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A B S T R A C T

Extracellular DNase activity was studied in 73 strains of Cryptococcus neoformans and 12 strains of
Cryptococcus gattii. DNase activity was measured by DNase agar clearance with and without Methyl Green.
All strains tested showed extracellular DNase activity and no significant difference was found between
C. neoformans and C. gattii strains. DNase production was higher in strains from clinical origin (average
radius of 6.2 mm) than among environmental strains (average radius of 2.9 mm). The extracellular enzyme
may be detected by DNA substrate PAGE assays and its molecular weight was estimated at 31 kD. These
results suggest that extracellular DNase could be considered as a virulence factor involved in C.
neoformans–C. gattii species complex pathogenicity.

& 2009 Revista Iberoamericana de Micologı́a. Published by Elsevier España, S.L. All rights reserved.
Actividad DNasa extracelular en Cryptococcus neoformans y Cryptococcus gattii
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R E S U M E N

Se ha estudiado la actividad extracelular de la enzima ADNasa en 73 cepas de Cryptococcus neoformans y 12
cepas de C. gattii. Para medir dicha actividad se utilizó la técnica de aparición de halos claros en agar DNasa
con y sin verde metilo. Todas las cepas analizadas produjeron DNasa extracelular sin observar diferencias
significativas entre C. neoformans y C. gattii. La producción de DNasa fue mayor en los aislamientos clı́nicos
(valor medio del halo: 6,2 mm) que en los recogidos de medio ambiente (valor medio del halo: 2,9 mm).
Mediante ensayo en gel PAGE con ADN como sustrato, se pudo estimar el peso molecular del enzima en
31 kD. Estos resultados permiten apoyar la hipótesis de que la ADNasa extracelular podrı́a ser un factor de
patogenicidad implicado en la virulencia en el complejo de especies C. neoformans-C. gattii.

& 2009 Revista Iberoamericana de Micologı́a. Publicado por Elsevier España, S.L. Todos los derechos
reservados.
Cryptococcus neoformans and Cryptococcus gattii are fungal
pathogens that cause cryptococcosis. Until recently, both
microorganisms were considered varieties of the same species,
i.e., C. neoformans var. neoformans and C. neoformans var. gattii,
however now they are recognized as separated species19,
due to their differences in morphology, ecology, physiology,
genetics and serology.1,18 The two species also show different
pathogenic behaviours. C. neoformans primarily affects immuno-
compromised patients, like those who suffer AIDS,14 causing
pneumonia and meningitis. C. gattii is considered a primary
pathogen causing cryptococcosis in immunocompetent
individuals. For both pathogens, infection is acquired from
the environment, presumably through the respiratory
mericana de Micologı́a. Published
route22, and both species produce a panoply of extracellular
enzymes27 like proteinases,4,8 urease,20,32 phenoloxidase28 and
phospholipases.9,10,33,34

Extracellular DNase production by Cryptococcus was described
several years ago6, and its possible role in pathogenesis has been
previously discussed5 - DNase from C. neoformans, however, is
best known as the ‘‘usual suspect’’ for the difficulties encountered
in generating high molecular weight DNA from Cryptococcus for
molecular studies.5 The characteristics of that enzyme in these
yeasts have not been studied thus far. In this study we
approached the question as to whether pathogenic isolates of
C. neoformans and C. gattii are associated with extracellular DNase
activity. By testing numerous isolates of the two species in DNase
agar we found that both species produce extracellular DNase, but
clinical isolates of C. neoformans produce significantly more
extracellular DNase than environmental isolates. These results
by Elsevier España, S.L. All rights reserved.
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indicate that Cryptococcus DNase may contribute to in virulence
by degrading host DNA.
7
8
9
10
Material and methods

Strains

C. neoformans and C. gattii strains used in this study were
isolated from different environmental and clinical sources (Table 1).
Most of the strains used were previously described.2,11–13,16 Seven
Uruguayan clinical isolates (five C. neoformans serotype A, one
serotype D and one C. gattii serotype B), were donated by Dr. Nora
Fernández. The strains are maintained in the stock culture
collection of the Laboratory of Mycology at the University Miguel
Hernández (CCA—Colección Crytococcus Alicante, Spain). All were
serotyped and tested for other phenotypical features like urease,
phenoloxidase and capsule production, ability to grow at 37 1C and
assimilation of different carbohydrates (auxonograme). The
isolates were recovered in liquid YED prior to the inoculation on
DNase agar plates. Saccharomyces cerevisiae CLA024 (bakery
commercial strain) was used as a negative control.

