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The objectives of this study are to develop a molecular diagnosis to differentiate serotypes and mating‐types of C. 
neoformans/C. gattii complex isolates from pigeon droppings in Korea and to elucidate molecular epidemiology of the 
isolates. Phenotypes and genotypes of C. neoformans/C. gattii complex isolates were identified by biochemical properties 
and PCR using specific CNLAC1 gene, respectively. To classify serotypes and mating‐types of C. neoformans/C. gattii 
complex isolates, the five reference strains and thirty‐three isolates in Korea were investigated by restriction fragment 
length polymorphism (RFLP) analysis using CNLAC1 gene for varieties, by random amplified polymorphic DNA (RAPD) 
for serotyping, and by PCR using specific primer sets for mating typing. All isolates in Korea were belonged to C. neoformans 
var. grubii (serotype A) by RFLP and RAPD patterns which showed high sensitivity and specificity. Therefore, RFLP 
and RFLP were available to differentiate varieties and serotypes of C. neoformans. Amplification patterns of the five 
reference strains by specific PCR for mating typing were differentiable, and all isolates were classified into MATα. All 
C. neoformans environmental isolates in Korea were Cr. neoformans serotype A and MATα which is a more virulent 
pathogen. This study suggests that RFLP and RAPD are rapid and correct molecular diagnosis tools for epidemiology 
of C. neoformans/C. gattii complex isolates.
Key Words: C. neoformans/C. gattii complex, Pigeon droppings, Molecular epidemiology, RFLP, RAPD 

INTRODUCTION

The encapsulated yeast Cryptococcus neoformans/ 
Cryptococcus gattii (C. neoformans/C. gattii) species 
complex is a basidiomycetous dimorphic organism and are 
found worldwidely, because its natural habitats are pigeon 
droppings and contaminated soil. Its inhalation from an 
environmental source may cause pulmonary and central 
nervous system infection in susceptible human and animal 
hosts (Vidotto et al., 2006; Matsumoto et al., 2007; Ribeiro 

and Ngamskulrungroj, 2008). This opportunistic fungal 
pathogen is responsible for life‐threatening infections, 
particularly in immunocompromised patients. Cryptococcosis 
has been responsible for great morbidity and mortality rates 
among patients with AIDS. The incidence of cryptococcal 
infection has increased in recent years as a result of a large 
increase in AIDS patients, population aging and the 
expanded use of immunosuppressive drugs for cancer 
treatment and organ transplantation (Ohkusu et al., 2002; 
Vidotto et al., 2006; Matsumoto et al., 2007; Ribeiro and 
Ngamskulrungroj, 2008).

Cryptococcus species complex have been divided into 
five distinct serotypes, A, B, C, D, and A/D type 
according to the immunologic properties (antigenic 
determinants) of their capsular polysaccharides, which are 
related to pathogenicity. Cryptococcus species complex 
have been divided into two species (C. neoformans and 
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C. gattii) regard to biochemically, genetically, 
ecologically, and epidemiologically. Also, C. neoformans 
has been divided into two varieties (C. neoformans var. 
grubii and C. neoformans var. neoformans). C. 
neoformans var. neoformans corresponds to serotypes D 
and A/D, C. neoformans var. grubii corresponds to 
serotype A, whereas C. gattii corresponds to serotypes B 
and C. Some epidemiologic properties such as geographic 
distribution have been associated with serotypes. C. 
neoformans var. grubii (serotype A) and C. neoformans 
var. neoformans (serotype D and A/D) has a worldwide 
distribution in pigeon droppings and decaying wood. C. 
gattii (serotype B and C) has a more limited global 
distribution, occurring in tropical and subtropical regions. 
It has been shown to have a specific ecological association 
with a number of Eucalyptus species trees in Australia 
(Baró et al., 1999; Franzot et al., 1999; Kwon‐Chung and 
Varma, 2006; Okabayashi et al., 2006; Enache‐Angoulvant 
et al., 2007; Frasés et al., 2009; MacDougall et al., 2011).

