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Molecular Typing of Cryptococcus neoformans Isolated from
Korean Patients

So Hae Park', Sung-il Cho' and Soo Myung Hwang”*
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Cyptococcosis is generally caused by Cryptococcus neoformans, the opportunistic agent which has two species such as
C. neoformans and C. gattii. Both C. neoformans and C. gattii species contain a number of genetically diverse subgroups
that can be differentiated by various molecular typing methods. We conducted a molecular epidemiological analysis of
30 clinical isolates of the C. neoformans from cryptococcosis patients who had been hospitalized between 2008 and 2010
in medical centers located in Seoul and Busan in Korea. To determine the genetic diversity, 30 strains of C. neoformans
were typed using PCR fingerprinting with the microsatellite specific primer of the phage M13 and the restriction fragment
length polymorphism (RFLP) of orotidine monophosphosphate pyrophosphorylase (URA5) gene. All isolates were
identified as serotype A, mating type MATa and molecular type VNI. The random amplified polymorphic DNA (RAPD)
profiles obtained by using two primers revealed a single pattern. Our study shows that 30 strains of clinical C. neoformans
are genetically homogeneous, with all of the isolates were molecular type VN1, serotype A, mating type MATa.
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AIDS Al A C gamiiell 213 7FAFL 719] gl AL
2 HIEATH 8, 9). Tt HZ A7t o5k 7]
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Fof) w2 AlgHA wE] #ER1 C ogattiiZh Sd] A 9Q1
Autch T, Hoprle]zl 9 AR opaJo} Ao A &
Yua glow, Ao mE g S4do] Barg
o2 A AyrF 2 I aL vk (10~12).
Cryptococcus®] QARG AAE7 ol A basidiospore S
Tt w Aede slow delA ot AR,
Aot AL s oo Holldt (D).

C. neoformans< heterothallic basidiomycetes= T &
9] mating type©] =A1SHH mating type TH F-HA} 29
o] 71%5°] 2 HE A alpha (MATw)S}t a (MATa)ol <
sto] 2dETh dubg oz Aol A A e
%= C neoformans2] mating type F--0] MATzo]™,
ZEA MATw/a?) diploid w55 229t (13, 14).

C. neoformans 71&° 3t FAAEARQ] AF o=
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£ o] &gk RAPDWHol| o3¢t #AAESHA 548 48]
of -yt A E2l== C neoformans 472 THE U
gholl Aol e 5ok Blud ¢ Q= Akt 7]