DNase agar clearance

The method used for detecting extracellular DNase production
by yeasts was similar to the procedure used for detecting DNase
production by staphylococci. Plates of DNase Test Agar (Oxoid)
supplemented with methyl green were prepared.29 Five micro-
liters from the liquid cultures described above were inoculated in
the plates and incubated at 30 1C for 7 days. After that time, clear
zones were observed around the colonies. The strains showed
differences in the colony size. Hence the halo was measured by
the radius from the edge of the colony. To increase the clearance
of the halos, the plates were flooded with 1 N hydrochloric acid.
After 1 min, pictures of the plates were taken for halo measuring.
Assays were repeated at least twice for each strain and the
average radius was determined. Data were analyzed with
Student’s t-test and significance was defined as Po0.001.

DNA substrate PAGE

CCA197 strain, which showed the highest DNase production,
was selected for the characterization of the enzyme. After its
culture on liquid YED the supernatant was recovered and the
protein was obtained by precipitation with ammonium sulfate
(AS). Three fractions were obtained: 50%, 75% and 100% of
saturation with AS. Precipitates were resuspended in 500ml of
PBS and dialyzed against the same buffer overnight. DNase
activity in the samples was determined by the development of
clearance halo in plates of DNase Test Agar after adding 20ml of
the different fractions. DNase activity was observed in the 75%
and 100% fractions. Non-reducing sodium dodecyl sulfate poly-
Table 1
Species, serotypes and source of isolation of studied strains of Cryptococcus

neoformans and Cryptococcus gattii.

Species Serotypes Human Veterinary Environmental Total

C. neoformans A 36 16 52

D 12 12

AD 9 9

C. gattii B 3 9 12

Total 60 9 16 85
acrilamide gel electroforesis (SDS-PAGE) was used to visualize
DNase activity in DNA containing gels as described previously.3

Twenty-five microliters of those fractions positive for DNase were
loaded into each lane. Samples were not boiled to avoid
destruction of activity. Sigma DNase I was used as a control.
Following electrophoresis the gels were incubated in a magne-
sium buffer to allow renaturation and DNase activity to take
place. After ethidium bromide staining, DNase activity could be
detected as dark areas that appeared under UV exposition.
Results

All the strains tested showed DNase activity. No activity was
detected with the S. cerevisiae strain used as negative control.

The radius of the clearance halo from the edge of the colony
varied from 1 to 16 mm among the different strains. CCA197 and
CCA209 strains, both clinical isolates of C. neoformans, produced
the largest clearance zones. The smallest halos were observed in
four environmental, two veterinarian and four clinical isolates.

C. neoformans environmental isolates were a very homoge-
neous group, which produced the smallest halos (16 strains, with
an average radius of 2.9 mm; s=1.7). The C. neoformans clinical
isolates were a more heterogeneous group and produced wider
halos (57 strains with an average radius of 6.2 mm; s=3.5). As
shown in Fig. 1 the difference between the environmental and
clinical strains is statistically significant (t=3.63). Only those
isolates obtained from human patients showed a radius of over
8 mm. This large halo was found in 13 isolates of C. neoformans.
There was a tendency for a bimodal distribution of the radius size
in clinical isolates, although no statistical significance was found
with the number of samples used in this study. The halos
produced by C. gattii group, that included the 9 isolates from
veterinarian origin, had an intermediate size between the values
noted above (12 strains with an average radius of 4.2 mm; s=2.3).
When comparing the average DNase halos between C. neoformans

and C. gattii species, no significant difference was found.
Additionally, no relationship was found between the DNase
activity and the serotypes of the strains.