Several serotyping methods have been used in analysis 
of clinical and environmental isolates of Cryptococcus 
species complex. For classification of the two species of 
C. neoformans, canavanine‐glycine‐bromthymol blue 
(CGB) agar test and disk test of D‐proline on carbon base 
agar are required. CGB agar test is performed to determine 
the use of glycine as the source of carbon. D‐proline 
assimilation test is performed to determine the use of D‐
proline as the source of nitrogen (Kwon‐Chung et al., 1982; 
Baró et al., 1999; Franzot et al., 1999; Kwon‐Chung and 
Varma, 2006). In addition, Cryptocheck agglutination test 
(Iatron Laboratories Inc., Tokyo, Japan) had been used as 
the most common serotyping method (Baró et al., 1999; 
Nakamura, 2001; Ohkusu et al., 2002; Frasés et al., 2009). 
This method cannot be available anymore because they are 
not made in Japan anymore (Enache‐Angoulvant et al., 
2007).

Mating type is well known as a virulence factor of 
Cryptococcus species complex. Two mating types MATa 
and MATα are existed in Cryptococcus species complex. 
The mating system is controlled by single‐locus with two‐
idiomorphic alleles. When crossed on an appropriate 
medium, equal numbers offspring of the a and α mating 

types are produced (Halliday et al., 1999; Chaturvedi et 
al., 2000; Ohkusu et al., 2002; Litvintseva et al., 2011). 
However, according to the survey results of C. 
neoformans var. neoformans isolates from environmental 
(mostly pigeon droppings) and clinical sources have 
shown that the MATα is an approximately 30 to 40 times 
more frequent than the MATa. Also, the MATα strain 
was significantly more virulent then the MATa strain 
when injected intravenously into the murine model 
(Kwon‐Chung et al., 1992; Halliday et al., 1999; Ohkusu 
et al., 2002; Okabayashi et al., 2006).

Many researchers is already known that the importance 
of Cryptococcus species complex affecting the worldwide 
public health. Thus, ecological, epidemiological, human 
infectious mechanism, and pathogenicity studies are 
actively underway on the global scale. Nevertheless, 
domestic studies are concentrated on medical cases, other 
studies are few. As a result, there is a paucity of 
important ecological and epidemiological information for 
Cryptococcus species complex, in Korea. Therefore, 
ecological and epidemiological studies on Cryptococcus 
species complex are essential to understand this fungus in 
order to improve diagnosis and therapy against their 
infections. 

In this study, we attempted to differentiate serotypes of 
Cryptococcus species complex isolates from environmental 
and clinical sources by using molecular biological methods. 
Restriction fragment length polymorphism (RFLP) and 
random amplified polymorphic DNA (RAPD) methods 
were performed in this study. CNLAC1 gene was encoding 
laccase to produce melanin pigment and then selected for 
RFLP. A phenoloxidase called laccase is the crucial cooper‐
containing enzyme responsible for the conversion of 
diphenolic compounds to dopaquinone, followed by their 
polymerization to melanin (Buchanan and Murphy, 1998). 
Additionally, we investigated the mating types of 
Cryptococcus species complex isolates from Korea by PCR 
using specific primer sets. Molecular methods using RAPD 
and RFLP might be useful for rapid differentiation of 
serotypes and mating types of Cryptococcus species 
complex, as well as providing important epidemiological 
and ecological information.
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MATERIALS AND METHODS

Cryptococcus species complex strains and other yeast‐
like fungi

In previous study, thirty one environmental strains of 
Cryptococcus species complex were isolated from pigeon 
droppings which were collected from public places (such 
as parks and under the bridges) in Korea from February 
2010 to March 2011 (Chae et al., 2012). Briefly, some 
parts of each sample were homogenized as much as 
possible. Homogeneous samples were suspended in 
sterilized phosphate buffered saline (PBS) at a ratio of 
1:5 by vortex, and centrifuged at 500× g for 5 min. One 
hundred micro‐liter of aliquot from supernatant was 
inoculated onto sunflower seed (Helianthus annus) agar 
plate containing 0.1% creatinine and 40 ml 
chloramphenicol (50 μg/ml) for detection of the typical 
brown pigmentation due to the activity of phenoloxidase 
of Cryptococcus species complex. The plates were 
incubated in the dark at 25℃ under a humid condition. 
After 5~10 days, brown colonies by melanin pigment 
production of Cryptococcus species complex were 
subcultured on sunflower seed agar (SSA) and Sabouraud 
dextrose agar (SDA) plates at 25℃ under a humid 
condition for the isolation and maintenance of pure 
colony (Chae et al., 2012). Two clinical isolates of 
Cryptococcus species complex were provided from 
general hospitals in Busan from February 2010 to March 
2011. One identified clinical strain of C. neoformans var. 
grubii was provided from Dr. Hwang (Catholic 
University of Pusan, Busan), and used as a reference 
strain for serotype A of C. neoformans.

