N-acetylo-β-glucosyloaminidase (e17), α-manno -
sidase (e18), α-fucosidase (e19). Detailed results are
in Table 3. 

In the present study Cryptococcus strains were
able to produce all the examined hydrolases: the
highest concentrations were noticed for leucine
arylamidase (e5) and acid phosphatase (e10).
According the literature data the most strains of the
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Enzymes The most
common

biotype*

Genus/species 
Download site

Author
the highest activity inactive

20 1,2,5,10,11 8-9,13,14,16,19 

D3 (40.4%)

C6 (10.6%)

B3 (8.51%) 

Candida albicans 

Oral cavity 
Kurnatowskiet al. [14]

21 N.E. 12-14,18,19

C6 (30.4%)

B4 (22.3%)

A (16.1%)

Candida sp. 
Digestive tract

Kurnatowski et al. [12]

22 2,3,5,10,11, 17 4,8,9,12-14,18,19

B3 (35.3%)

B1 (17.6%)

D3 (11.8%)

Candida sp.

Different biological materials
Plomer-Niezgoda et al. [17]

23 2,5,10,11 8,14,19
Nails 
Immunosupression

Weglowska et al. [6]

24 2,5,10 4,7-9,12,14,18, 19
Nails 
Immunocompetence

25 5,10,11 4,8,9,12-14
Candida sp. 

skin
Skóra et al. [19]

26 5,10,11
4,8,9, 12-14, 17-
19

Rhodotorula sp. 
skin

27 10,11,16 1,7-9,12,14,18, 19
Cryptococcus 

Different biological materials
Leone et al. [28]

28 1,3,5,10,11 4,8,9,13,14,18
Cryptococcus 

Different biological materials
Garcia-Martos et al. [27]

29 2,3,10,14,15 8,9,12,13,19
Cryptococcus 

Different biological materials
Vidotto et al. [29]

N.E. – not estimated



genus Cryptococcus are characterized by the
following enzymes: esterase C4 (e2), esterase lipase
C8 (e3), leucine arylamidase (e5),  acid phosphatase
(e10), naphthol-AS-BI-phosphohydrolase (e11).
However, they do not produce alkaline phosphatase
(e1), cystine arylamidase (e7), trypsyne (e8), α-chy -
motrypsyne (e9), α-galactosidase (e12), β-galac -
tosidase (e13), β-glucuronidase (e14), α-manno -
sidase (e18) and α-fucosidase (e19) [27–30]. 

Interestingly, Vidotto et al. [29] report that  only
9 enzymes were produced by Cryptococcus neo -

formans strains: alkaline phosphatase (e1), esterase
– C4 (e2), esterase lipase – C8 (e3), leucine aryla -
midase (e5), acid phosphatase (e10), naphthol-AS-
BI-phosphohydrolase (e11), β-glucuronidase (e14),
α-glucosidase (e15), β-glucosidase (e16). The most
active were: acid phosphatase (e10), naphthol-AS-
BI-phosphohydrolase (e11) and β-glucosidase (e16).
In later studies [30] they compare the enzymatic
activities of Cryptococcus neoformans in different
countries. Chymotrypsin (e9) and α-fuco sidase (e19)
were not detected in any case. The number of
extracellular enzymes differ from 9 to 15,
depending on the country. The most active were
found to be: esterase (e2), esterase lipase (e3),
leucine arylamidase (e5) and phosphatase acid (e10)
in the majority of the strains from different countries
(95–100%). Detailed data is given in Table 3. 

Thirteen different biotypes were found; the most
common being A (0–44.4%), B1 (0–20.0%), C2
(0–57.1%) and D3 0–14.3%) based on the 4
enzymes: valine arylamidase (e6), naphthol-AS-BI-
phosphohydrolase (e11), α-glucosidase (e15) and N-
acetylo-β-glucosyloaminidase (e17). The literature
data given in Table 3 suggests that fungi isolated
from patients are characterized mainly as biotypes A
(0–59.0%), B3 (0–35.3%), B4 (0–42.9%), C1
(0–24.2%), C6 (0–36.4%) and D3 (0–91.0%)
[11–18, 20–22, 31, 32]

Conclusions

Examined fungal strains isolated from
recreational areas have selected biochemical
characteristics namely hydrolases productions,
which demonstrate their pathogenicity.