DNA substrate PAGE analysis showed a major dark area of
DNase activity at an apparent molecular weight of 31 kD (not
shown). Commercial DNase I showed an apparent molecular
weight of 20 kD, which is smaller than its real weight (around
31 kD). This difference can be explained because samples were
not boiled and the electrophoresis was performed in non-
reducing conditions. Thus, the true molecular weight of crypto-
coccal DNase could be somewhat higher.
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Fig. 1. Differences in halo size among strains from different origins: environ-

mental strains (black bars) and clinical strains (dashed bars).
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Discussion

Members of the C. neoformans–C. gattii complex have been
considered both primary and secondary pathogens. They can
produce primary disease in apparently normal immunocompetent
individuals, which is not rare in C. gattii infections, and more
commonly cause secondary disease in severely immunosupressed
hosts. In addition, asymptomatic cryptococcal infections are
frequent and most do not cause diseases because the host’s
immune system which controls the infection.27

Virulence phenotypes for these species are well characterized.
The three most important phenotypes are capsule production,
melanin formation, and the ability of the strain to grow well at
371C, and these have been shown to be under genetic control5,27 .
Nonetheless other mechanisms like the production of several
extracellular enzymes, have been considered as important
virulence factors.5,27,28 Phospholipase aids in tissue invasion and
in the escape from the phagosome by breaking down host cell
membranes.17,25 Extracellular protease exerts a similar activity
and its production has also been described in pathogenic
strains.8,33,34 Urease is another extracellular enzyme that is
considered a virulent factor facilitating the invasion of the central
nervous system.26,32 Phenoloxidase is involved in the previously
mentioned melanin synthesis and consequently, it protects the
cell from oxidative attack.28

Although DNase was described several years ago as an
extracellular enzyme produced by Cryptococcus,5,6 no further
studies have been carried out thus far regarding the role of the
enzyme, if any, in virulence. Extracellular DNase is considered as a
virulence factor in bacterial pathogenesis.23,24,30,35 Extracellular
DNase activity has been described as required for the normal
progression of Group A Streptococcus infection by enhancing
evasion of the innate immune system, specifically by avoiding the
killing caused by neutrophils.31 In cryptococcosis, neutrophils
have been observed in the inflammatory response to the infection
and found in close association with the infected tissue.15,21

Therefore, it is possible that cryptococcal DNase acts in a way
similar to estreptococal DNase.

The results described here show that the enzyme is produced
by environmental and clinical isolates but clinical isolates
produce significantly higher levels of this enzyme. Considering
that many other non-pathogenic fungi produce extracellular
DNases7,36 and that C. neoformans–C. gattii are also free-living
organisms, it appears that the yeasts, in their environmental
niche, may have developed adaptive tools to protect themselves
from soil amoebas, and other biotic factors, as well as to obtain
nutrients from the environment. These protective mechanisms
enhance survival but produce disease in the mammalian host.27

Therefore, production of DNase and other extracellular enzymes
could play a role in wild life, but it seems that the yeasts enhance
some of these abilities during their parasitic life in human
environment. This hypothesis would need to be demonstrated
by in vivo and in vitro studies. Nevertheless, we can conclude that
members of the C. neoformans–C. gattii complex produce an
extracellular DNase of an apparent molecular weight of 31 kD,
which may be a virulence factor when the yeast parasitizes the
human body.
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2. Baró T, Torres Rodrı́guez JM, Hermoso de Mendoza M, Morera Y, Alı́a C. First
identification of autochthonous Cryptococcus neoformans var. gattii isloated
from goats with predominantly severe pulmonary disease in Spain. J Clin
Microbiol. 1998;36:458–61.

3. Blank A, Sugiyama RH, Dekker CA. Activity staining of nucleolytic enzymes
after sodium dodecyl sulfate polyacrylamide gel electrophoresis: use aqueous
isopropanol to remove detergent from gels. Anal Biochem. 1982;120:267–75.

4. Brueske CH. Proteolytic activity of a clinical isolate of Cryptococcus neoformans.
J Clin Microbiol. 1986;23:631–3.

5. Casadevall A, Perfect JR. Cryptococcus neoformans. ASM Press: Washington, DC;
1998.

6. Cazin Jr J, Kozel TR, Lupan DM, Burt WR. Extracellular deoxyribonuclease
production by yeasts. J Bacteriol. 1969;100:760–2.

7. Chen LY, Ho HC, Tsai YC, Liao TH. Deoxyribonuclease of Syncephalastrum
racemosum—enzymatic properties and molecular structure. Arch Biochem
Biophys. 1993;303:51–6.