Non C. neoformans yeast like‐fungi isolates: 
Cryptococcus laurentii (C. laurentii), Cryptococcus 
uniguttulatus (C. uniguttulatus), Candida zeylanoides (C. 
zeylanoides), Candida guilliermondii (C. guilliermondii), 
Candida sake (C. sake), Rhodotorula mucilaginosa (R. 
mucilaginosa), Rhodotorula glutinis (R. glutinis), 
Malassezia furfur (M. furfur) and Stephanoscus ciferrii 
(S. ciferrii) isolated from pigeon droppings were used in 
this study. All isolates were identified by using the 
Vitek2 ID‐YST card (Biomerieux, France) and 

genotyping in previous studies (Chae et al., 2012). 
Candida albicans (C. albicans) clinical isolates were 
provided from general hospitals in Busan.

All reference strains of C. neoformans and C. albicans 
were purchased from American Type Culture Collection 
(ATCC). Serotype D (ATCC 66031) and serotype A/D 
(ATCC 48184) of C. neoformans var. neoformans were 
used as reference strain. Serotype B (ATCC MYA‐4560) 
and serotype C (ATCC 32608) of C. gattii was used as 
reference strain. C. albicans (ATCC 10231) was used as 
reference strain.

Differentiation of species of Cryptococcus species 
complex by biochemical tests 

All of pure brown colonies were identified as 
Cryptococcus species complex according to standard 
biochemical tests (Chae et al., 2012). Briefly, pure brown 
colonies of isolates on SSA were stained by india ink and 
nigrosine stains, and observed by light microscopy 
examination to detect capsule formation. Additionally, we 
performed specific biochemical tests such as urease 
activity test on Cristensen’s urea broth, nitrate reduction 
test, and the growth ability test at 37℃ for identification 
of Cryptococcus species complex. Final identification of 
isolates was performed using Vitek2 ID‐YST card 
(Biomerieux, France).

Species of Cryptococcus species complex isolates were 
determined by CGB agar test and disk test of D‐proline 
on carbon base agar. CGB agar test was performed based 
on the method described by Kwon‐Chung et al., 1982. 
Thirty three isolates were cultured on CGB agar, and 
incubated in the dark at 25℃ under a humid condition 
for 5 days. Positive reaction, a color change from 
greenish yellow to cobalt blue indicated that variety of 
isolate is C. gattii (serotype B and C). Negative reaction, 
no color change indicated that variety of isolate is C. 
neoformans var. grubii (serotype A) or C. neoformans 
var. neoformans (serotype D and A/D). Disk test of D‐
proline on carbon base agar was performed based on the 
method described by Mukamurangwa et al., 1995. 
Growth around the disk as positive reaction indicated that 
variety of isolate is C. gattii (serotype B and C). No 



- 216 -

Gene Primer sequence (5′ → 3′) PCR product (bp)

CNLAC1
F*‐ CCAGCCCTGATGGTTATG

2050
R† ‐ ATTCGTCCAAGACTCGGG

*Forward primer. 
†Reverse primer.

Table 1. CNLAC1 primer sequences for serotyping of Cryptococcus species complex

growth around the disk as negative reaction indicated that 
variety of isolate is C. neoformans var. grubii (serotype 
A) or C. neoformans var. neoformans (serotype D and 
A/D).

