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Molecular Characterization of Clinical and Environmental Strains of
Cryptococcus neoformans Isolated from Busan, Korea

Soo Myung Hwang”

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan, Korea

Cryptocococcus neoformans is an encapsulated yeast that can cause life-threatening infections in immunocompromised

patients. In this study, the genetic variability and epidemiological relationships of clinical and environmental isolates of
C. neoformans from Busan, Korea, 2000~2005 were investigated. A total of 12 strains of C. neoformans, 7 clinical and
5 environmental isolates were analyzed by random amplified polymorphic DNA (RAPD) using three different primers

and PCR-fingerprinting with a minisatellite-specific core sequence of phage M13. All strains belonged to C. neoformans
serotype A and mating type MATa. Two different RAPD profiles (I and II) and a single pattern by M13 PCR-
fingerprinting were identified. The major RAPD profile was pattern I (8 of 12 strains) and pattern II was identified from
2 clinical and 2 environmental strains, which clearly distinguished among isolates. Clinical strains with pattern II were

isolated from the patients with HIV positive. Taken together, molecular patterns provide a good characterization of strains

of C. neoformans as a heterogeneous group and epidemiological relationships in clinical and environmental strains.
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4, 5). AIDS A2

! Aol Fx 7157
HRlstolm, AAZH ] P2 C. neoformans var.
W3t C gattii (243 B
AEl AgtA o w7 Hely
H, A AAAE 22xEde] ol 94t Eucalyptus Lt

T2 dEA e (6~8), A Aol Ade Alelsiar
AIDS §‘r7<}°ﬂ*1 C. gattii®l °13 AT 74ﬂ gl Ao

2 Hi%a
< AR Oﬂ A bas1d10sporeE
Aow defx dory, AejshH
3] oo dollet (11).

C. neoformans< heterothallic basidiomycetesZ T &
9] mating type MATa®} MATa7} A, dnbd o=
g olut A A v
type MATa7} E--o|H, =87 MATa/a%] diploid
TE= w89 Y (1, 12).

C. neoformans mating
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A AAFSZ C neoformans®| F3F FAFH A1
AFHHOZ MI3 primer 2 (GACA), HHEA{ Aol 9|3t
PCR fingerprint ¥ (13, 14), amplified fragment length
polymorphisms (15), rDNA intergenic space regions 12} 11 &
23 (16), multilocus gene seqeunce typing (MLST) 5] (17,
18) o] &¥aL lom, o5 A Ml oJste] g7kA 9] F
& Aol deA ok eyt M= Crnprococcus
T Felgo] Axatn, o] Fe] w3k HH oA
Q1 Bargk gl& B, AEA SAS vEste] A3 A=
el gl é:_‘zgo] (19, 20). & A7rollA = 20000 o A
s AdAA e A Eeld
%ﬁoﬁ'r E3] HlE7] EWdA E2E C neoformans
TTE o]83te, o]59 ¥H3, mating type, random
amplified polymorphic DNA (RAPD)®} M13 PCR fingerprint
Holl ok FA=TA 5A4S A ek BluF oA

Aol A 2] ¥ C. neoformans®] e, 84 7] %

AEE 9 sk

AR Q)

4350 200083914 200513 Ato]
o} 2002\ H|E7] ERlolA EE
o 555 X33 F 2755 AHESI3IY (Table 1).
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A ANA EelE 75 2 HY AR AARE
A C. neoformans® F3E dTEA, FEFAA 23t
¥ ukakz API 20C AUX system (bioMerieux, Marcy-1Etoile,
France)e ©|83%t & 53283} Christensen's urea broth
(Difco, Detroit, MI, USA)E- ©]-&-3} urease A3 4, nitrate
SHAAIR 54, 37C A FEAAE Al
bird seed media (BSM)l| 4] phenol oxidase A37doll J3g Z
Aee selshel B4 (19)

A= Oh T (2009 sk 2002 FARAIY
HE7] AAA 12329 HlE7] o= #8H C
neoformans 75 ARESIA O, i S (e
3] afehd thea 2k vl Az vET] A4
B 9k 20 g HIEY] ¥l 10 me] HiAAATE
7hetar, §fo] FAS A F AEF 2087 TS &
1500 Xgoll A 57F Ak 4F9 100 wE 7Y

7l BSMell A&
-2 phenol oxidase /3¢ 23 = YEh)=
24, S 2 ERS F31e] Sabouraud dextrose agar

(SDAYE §7) thg ThA] AlFa Fol o) agiel# s}

Z3}aL, 30ColA 2~10U7F wjoFsr o,
whg 4

BA WPl oJstel A% AR
FHED HEEOINY

C. neoformans &2 Q12 Pt vhdA FEH S
ol & Y M F VA Asshd wkeAlEs A

Rl |

Table 1. Sources, serotypes, and mating types of C. neoformans isolates in Busan, Korea