Z ARE Ak A F 3l

HE gy

M R A S 2354 200814 2010

SH Park, et al.
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&), CBS10080 (C. neoformans serotype AD, VNIIIE), CBS
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C. neoformans TA] DNA 2] Yamamoto (18) W%
S 383l 2AI3F3A T Brain Heart Infusion broth (BHI,
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w5t ¢F 100 pl pelletE 5~ 3Fe] 100 mM Tris-HCI
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Table 1. Characteristics of C. neoformans isolates used in this study
No. Strain Gender Age Source Serotype Mt;ggg Motlye;;ﬂa.r Year Location
1 sh98 M 58 Blood A a VNI 2008 Seoul
2 sh99 F 75 Bronchial fluid A a VNI 2008 Seoul
3 sh100 M 73 CSF* A a VNI 2008 Seoul
4 sh107 M 48 Tissue A a VNI 2008 Seoul
5 sh108 M 62 Abdominal fluid A a VNI 2008 Seoul
6 sh109 M 35 CSF A a VNI 2009 Seoul
7 sh110 M 77 Pleural fluid A a VNI 2009 Seoul
8 shlll F 70 Bronchial fluid A a VNI 2009 Seoul
9 sh112 M 80 CSF A a VNI 2009 Seoul
10 sh113 F 27 Blood A a VNI 2009 Seoul
11 sh114 F 70 Blood A a VNI 2009 Seoul
12 sh115 F 68 Abdominal fluid A a VNI 2009 Seoul
13 sh116 F 51 Tissue A a VNI 2009 Seoul
14 sh117 M 57 Blood A a VNI 2009 Seoul
15 sh119 F 60 Urine A a VNI 2009 Seoul
16 sh120 F 68 Blood A a VNI 2009 Seoul
17 sh121 F 67 Bronchial fluid A a VNI 2010 Seoul
18 sh122 F 65 Blood A a VNI 2010 Seoul
19 sh123 F 63 Tissue A a VNI 2010 Seoul
20 sh124 F 61 Sputum A a VNI 2010 Seoul
21 sh126 M 49 Blood A a VNI 2010 Seoul
22 sh127 M 66 Blood A a VNI 2010 Seoul
23 sh128 F 54 Ascitic fluid A a VNI 2010 Seoul
24 sh79 F 74 CSF A a VNI 2008 Seoul
25 sh102 F 68 Blood A a VNI 2009 Seoul
26 sh103 M 70 CSF A a VNI 2009 Seoul
27 sh104 M 78 Sputum A a VNI 2009 Busan
28 sh105 F 54 Blood A a VNI 2009 Busan
29 sh106 F 77 Blood A a VNI 2009 Busan
30 sh118 M 55 Ascitic fluid A a VNI 2009 Busan
*CSF, cerebrospinal fluid
buffer (TE pH 8.0, 1 mM EDTA)= + H AH&3Ath 2t & FE8I3ith A5 el 3 M sodium acetate 50 pls 7}
A 250 pl 100 mM TE (pH 9.0, 40 mM EDTA), 50 ul & & 0CollA] 1037 X 3F 3 250 ul isopropanolE 7}

10% sodium dodecyl sulfate®} 200 pl benzyl chlorideE- 715}
o] £33k & 50ColA 30 &<t 7PHA HEsHAA W
218k T 1,0000 rpmell A 10327 LAlEE]et 5 33 o

3lo] 70T WE Aol 1417 WSl DNA HAES
AQitt AAE DNAZ 70% cthanol® A X 8ke] A3
340 ul 10mM TE (pH 8.0)= &-8j3to] AR&-3}ct
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Mating type =4

Mating type 212 Chaturvedi® (14)°] wz} C
neoformans 33 A2] mating type alpha (a)9} a8<] &
©| primer (Table 2)& ©]-8-3}>] PCRE A A3} t} PCR
HE-g E3tNS AccuPower PCR premix kit (Bioneer Co.
Daejeon, Korea)E AH8-5}9, DNA A& (75 ng) 1 pl, MATa
primer (10 pmo)E ZH7} 1 pl ¥il S/RTE HESHY
20 plE 2HEQATh PCR WHS-ZAE 95Tl A 387 %7
HE, 94T 13, 57.5C 132, 72°C 1329 B o= 303 uh
Eakolar, v o2 12 CAA 74 Ao PCRE &
A3l 3 MATa primerS AM&5le] U3 Ao
® PCR W& AAeigith. S3%¥ DNA AEE 2%
agarose gels &3] A7|95S AL, TFAHE9
710l whe} mating type, MATa (101 bp) H3= MATa (117
bpES skl

1z

Molecular type &

Molecular type #2412 MI3 primerE ©]-83F PCR
fingerprint'H ¥} URAS F+ZA-RFLP EAH o2 A A|5}3]
t}. M13 phage®] microsatellite 50137144 2] primers
©]-8-3+ PCR fingerprint 41> Meyer & (15)9] ¥
o83kl et gEo] AAISISIT PCR WHg el
AccuPower PCR premix kit (Bioneer Co.)& AF&-3}4], DNA
A]E(25 ng) 1 pl, M13 primer (Table 2) 10 pmolE 1 pl Y31,
THTE HETEY 20 pE 9FQTE PCR WS
94Coll A 57 27]9H, 93T 20%, 50T 14, 72°C 20%
o] Igow 403 WIS, A Ho R 72T A S

o

;
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GO = PCRE T4 T5¥ DNA A8E 1.5%
agarose gelollA] 7|35
ETAe] Axke) il