Extraction of genomic DNA from Cryptococcus 
species complex

Genomic DNA of Cryptococcus species complex 
isolates was extracted based on the method described by 
Yamamoto et al., 1995. Briefly, each of isolates was 
cultured on SDB for 48h at 25℃. One milliliter cultivated 
broth was moved to a new tube and centrifuged at 6,500× 
g for 1 min. Sample pellet was suspended 500 µl of 
extraction buffer (100 mM Tris HCl (pH 9.0), 40 mM 
EDTA), and mixed after addition of 100 µl of 10% 
sodium dodecyl sulfate (SDS) and 300 µl of 99% benzyl 
chloride. The mixture was homogenized, and incubated at 
50℃ for 30 min with gentle shaking. After centrifugation 
at 14,200× g, at 4℃ for 10 min, the supernatant was 
transferred to a new tube. After addition of 1/10 volume 
of 3 M sodium acetate and equal volume of isopropanol 
of the supernatant, the tube was slightly vortexed, and 
stored at ‐70℃ for 1 h. The DNA was precipitated after 
centrifugation at 14,200× g, at 4℃ for 20 min, and the 
supernatant was removed. The pellet was washed with 500 
µl of ethanol and centrifuged at 14,200× g at 4℃ for 5 
min, and after that the supernatant was removed. The 
pellet was dried in room temperature for 10 min. The 
pellet was resuspended in 50 µl of distilled water (D.W).

Polymerase chain reaction (PCR) and Restriction fragment 
length polymorphism (RFLP) with CNLAC1 gene 

Genotyping of isolates from pigeon droppings was 
carried out using CNLAC1 gene sequencing with 
CNLAC1 unique oligonucleotide primer described by 

previous study (Chae et al., 2012).
For RFLP analysis, new CNLAC1 primer pair was 

designed by the Biotoolkit320 program. The sequence of 
CNLAC1 primer pair is described in Table 1. RFLP 
analysis of CNLAC1 gene was performed after checking 
the amplified CNLAC1 gene of Cryptococcus species 
complex isolates. PCR was performed using the 
AccuPower PCR Premix Kit (Bioneer, Seoul, Korea). A 
total volume of 20 µl of reaction mixture was contained 
within each 1 µl of primer (10 pM/ µl), and 2 µl of template 
DNA (1 µg/µl), and 16 μl of D.W. Amplification of 
CNLAC1 gene was carried out using the following 
conditions: initial denaturation at 95℃ for 5 min; 35 cycles 
of 95℃ for 1 min, 58℃ for 1 min, and 72℃ for 90 sec; 
and a final extension at 72℃, 7 min. PCR products were 
analyzed by electrophoresis with 1.2% agarose gels 
containing ethidium bromide (EtBr), and visualized under 
UN light.

For RFLP patterns analysis of CNLAC1 gene, one 
restriction enzyme which can be classified into three 
varieties were chosen by using the NEBcutter V2.0 
program (http://tools.neb.com/NEBcutter2/index.php): 
ApaLI (Enzynomics, Seoul, Korea). The restriction 
enzyme reaction was conditioned with 10× Buffer, 10U 
restriction enzyme, including 2 µl of PCR product and 
D.W. to become 20 µl. After six hours of digestion at 
37℃, electrophoresis was carried out on 2.0% agarose 
gels containing EtBr (10 µg/ml) in 0.5× Tris‐bortate‐
EDTA (TBE) buffer at 100V for 80 min. RFLP patterns 
of isolates and reference strains of Cryptococcus species 
complex were visualized under UV light.

Random amplified polymorphic DNA (RAPD) 
analysis 

Six different primers for RAPD were designed as 
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previously described by Koeleman et al., 1998. PCR was 
performed using the AccuPower PCR Premix Kit. A total 
volume of 20 µl of reaction mixture was contained within 
each 1 µl of RAPD primer (25 pM/µl), and 2 µl of 
template DNA (1 µg/µl), and 17 μl of D.W. PCR was 
carried out using the following conditions: initial 
denaturation at 95℃ for 5 min; 45 cycles of 94℃ for 1 
min, 36℃ for 1 min, and 72℃ for 2 min. PCR products 
were separated by electrophoresis on 2.0% agarose gels 
containing EtBr (10 μg/ml) in 0.5× TBE buffer at 100V 
for 90 min, and visualized under UV light.