They produce a number of enzymes which are
also present in strains isolated from patients with
mycoses including: leucine arylamidase (e5), acid
phosphatase (e10), naphthol-AS-BI-phosphohydro -
lase (e11) and alkaline phosphatase (e1). 

The biotypes identified in the course of this

study (A, B3, B4, C1, C6 and D3) have been also
reported in cases of fungal infection. 

Fungi present in the sand and soil of recreational
areas have pathogenic properties and are possible
factors of fungal infection among children.

Acknowledgements

Study was supported by Ministry of Science and
High Education of Poland: N N304 006539.

Presented study comply with the current laws of
Poland. There are no conflicts of interest.

References

[1] Mora C., Tittensor D.P., Api S., Simpson A.G.B.,
Worm B. 2011. How many species are there on Earth
and in the ocean? PLoS Biol. 9: e1001127. 

[2] Brown G.D., Denning D.W., Levitz S.M.
2012.Tackling human fungal infections. Science 336:
647. 

[3] Garcia-Solache M.A., Casadevall A. 2010.
Hypothesis: global warming will bring new fungal
diseases for mammals. mBio 1(1):e00061-10.
doi:10.1128/mBio.00061-10. 

[4] Pfaller M.A., Diekema D.J. 2010. Epidemiology of
invasive mycoses in North America. Critical Reviews

in Microbiology 36: 1-53. 
[5] Mayer F.L., Wilson D., Hube B. 2013. Candida

albicans pathogenicity mechanisms. Virulence 4:
119-128. 

[6] Weglowska J., Reich A., Walow B., Szepietowski J.C.
2006. Enhanced enzymatic activity of yeast-like fungi
responsible for onychomycosis in renal transplant
recipients. International Journal of Biomedical

Science 2: 29-33.
[7] Mohan Das V., Ballal M. 2008. Proteinase and

phospholipase activity as virulence factors in
Candida species isolated from blood. Revista

Iberoamericana de Micologia 25: 208-210. 
[8] Wojcik A., Kurnatowski P., Błaszkowska J. 2013.

Potentially pathogenic yeasts from soil of children’s
recreational areas in the city of Lodz (Poland).
International Journal of Occupational Medicine and

Environmental Health 26: 477-87. 
[9] Kurnatowska A. 2006. Differentiation of selected

intraspecific fungal features and examples of strains
biotyping, In: Medical mycology. (Eds.: A.
Kurnatowska, P. Kurnatowski). Promedi, Łódź,
Poland: 203-212.

[10] Drozdowska A. 2006. Cechy morfologiczne i
biochemiczne grzybów wyodrębnionych od
pacjentów z niewydolnością nerek. Ph.D. Thesis.
Medical University of Lodz, Poland. 

[11] Krajewska-Kulak E., Łukaszuk C., Niczyporuk W.,
Bartoszewicz M., Roszkowska I., Szczurzewski M.,

The hydrolytic enzymes 207



Trybuła J. 2001. Enzymatic biotypes of yeast-like
fungi strains isolated from different ontocenosis.
Mikologia Lekarska 8: 13-17. 

[12] Kurnatowski M., Wasowska-Krolikowska K.,
Toporowska-Kowalska E., Kurnatowska A. 2001.
Biochemical properties of fungi isolated from
ontocenoses of the gastrointestinal tract. Wiadomości

Parazytologiczne 47: 915-921. 
[13] Kurnatowski P., Tyczkowska-Sieron E. 2006.

Analysis of selected phenotypic features of Candida

strains isolated from patients with predisposing
factors of fungal infection. Mikologia Lekarska 13:
9-14.

[14] Kurnatowski P., Nowicki M., Kurnatowska I.,
Drozdowska A. 2007.Characteristics of phenotypic
species and intraspecies features of fungal strains
isolated from patients with renal failure undergoing
chronic haemodialysis. Mikologia Lekarska 14: 23-
29.

[15] Moqbil S., Kurnatowski P. 2012. Secretion of
hydrolytic enzymes by fungal strains, isolated from
patients with malignant tumors of head and neck,
before, during and after radiotherapy. Annals of

Parasitology 58: 27-35. 
[16] Nowak M. 2010. Kontaminacja protez głosowych

grzybami potencjalnie chorobotwórczymi. Ph.D.
Thesis. Medical University of Lodz, Poland. 