URAS SrAARFLP 228 URAS 5rAAFe] E©] primer
(Table 2)& AH&-3t] AAISIIT (5). PCR Whe &3t
AccuPower PCR premix kit (Bioneer Co.)E AF8-3}91, DNA
AlE(75 ng) 1 pl, 5+ &7 primer (10 pmo)E 2H2} 1 pl
A Yy FRFZ HFEY 20 WE $wFJAh PCR B
S 2L 94Col A 483F 2719k 94T 45%, 61T 138,
727C 249 o= 353 WHESIGIa, wiHRte R 72T
oA 10 Ao 2 PCRES FTA3TE URAS %17}
PCR 2H=& 1.5% agarose gel “Joll A EQ13 £ gene clean
kit (Bioneer Co.)& AH&3to] 5%% 600 bp DNAS ++
3}tk RFLP #4712 600 bp DNA PCR AH=o] 2552
AGta A Sau 9617} Hha 1 (BioLabs, Ipswich, MA, USA)E
Z¥z}y H7Vske] 37°Col A 6A17F WH-S-A1Z] F 2.5% agarose
geloll A A7]195S AA8ko], DNA 1= #95 3E5
T2 Aot vl gl

%
s =,

RS

RAPD =4

RAPD #24]-& 2%9] random primer, OPH-022} OPH-12
(Table 2)5 AH&-3te] AAIEHSIT) (19). PCR ¥Hg- =3l
2 AccuPower PCR premix kit (Bioneer Co.)5 AF&-3}4],
DNA AlE(75 ng) 1 ul, & &F2] primer (10 pmo)E 1 pl
Y SFFE HENY 20 WE 25Uk PCR WA
2 94Tl M 487 27198 92T 30%, 34T 17, 12T
o] Bgo R 353 HHESIGI A, Wi Ut o R 72T o A

T"i‘ T S
5% AFCoE PCRE T2 T3 H DNA AlEE

Table 2. List of primers used in this study

Primer Nucleotide sequence (5'-3") Reference

MI13 GAGGGTGGCGGTTCT (15)
MATa F CTTCACTGCCATCTTCACCA (14)
MATa R GACACAAAGGGTCATGGCCA (14)
MATaF CGCCTTCACTGCTACCTTCT (14)
MATaR CGCCTTCACTGCTACCTTCT (14)
URASF ATGTCCTCCCAAGCCCTC GACTCCG )
URASR TTAAGACCTCTGAACACCGTACTC ®)
OPH-02 TCGGACGTGA (19)
OPH-12 ACGCGCATGT (19)
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Figure 1. PCR-fingerprint profiles amplified with the primer M13. Lane #1~#4, C. neoformans molecular type reference strains VNI
VNII, VNIII, and VNIV; Lane #5~#16, selected clinical strains (sh98, sh99, sh100, sh107, sh108, sh109, sh110, sh111, sh104, sh105
sh106, and sh118); M, molecular marker (100 bp DNA ladder).
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

mating typeS MATa®t MATa 7 &2
He AAEE A3 mF

Figure 2. URAS5-RFLP profiles identified after double digestion with the restriction enzymes Hhal and Sau 961. Lane #1~#4, C
E-0]4 primerE
H=2 =2

100
neoformans molecular type reference strains VNI, VNII, VNIII, and VNIV; Lane #5~#16, selected clinical strains (sh98, sh99, sh100
sh107, sh108, sh109, sh110, sh111, sh104, sh105, sh106, and sh118); M, molecular marker (100 bp DNA ladder)
101 bp7} &5 o]