Determination of mating type of Cryptococcus species 
complex isolates 

Mating type determination for Cryptococcus species 
complex isolates were performed by PCR using two 
unique oligonucleotide primer pairs, which are specific for 
mating type a and α. The primer pairs were designed by 
Chaturvedi et al., 2000. The sequence and expected size 
of PCR products are described in Table 1. PCR was 
performed using the AccuPower PCR Premix Kit. A total 
volume of 20 µl of reaction mixture was contained within 
each 1 µl of primer (10 pM/µl), and 2 µl of template DNA 
(1 µg/µl), and 16 μl of D.W. Amplification of primer pairs 
were carried out using the following conditions: initial 
denaturation at 95℃ for 3 min; 30 cycles of 94℃ for 1 
min, 58℃ for 1 min, and 72℃ for 1 min; and a final 
extension at 72℃, 7 min. PCR products were separated 
by electrophoresis on 2.0% agarose gels containing EtBr 
(10 µg/ml) in 0.5× TBE buffer at 100V for 90 min, and 
visualized under UV light.

RESULTS

Differentiation of species of Cryptococcus species 
complex by biochemical properties 

Thirty three Cryptococcus species complex environmental 
and clinical isolates were identified by various biochemical 
properties. All Cryptococcus species complex isolates were 
shown typical brown colonies on SSA by phenoloxidase 
activity, and identical positive results for capsule formation, 

urease activity, nitrate reduction, and growth ability at 
37℃. Finally, they were confirmed as Cryptococcus 
species complex by biochemical properties using Vitek2 
ID YST system.

For classification of species for Cryptococcus species 
complex isolates, CGB agar test and disk test of D‐proline 
on carbon base agar were performed. As a result, thirty 
three Cryptococcus species complex isolates and reference 
strains (C. neoformans var. neoformans (ATCC 66031 and 
48184) and C. neoformans var. grubii) were not detected 
color changes on CGB agar. Whereas, reference strains of 
C. gattii (ATCC MYA‐4560 and 32608) were shown color 
changes from greenish yellow to cobalt blue on CGB agar. 
In D‐proline disk test on carbon base agar, thirty three 
Cryptococcus species complex isolates and reference 
strains (C. neoformans var. neoformans (ATCC 66031 and 
48184) and C. neoformans var. grubii) were not detected 
strong growth around the D‐proline disk. Whereas, C. 
gattii (ATCC MYA‐4560 and 32608) were shown strong 
growth around the D‐proline disk. Therefore, varieties of 
thirty three Cryptococcus species complex environmental 
and clinical isolates were confirmed as C. neoformans var. 
grubii (serotype A) or C. neoformans var. neoformans 
(serotype D and A/D).

Determination of varieties of Cryptococcus species 
complex isolates by PCR‐RFLP patterns 

RFLP was performed to differentiate species and 
varieties of Cryptococcus species complex isolates. The 
specificity of CNLAC1 gene for detection of Cryptococcus 
species complex isolates have been reported in our 
previous study (Chae et al., 2012). The approximately 
2000 bp of amplified fragments were detected in thirty 
three Cryptococcus species complex isolates and reference 
strains by PCR using CNLAC1 primer pair. However, it 
was not amplified in other yeast isolates. In addition, 
CNLAC1 gene was detected in five serotypes of 
Cryptococcus species complex, but not differentiated into 
their serotypes.

For determination of classification of Cryptococcus 
species complex, RFLP analysis was performed by using 
one restriction enzyme. As a result, two species and 
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Fig. 1. Restriction patterns of the amplified CNLAC1 gene
from Cryptococcus species complex isolates and reference 
strains by using ApaL1. Lanes: M. 100 bp molecular marker
(Bioneer, Seoul), 1. reference strain of C. neoformans var. 
grubii (serotype A), 2. reference strain of C. gattii (serotype
B, ATCC MYA‐4560), 3. reference strain of C. gattii (serotype
C, ATCC 32608), 4. reference strain of C. neoformans var.
neoformans (serotype D, ATCC 66031), 5. reference strain of
C. neoformans var. neoformans (serotype A/D, ATCC 48184).