[17] Plomer-Niezgoda E., Hryncewicz-Gwozdz A., Maj
J., Baran E., Walow B. 2004. The estimation of the
activity of hydrolytic egzoenzymes and of
susceptibility of the yeast-like fungi to antifungal
agents isolated from patients with CTCL and bullous
diseases treated with immunosuppresive therapeutics.
Mikologia Lekarska 11: 35-41. 

[18] Pytko-Polonczyk J., Krzysciak P., Macura A.B.
2008. Occurrence biotypes of Candida albicans in the
oral cavity of patients with nasopharyngeal cancer
treated by radiotherapy. Mikologia Lekarska 15: 197-
200. 

[19] Skora M., Krzysciak P., Macura A.B. 2010.
Enzymatic activity of yeasts isolated from human
skin. Mikologia Lekarska 17: 201-206.

[20] Batura-Gabryel H., Młynarczyk W. 2000.
Hydrolytic activity of Candida strains and oral
candidosis in lung cancer and COPD patients.
Mikologia Lekarska 7: 77-82. 

[21] Batura-Gabryel H., Brajer B., Kuznar-Kaminska B.
2003. Enzymatic biotypes of Candida albicans

strains isolated from COPD patients. Mikologia

Lekarska 10: 243-248. 
[22] Dabkowska M. 2007. Enzymatic activity of Candida

albicans strains isolated from clinical specimens

kidney recipient. Mikologia Lekarska 14: 73-74. 
[23] Majewska A., Sozanska Z., Plomer-Niezgoda E.,

Baran E., Hryniewicz-Gwozdz A., Czapczynska-
Waszkiewicz A., Walow B. 2006. Hydrolytic activity
of yeast-like in caries resistant and susceptibility
patients. Mikologia Lekarska 13: 199-205. 

[24] Mamos A.R., Kurnatowska A. 2005. Multifocal
mycoses in woman: prevalence, species
characteristics, and some intraspecies features.
Wiadomości Parazytologiczne 50: 373-379.

[25] Ogrodzinski M., Kurnatowska A. 2007. Prevalence
and phenotypic features of fungi isolated from female
sexual organs In screening and clinical studies of the
Pomorski-Drawski region. Mikologia Lekarska 14:
190-194. 

[26] Anees M.M., Reich A., Hirschberg L., Watorek E.,
EL-Shinnawi U.M., Ibrahiem T.M.,  EL-Shaarawy S.,
Szepietowski J.C. 2011. Enhanced enzymatic activity
of Candida species responsible for oral canidiasis in
renal transplant recipients. Mycoses 54: 337-344.

[27] Garcia-Martos P., Martin P., Hernandez-Molina
J.M., Garcia-Agudo L., Aoufi S., Mira J. 2000.
Extracellular enzymatic activity in 11 Cryptococcus

species. Mycopathologia 150:1-4. 
[28] Leone R., Buonomo S., Nakamura K., Aoki S.,

Vidotto V. 1998. Enzymatic profile of Cryptococccus

neoformans strains by using the API-ZYM system.
Revista Iberoamericana de Micologia 15: 36-40.

[29] Vidotto V., Melhem M., Pukinskas S., Aoki S.,
Carrara C., Pugliese A. 2005. Extracellular enzymatic
activity and serotype of Cryptococcus neoformans

strains isolated from AIDS patients in Brazil. Revista

Iberoamericana de Micologia 22: 29-33. 
[30] Vidotto V., Ito-Kuwa S., Nakamura K., Aoki S.,

Melhem M., Fukushima K., Bollo E. 2006.
Extracellular enzymatic activities in Cryptococcus

neoformans strains isolated from AIDS patients in
different countries. Revista Iberoamericana de

Micologia 23: 216-220.
[31] Brajer B., Batura-Gabryel H. 2007.Enzymatic

biotypes of Candida albicans strains isolated from
sputum of lung cancer patients. Mikologia Lekarska

14: 129-132. 
[32] Lukaszuk C., Krajewska-Kulak E., Niczyporuk W.,

Theodosopoulou E., Hatzopulu A., Krawczuk-Rybak
M., Wojtkiewicz M. 2005. Variations of enzymatic
activity and biotypes of the yeast like fungi strains
isolated from cancer patients. Annales Academiae

Medicae Bialostocensis 50 (supl.1): 16-19.

Received 21 June 2016

Accepted 23 August 2016

208 P. Kurnatowski et al.