No. Strain Type of isolates Source Year of isolation Serotype Mating type
1 C21 ’C CSF 2000 A a
2 C22 C CSF 2001 A a
3 C28 C Blood 2002 A a
4 C36 C Blood 2003 A a
5 C40 C °CSF 2003 A a
6 C41 C Blood 2005 A a
7 C5s8 C CSF 2004 A a
8 C23 °E Pigeon excreta 2002 A a
9 C24 E Pigeon excreta 2002 A a
10 C25 E Pigeon excreta 2002 A a
11 C26 E Pigeon excreta 2002 A a
12 C27 E Pigeon excreta 2002 A a

# C; clincal source,

® E; environmental source, ¢ CSF; cerebrospinal fluid
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tol AAsisith. @4 el ae oA v &
813}= slide agglutination test (Crypto Check Tatron
RM 304-K kit; Tatron Laboratories, Tokyo, Japan)E- ©]-8-5}31

BeRTE

o,
tlo

o

2 30CollA] yeast extract malt extract agar
(YMA, Difco)oll v %¥3}31aL, 484]3F 5ol McFarland scale
pattern 2 (2F 6 < 10° CFU/ml)ol| 23 Hk2 5ol 6
skolnk. 7t &84 5% (FL, FS, F6, F7, F) f‘& A
agglutination glass slideol] WA "ojrg|ar, 2} 3%
50 pl®] C. neoformans -5 Hojrme] Z3telglct &
grollo] AskE = RS 283 wykslHA] Eefol=
AN 22 ol A7e Ae A3 BEste] v 2
| #gsaitk: 949 A= F1at Frell &4, €49 B
= F13} Fs5oll &4, 833 C= F13} Feoll &4, 2%
3 D= F1¥) F8oll $-3 128]al 933 ADE FL, F7, F8
| S48 skl stk
wEstel Asey AAMom, A

(

2

HA AF S
canavanine-glycine-bromthymol blue (CGB)®l| ] ol| 4] glycine
S gBAadoR o] 4 9l glycine decarboxylase2] Y
Aol Adss HEske AoE, HE 49 T
55 CGB iAol A3&3kaL 30°Collx] 24~48A17F vl gt

+, CGB Hlj#|¢] A4zho] flej uijx|e] Mzl =3halof A

Ao A WAE Holw FPow WIS (1)

7 HA A s (22)°] EDTAE |83 urease
AA AlFHOR, HF FAHE dTES yeast extract-
glucose-peptone agar (YEPG)l| 100 uM EDTAE 7|5t ul
A9 YEPGEO!| #H&3kaL 30 CollA] 48417 wljeFst <, A}
2 HgS Hd 575 2 mlol spectrophotometer (Jasco
8510 BYE (Ago) 08~1.0
o] HEF gkE vhE (dF 5 °F 1 X 10°~2 X 107
ml), I'F E3tst 7 &3t | mlE F 3l rapid urea broth
(RUH broth, Difco)E 2°] =5 53 H ice bathl
A A AlZF WAEkSITE thA] ©] RUH brothEs 37°C
shaking water bathol] Y31 vl A]7F w}t} 2}22 (magenta
red color)®] YEFH &4, 2|3 34 (yellow color)©]
HekE gges e,

A F 7 A" E5ol Aol C ogattii (B3 B
EE C)olH, =5 S4°1W C neoformans var. grubii %=
= var. neoformans (8338 A, D = AD hybrid) = HE
= FRlsklnh

Kwon

Co., Ishiawa-cho, Japan)E ©|
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DNA &2| 2 mating typing

T52] genomic DNA Yamamoto (23) S 45 #
&35ke] E2]3F9 T Brain heart infusion broth (BHI)ol A
Z} A¥HFE 30T, 48A17F Hfokst & Al E 2] Ete] of
100 pl pellet= $=73k] 10 mM TE buffer (pH 8.0, 1 mM
EDTA)Z 7 WH AlF skt zF 7 Aol 250 ul 100 mM
TE (pH 9.0, 40 mM EDTA), 50 pl 10% sodium dodecyl sulfate
o} 200 ul benzyl chlorideE 718l &3+t $ 50ColA]
304 St 7HAl R1gaa A A Y, 10000 rpmell
A 1083 AR § Asdls Eesiglth Al
3 M sodium acetate 50 W& 713+ & 0°ColA 10323 A
313tk DNA 7 E-2 250 pl isopropanolE 713k -70°C
YEarel A 1Az B st Ao, AdE DNAE
70% ethanol = A 3te] 2129+ § 40 pl TER -8-3f 3k
ARESEATY.