varieties of reference strains, clinical and environmental 
isolates were classified through different RFLP patterns 
(Fig. 1). Digestion of the CNLAC1 gene by ApaLI 
resulted in 3 different RFLP patterns. Serotypes B and C 
strains (ATCC MYA‐4560 and ATCC 32608: C. 
neoformans var. gattii) were not digested by ApaLI. 
Serotype A strains (thirty‐ three environmental and clinical 
isolates: C. neoformans var. grubii) were digested into two 
different size fragments, approximately between 650 bp to 
1,400 bp by ApaLI. In addition, serotypes D and A/D 
strains (ATCC 66031 and ATCC 48184: C. neoformans 
var. neoformans) were digested into three different size 
fragments, approximately 500 bp, 700 bp and 900 bp by 
ApaLI. Therefore, two species and varieties of 
Cryptococcus species complex were determined by ApaLI. 
Analysis of PCR‐RFLP by using one restriction enzyme 
is one of useful diagnostic molecular methods to 
differentiate species and varieties of Cryptococcus species 
complex.

Determination of serotypes for Cryptococcus species 
complex isolates by RAPD patterns 

The RAPD patterns of five reference strains and thirty 
three isolates of Cryptococcus species complex were 
obtained from the six different RAPD primers (Fig. 2). 
The specific RAPD patterns were detected in five 
reference strains of Cryptococcus species complex by 
serotype. Especially, RAPD patterns of thirty four clinical 
and environmental isolates were identical. RAPD primer 

1; mainly 5 bands of 500, 650, 750, 1,400, and 1,600 bp 
were detected in all environmental and clinical isolates 
(Fig. 2A). RAPD primer 2; mainly 4 bands of 800, 910, 
1,300, and 2,100 bp were detected in environmental and 
clinical isolates (Fig. 2B). RAPD primer 3; mainly 3 
bands of 580, 660, and 1,200 bp were detected in 
environmental and clinical isolates (Fig. 2C). RAPD 
primer 4; mainly 6 bands of 210, 410, 500, 750, 900, 
1,100, and 2,100 bp were detected in environmental and 
clinical isolates (Fig. 2D). RAPD primer 5; mainly 7 
bands of 270, 550, 900, 1,000, 1,200, 1,500, and 2,100  
bp were detected in environmental and clinical isolates 
(Fig. 2E). RAPD primer 6; mainly 5 bands of 300, 520, 
700, 1,100 and 2,000 bp were detected in environmental 
and clinical isolates (Fig. 2F). RAPD patterns of 
Cryptococcus species complex reference strains were 
different from thirty three environmental and clinical 
isolates. RAPD patterns between Cryptococcus species 
complex reference strains were different from each other 
by serotype. In other words, RAPD patterns are one of 
useful diagnostic molecular methods for serotyping of 
Cryptococcus species complex.

Specificity of RAPD patterns to identify Cryptococcus 
species complex from other yeast like‐fungi

RAPD patterns between serotypes of Cryptococcus 
species complex were specific. Especially, RAPD patterns 
by using primers 5 were more specific than others. All of 
the yeast like‐fungi isolates obtained from the environmental 
and clinical sources gave different band patterns after RAPD‐
PCR with primer 5 (Fig. 3). RAPD primer 5 was able to 
produce unique different RAPD patterns from Cryptococcus 
species complex. Consequently, analysis of RAPD patterns 
by using RAPD primer 5 is one of useful diagnostic 
molecular methods for identification of Cryptococcus 
species complex from other yeast like‐fungi. 

Determination of mating types for C. neoformans 
isolates by PCR 

For determination of mating types for C. neoformans 
isolates, PCR was performed by using specific two 
primer pairs. As a result, only MATα specific primer pair 
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Fig. 2. RAPD patterns of Cryptococcus species complex isolates and reference strains by serotypes. A: RAPD profiles by 
PCR using RAPD primer 1, B: RAPD profiles by PCR using RAPD primer 2, C: RAPD profiles by PCR using RAPD primer 
3, D: RAPD profiles by PCR using RAPD primer 4, E: RAPD profiles by PCR using RAPD primer 5, F: RAPD profiles 
by PCR using RAPD primer 6. 