8. Chen LC, Blank ES, Casadevall A. Extracellular proteinase activity of
Cryptococcus neoformans. Clin Diagn Lab Immunol. 1996;3:570–4.

9. Chen SC, Muller M, Zhou JZ, Wright LC, Sorrell TC. Phospholipase activity in
Cryptococcus neoformans: a new virulence factor? J Infect Dis. 1997;175:414–20.

10. Chen SC, Wright LC, Santangelo RT, Muller M, Moran VR, Kuchel PW, et al.
Identification of extracellular phospholipase B, lysophospholipase, and
acyltransferase produced by Cryptococcus neoformans. Infect Immun.
1997;65:405–11.

11. Colom Valiente MF, Alberdi M, Meseguer I, Torres Rodrı́guez JM. Isolation of
Cryptococcus neoformans from environmental samples in Alicante. Rev
Iberoam Micol. 1997;14:63–4.

12. Colom MF, Frasés S, Ferrer C, Jover A, Andreu M, Reus S, et al. First case of
human cryptococcosis due to Cryptococcus neoformans var. gattii in Spain. J
Clin Microbiol. 2005;43:3548–50.

13. Colom MF, Frasés S, Ferrer C, Martı́n-Mazuelos E, Hermoso-de-Mendoza M,
Torres-Rodrı́guez JM, et al. Epidemiological study of cryptococcosis in Spain:
first results. Rev Iberoam Micol. 2001;18:99–104.

14. Currie BP, Casadevall A. Estimation of the prevalence of cryptococcal infection
among patients infected with the human immunodeficiency virus in New York
City. Clin Infect Dis. 1994;19:1029–33.

15. Fazekas G, Schwarz J. Histology of experimental murine cryptococcosis. Am J
Pathol. 1958;34:517–29.

16. Frasés S, Ferrer C, Sánchez M, Colom MF. Molecular epidemiology of isolates of
the Cryptococcus neoformans species complex from Spain. Rev Iberoam Micol.
2009;26:112–7.

17. Ghannoum MA. Potential role of phospholipases in virulence and fungal
pathogenesis. Clin Microbiol Rev. 2000;13:122–43.

18. Kwon-Chung KJ, Bennett JE. Epidemiologic differences between the two
varieties of Cryptococcus neoformans. Am J Epidemiol. 1984;120:123–30.

19. Kwon-Chung KJ, Boekhout T, Fell JW, Dı́az M. Proposal to conserve the name
Cryptococcus gattii against C. hondurianus and C. bacillisporus (Basidiomycota,
Hymenomycetes, Tremellomycetidae). Taxon. 2002;51:804–6.

20. Kwon-Chung KJ, Wickes BL, Booth JL, Vishniac HS, Bennett JE. Urease
inhibition by EDTA in the two varieties of Cryptococcus neoformans. Infect
Immun. 1987;55:1751–4.

21. Levine S, Zimmerman HM, Scorza A. Experimental cryptococcosis (torulosis).
Am J Pathol. 1957;33:385–409.

22. Lin X, Heitman J. The biology of the Cryptococcus neoformans species complex.
Annu Rev Microbiol. 2006;60:69–105.

23. Moreno MLG, Landgraf M. Virulence factors and pathogenicity of Vibrio
vulnificus strains isolated from seafood. J Appl Microbiol. 1998;84:747–51.

24. McCarty M. The occurrence of nucleases in culture of group A hemolytic
Streptococci. J Exp Med. 1948;88:181–8.

25. Noverr MC, Cox GM, Perfect JR, Huffnagle GB. Role of PLB1 in pulmonary
inflammation and cryptococcal eicosanoid production. Infect Immun.
2003;71:1538–47.

26. Olszewski MA, Noverr MC, Chen GH, Toews GB, Cox GM, Perfect JR, et al.
Urease expression by Cryptococcus neoformans promotes microvascular
sequestration, thereby enhancing central nervous system invasion. Am J
Pathol. 2004;164:1761–71.

27. Perfect JR. Cryptococcus neoformans: a sugar coated killer. In: Heitman J et al.,
editors. Molecular principles of fungal pathogenesis. Washington: ASM Press;
2006. p. 281–303.
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