Mating type<> Chaturvedi ¥ (12)° w2} C. neoformans
I8 A9l Eo|4 primer, MATa (5-CTTCACTGCC-
ATCTTCACCA-3'%} 5-GACACAAAGGGTCATGCCA-3"),
MATa (5-CGCCTTCACTGCTACCTTCT-3'%} 5'-AACGC-
AAGAGTAAGTCGGGC-3)E ©]-83te] PCRYES Al
3lIth PCR WHg- =392 AccuPower PCR premix kit
(Bioneer Co. Ltd, Daejeon, Korea)S AH&-3}4, DNA Al&
(75 ng) 1 ul prlmer (10 pmo)E Z+2t 1yl Wi S/HT2
% 20 W= HFH9E BEATh PCR WHE-2312 95Tl
=1 zﬂt&m 94C 1%, 57.5C 1%, 72T 1%9] ¥
o 303 RHASIQIL, vhAHO R 72Tl TR A%
S = PCRS FTA3GItE S3¥ DNA A&
gel& E3te] H7]|95S AL SEI=S] A7)
u}2} mating type, MATa (101 bp)S} MATa (117 bp)S 22l
aF3iTh

+ 2% agarose

RAPD 2 PCR—fingerprinting

RAPD #2418 3%9] primer, OPH-02 (5-TCGGACGTGA
-3"), OPH-12 (5-ACGCGCATGT-3"), OPH-20 (5-GGGAG-
ACATC-3)& AF&-3le] AAJ}git) PCR HHg &3l
AccuPower PCR premix kitE Al-8-3}1, DNA A&
1 ul, & F57F2] primer (10 pmol)E 1 pl ¥il ZTH
% 20 W= HFFIE gEATE PCR WHE-32318 94Col
A 487 27 92°C 30%, 34T 18, 727C 1329] 34
O % 353] RESlQlal, wiA T o2 72T A 5% Ao
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Figure 1. PCR products of C. neoformans
isolates for determination of mating type o
and a. Lane 1~35: clinical and environmental
isolates, 6: negative control, M: molecular
marker

Q M C21 C22 C28 C36 C40 C41 CS88 C23 C24 C25 C26 C27

Profile 1 1 1 1 1 2 2 1 2 2 1 1

e M C21 C22 C28 C36 C40 C41 CS8 C23 C24 C25 C26 C27

Profile a a a a a b b a b b a a

e M C21 C22 C36 C40 C41 CB8 C23 C24 C25 C26 C27 C28

Profile A A A A B B A B B A A A

Figure 2. RAPD profiles of C. neoformans isolates amplified with the primers. (A): Primer OPH-02, (B): Primer OPH-12, (C): Primer
OPH-20. M: molecular marker.
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M C21 C22 C36 C40 C41 C58 C23 C24 C25 C26 C27 C28

3675 -
2323 -

1929 -
1371 =

702 -

Table 2. RAPD patterns of C. neoformans isolates from Busan,

Korea
RAPD profile
Pattern  puimer Primer Primer Strain No.
OPH-02 OPH-12 OPH-20
1 1 a A C21 C22 C28 C36
C40 C23 C26 C27
I 2 b B C41C58C24C25

Z PCRS TA3SItE SZ% DNA AlEE 2% agarose
geloll X H7]95& AAete], 3549 A7) Bl

31213} . Minisatellite 5-©] M13 primer (5-GAGGGTG-
GCGGTTCT-3)E ©]&3F PCR fingerprint 2] Meyer
W o(14& S&ste] AASITE PCR NS EFE
AH&-31o], DNA A& (25 ng)
20 Wl 3
THIE 95Uk PCR REGETE 94Col|A] 523 =

AccuPower PCR premix kitE

1 ul, primer (10 pmo)E 1 ul ¥ SH/HITZE F

71EE, 93T 20%, S0C 13, 72°C 20%9] FAHLZ 403]
HEEEI 1, wpx]uto g 72Co|A] 58 Ao % PCRS
T35 S5 DNA Al5E 1.5% agarose geloll A 7
719% S AANBH, SEAES] A7]E vlal RIS
2 1

dHd 2 mating type

Hakx) o 43te] Fg Yol 20003904 2005 F
oF B ko 79} 2002 H]E7] EHoA H
H BT T 575 23S F 27859 C neoformans©]
et A GRS BF Y Acllon, WMEd
ol Ayspsta HAal AyjoAl €GB wiA|lA &4, EDTA
AA| urease A& S Z C neoformans var. grubii (8
48 A2 BRIEAY C neoformans 8338 A 42

Figure 3. PCR fingerprint profiles
amplified with the MI13 primer. M:
molecular marker.

mating typeS MATa?} MATa -+ &52 o4 primerE
o]-g3sto] PCRRYS A8 A3} 5 101 bp7t HEH o
MATaS) S 13T} (Fig 1).