Lanes: M. 100 bp molecular marker (Bioneer, Seoul), 1. reference strain of C. gattii (serotype B, ATCC MYA 4560), 2. 
reference strain of C. gattii (serotype C, ATCC 32608), 3. reference strain of C. neoformans var. neoformans (serotype D, 
ATCC 66031), 4. reference strain of C. neoformans var. neoformans (serotype A/D, ATCC 48184), 5. reference strain of C. 
neoformans var. grubii (serotype A), 6‐9. environmental isolates of C. neoformans (serotype A), 10‐11. clinical isolates of 
C. neoformans (serotype A).

was amplified specific fragments of 101 bp in all isolates 
(Fig. 4). Therefore, thirty‐four C. neoformans isolates 
from environmental and clinical sources were MATα 
(33/33, 100%). 

DISCUSSION

Cryptococcus species complex are opportunistic fungal 
pathogens that are prevalent worldwide and have been 
identified from various environmental sources, particularly 

(A)

(B)

(C)

(D)

(E)

(F)
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pigeon droppings. These pathogens cause life‐threatening 
infection of the central nervous system in mainly 
immunodeficiency hosts (Chen et al., 1996; Ohkusu et al., 
2002; Vidotto et al., 2006). Especially, C. neoformans var. 
grubii (serotype A) and C. neoformans var. neoformans 
(serotype D and A/D) are responsible for the most cases 
of cryptococcosis in immunocompromised patients. 
Whereas C. gattii (serotype B and C) has been associated 
with infections in subjects with a normal immunologic 
status in British Columbia (Canada) and Pacific Northwest 
(United States America) (Centers for Disease Control and 
Prevention. 2010; Litvintseva et al., 2011; MacDougall et 
al., 2011). The frequency of severe systemic mycosis has 
increased in the last few decades. 

Serotyping of Cryptococcus species complex isolates 
has been useful for explanation of the epidemiologic, 
pathogenic and clinical information associated with this 
fungal pathogen. The mating types of isolates are 
important for understanding their ecology and virulence. 
In addition, serotypes and mating types of Cryptococcus 
species complex isolates are essential to rapid diagnosis 
and accurate treatment against the attacks of this fungal 
pathogen. 

Currently, the prevalent laboratory investigation 
methods for serotypes and mating types of C. neoformans 
are limited to biochemical tests and immunodiagnosis. 
Cryptocheck agglutination test kit (Iatron Laboratories 
Inc., Tokyo, Japan) had been used as most common 
serotyping method (Baró et al., 1999; Nakamura, 2001; 
Ohkusu et al., 2002; Enache‐Angoulvant et al., 2007; 
Frasés et al., 2009). However it is no longer available. 
Therefore, new methods need to be developed for the 
typing of Cryptococcus species complex strains. Molecular 
methods have high specificity and sensitivity, and their 
potential to overcome the limitations of conventional 
methods. They are being used as methods of identification, 
typing and epidemiology studies on the global scale. 
Nested PCR assay using ITS rDNA was very useful 
molecular method for detection Cr. neoformans in CSF 
(Mitchell et al., 1994; Rappelli et al., 1998; Sidrim et al., 
2010). ITS region has been the most frequently used for 
yeast genotyping depending on nucleotide sequences. PCR

‐RFLP method classified serotypes of Cryptococcus 
species complex by using CAP59 gene which is necessary 
for capsule formation (Enache‐Angoulvant et al., 2007; 
Sidrim et al., 2010). However, it was not a specific gene 
for the identification of Cryptococcus species complex. 
ITS region and CAP59 gene were the common genes in 
yeasts. Serotypes of C. neoformans and C. gattii were 
grouped into 8 molecular types (VNI, VNII, VNIII, VNIV, 
VGI, VGII, VGIII, and VGIV) by PCR fingerprinting 
using M13 sequences in the earlier studies (Meyer et al., 
2003; Matsumoto et al., 2007; Sidrim et al., 2010). 
However, there still is not exactly correlation between 
serotype and molecular type for Cr. gattii. 