2% agarose gelol|X] 719 5S AAlste], T5AHES] A
71& Hlal =13t o]-g-3to] PCR
MATaR)& SH13FTE
4 3t
Molecular type
§Hf‘lfypz‘ococcus neoformans &% 3 Mating type M3 primersl] €15 PCR fingerprinting®] Z3H- Fig, 1
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2 FAE 2 23t FRbAodlA 2008 ol A VNI, VNI & VNIV)Z ©]-&-3}o] omi;T 305-9ke] 2
AEA HE sHE C = A A, T 305 EFE ETT VNI
s Al 243300 P sUd HHS %E}‘ﬁii’ﬁ VNI 328 9de &
oA & ARk 3 URAS FAAE SE5ke] Sau 9617} Hha
I AlgtaE S o]83ke] RFLP 418 A ¥ (Fig. 2)°l4] 30
T BT ETuT VNIEY 593 s Jepi o2
i TS gl
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20101 F<t o2 FFel 7t
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AdS glskgic) Jet
= wE Ay

E
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T E5 C neoformans

5 A4 A
om, WMz ato] Ashsta @A}ﬁuroﬂxi CGB Hl|#|
9] 1—5— C. neoformans+~ E.

& AdE-2] 87 (serotype)
o]
A)E FRlEglomH
o

Aol o,
X F4E el o2
T C. neoformans var. grubii(873
AT}, C. neoformans 3052

=
C. gattii 7577 AEHA
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Random primer 2, OPH-029} OPH-12& ©]-&-3}]
RAPD 227} Fig. 3¢} T} Primer OPH-025 ©]-§
gk RAPD profiles 2] 2 #K(Fig. 3A), Y7+ 19| &
A3t S o=m 7} 9] Zfol7} §I1S ™, primer OPH-
125 o] &3 Aol A = (Fig. 3B) it ol ELg o
g9l A¥s YehlQlth. RAPD Aol JadtFi=

R sde siEs yehdoRA, Ade AN C
neoformansi= VNI 323 02 subtype= L3t A<

& Fasgc

Cryptococcosisi= AIDS A5 HIEste] H7]5o] &
As] "oizl Abgholl Al 71317 dS dovl= Aow &
a4 A ok (1, 2). ol C neoformans 752 H
C. neoformans®} C. gattii®.Z W FolA W, ol& o

[o
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T34 IO 2 C neoformansdlli= VNI-VNIVH, C.
gattii®ll = VGI-VGIVE 9] 27} 4579 Aol &
Ak} (20). A AAHG L2 C neoformans, VNI - A8,
FHE A AFo] A7 sA Aol A Fr AYE
fridelbes Zo® e vk (21). Meyer & (22)>
C. neoformans® 23+ 752 W75 A3} A}l A
78.3%, 7155 7%e] Al A 21.7% = HHEE Ao
2 RS, C negformans 395 N C. neoformans
VNIE, 843 A #5771 A75A8t 2hake] 83.9%01A]
W= Flo2 RISt C neoformanset 1 WE
S2 3l opr|H= Ak A9 R Abolol=
Frolgh BaaAZE e AoR BHaEal 9low, A
o we oAy Y= ar gt} (10, 21). AIDS At
ol X Cryptococcus ¥l ANt F= C. neoformans
var. grubii, 339 A0 E defx do), HepdlA= C
neoformans var. grubii®} C. gattii 57 Q1702 HI1E]
ATt 23). $EvElol A= Hwang 5 (24)2 1993 o)l A
2005 Abe] W T 51k AEET 7] E

7 8 9 10 11 12 13 14 15 16

2000

1000
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Figure 3. RAPD profiles amplified with the primer OPH-02 (A) and OPH-12 (B). Lane #1, C. neoformans molecular type reference
strains VNI; Lane #2~#16, selected clinical strains (sh98, sh99, sh100, sh107, sh108, sh109, sh110, sh111, sh112, sh114, sh115, sh104,

sh105, sh106, and sh118); M, molecular marker (100 bp DNA ladder).
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