This study demonstrated the usefulness of PCR‐RFLP 
and RAPD methods to differentiate varieties and 
serotypes of Cryptococcus species complex isolates from 
environmental and clinical sources. There are many 
advantages using our methods compared to using 
conventional methods. We found and demonstrated that 
CNLAC1 gene was a specific gene of Cryptococcus 
species complex strains. In addition, CNLAC1 gene was 
capable to detect all serotypes of Cryptococcus species 
complex (Chae et al., 2012). The PCR‐RFLP method by 
using CNLAC1 gene was demonstrated to be specific 
method for rapid identification and detection of two 
species of Cryptococcus species complex (Fig. 1). Also, 
one restriction enzyme, ApaL1 was suitable enzyme for 
differentiate varieties of C. neoformans. PCR‐RAPD 
method was also useful method for detection of five 
serotypes of Cryptococcus species complex (Fig. 2). Six 
different RAPD primers were successful in differentiating 
Cryptococcus species complex serotypes. Specific RAPD 
band patterns were visualized easily by serotype. 
Especially, RAPD primer 5 was more specific than 
others. RAPD primer 5 was able to produce different 
RAPD patterns from Cryptococcus species complex by 
serotype. In addition, the non‐Cryptococcus species 
complex isolates obtained from the environmental and 
clinical sources gave different band patterns from 
Cryptococcus species complex (Fig. 3). Therefore, these 
results have proved that the RFLP and RAPD methods 
can save a lot of time for serotyping Cryptococcus 
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Fig. 3. RAPD patterns of non‐Cryptococcus species complex yeast like‐fungi isolates by PCR using RAPD primer 5. Lanes: 
M. 100 bp molecular marker (Bioneer, Seoul), 1. C. laurentii, 2. C. uniguttulatus, 3. C. zeylanoides, 4. C. guilliermondii, 
5. C. sake, 6. R. mucilaginosa, 7. R. glutinis, 8. M. furfur, 9. S. cifferrii. 

Fig. 4. Mating types of C. neoformans isolates by PCR. Lanes: M. 100 bp molecular marker (Bioneer, Seoul), 1. reference 
strain of C. neoformans var. neoformans (MATα, ATCC 66031), 2‐4. environmental isolates of C. neoformans, lane 5. clinical 
isolate of C. neoformans.

Total no. of 
isolates

Serotype Mating type

A* (%) B † (%) C ‡ (%) D § (%) A/D ¶ (%) α a

33   33 (100) 0 (0) 0 (0) 0 (0) 0 (0) 33 (100) 0 (0)
* Serotype A (C. neoformans var. grubii)
† Serotype B (C. gattii)
‡ Serotype C (C. gattii)
§ Serotype D (C. neoformans var. neoformans)
¶ Serotype A/D (C. neoformans var. neoformans)

Table 2. Characteristics of environmental and clinical isolates of Cryptococcus species complex in Korea

species complex environmental and clinical isolates 
without serological and biochemical tests.

The environmental and clinical isolates in Busan, Korea 
were reported to be serotype A and mating type α in 
previous study (Hwang, 2002; Hwang, 2010). Our results 
showed that all Cryptococcus species complex isolates 
from environmental and clinical sources in Korea between 
2010 and 2011 were belonged to C. neoformans var. 
grubii (serotype A) by analysis of RAPD and RFLP 
patterns (33/33, 100%). Other serotypes were not 
identified in this study. Mating type α‐specific primer was 
used in this study and amplified a 101 bp MATα fragment 
in all environmental and clinical isolates (33/33, 100%), 
showing that all Cryptococcus species complex isolates 

were MATα (Fig. 4). Information about the mating types 
of Cryptococcus species complex isolates from Korea is 
important for an understanding of their ecology, 
epidemiology and virulence. These results suggest that the 
pathogen of animal and human cryptococcosis cases in 
Korea might be only C. neoformans serotype A and MAT
α (Table 2).

In conclusion, the molecular diagnostic methods by 
PCR‐RFLP and RAPD were rapid molecular tools for 
serotyping Cryptococcus species complex isolates. It 
provides more rapid and reliable method than other 
conventional methods. In addition, our results obtained 
from in this study will contribute to the epidemiological 
and ecological researches.
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