RAPD 2! PCR—fingerprinting

Random primer 3EFE ©]83t9] RAPD 4] Ay
Figure 29} 72T} OPH-02 primerE ©|-83F A3} oA (Fig.
2-A) YA 25 (C419} C58) 2 ST 25 (C24
o} €25)%= 700 bpoll 31d3t= bandol| A v =] 859}
2kol7F S EA38H profile 17} 22 FEH S
OPH-12 primerol| 4= 850 bp, OPH-20 primerol| A= 280 bp
bandl| A 22} profile a9} b, A9} BZ :rL*r‘QOVQ Eian
kel @AFE AfolE YA 3EF primercl] &%
RAPD profiles #4]%F A3}, pattern 13} 112] F+ FH=
TrERen, 9w 75 oA 55, SETT 55
% 3% pattern I0]Q1aL, AT 259 AT 2
pattern 115 YERN AT} (Table 2). Minisatellite M13°]l
9]gk PCR-fingerprinting A A 1277 EF TUS &
e UERde], 731 AkelRlo] gles Rkt
(Fig. 3).

Tl oy

Cryptococcus o2 T AASAAA o] FF9
basidiospores YT 2H T2 A= Ao
A 9lom, 53] AIDS #AFE H|Rtste] WY 7]Eo] FA
5] "ol Alghell AN 713139S oo ALslA e
TAZF Fa A C neoformansSt 1 HEFEZ 25|
o] ¥ = %]”7“@54 A G =X Alolell= Froljh 4
;4 o= EF’_E] gom, A AAHow
3 Atk AIDS $HAFllA Cryprococcus
C. neoformans var. grubii, 833 ASZ

fu
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g A o}, Betdo = C neoformans var. grubiiS}
C gattii 55 71 QA0 2 HIFHATE (24).
S2ueke] 9ol 19861 Kim 5 (25)°] $H=<] oAt
oAl EElE 107 EF7F C. neoformans D F A=
B3 0™, Hwang 5 (26) 1993104 200513 A}o]
weE T 5158 AT 150 9SS &
Mg A3 FHF Aol 557, BY 2, D 15¢]
on, AAATE BT AYOo R Bk dio
GOl Ikeda & (27)2 YolM E8E 625 ZF7F C
neoformans FH¥ AYES HSGITE o9} o] C
neoformans 3% A= AAl ZHx]o A 71 Bol el
I &= Wi, 43 B Afole dvk HEH, &

F, mebd elm ohEelsh B3 59l dn) wi obd

or 32 ML

o Ayl Relgol Erkm deld 9, 9 D F
Fe folA the A9 Hls) o el welue Ao
= el At @, 6). & AelA Bl e

T C. neoformans var. grubii 733 AZ BHY A 79
we welas s,

C. neoformans2] mating type ©] %2 *gEHf—q’E], 3
A4 AR A Fasith AHFU FAHTFoA
MATa type= MATa type H.U} T] o] f XHE]-E] mating
A WA 40T DA FAE VEAY o

= 4~ T basidiosporeE A= Aoz dHA Tk

Kwon-Chung 5 (28) MATa type T7} MATa typeR.th
Weldo] ] 78k 210 % RSt} Ohkusu 5 (24)S
At 75572 mating type w24 23} 7355 MATa©)
913 27 ypeo] AT AFEE WA 2 A
oA BTl BT B MATa types YERHC
M MATa Cryptococcus 1160 F-AES AgR1eTh
Cryptococcus &2 TAF-AEA, G8h4 FA Y
ow ofy] 7hA] EARo] o]&¥aL Sl=tl, o]FelA
RAPD, MI13 primer % (GACA), WH3A Qo ATSP PCR-
fingerprint] s-o] €] o8&l glrh. 574
83+ RAPD fingerprint™}-
o Br} g &8 F Ae WHeE 39
ol ol Har vk (29, 30). & AE
L5 Cryptococcus 125-2] M13 primerel] 2]t 24 A3}

%N

F\l‘

neoformans var. grubii (373 A)2] FHAF 9 abo]&=
P o, 3572 primerol] ©J3 RAPD 4] Aol A=
T &9 pattern 13} 15 YEPH SR A, F57te] Afo]

R 2018 PCR fingerprint patternS LER O 24 C

Ues GRS Pattern IS UERH = & 8F
2 YT (T BT )l AR e,
Uz At ) SETT 29T pattern 115
e Aek FAA el w&kE L AT 7 A
ARE, QPAtTFel ST Alolol] Auhdel des &

=n

=
olg &= QlAt} 3] pattern 1S YERN I+
T HIV 98 SxjellA Eejd d524 Tr=e 2
£ 4Tk Yamamoto 5 (23)2 W] X HelA &
H ZF 2159 Crptococcuss ©]&3te] RAPD A&
& A} 4579 patten®] 545 Bargh vp vk
152 44 Wole w50 MYk

= ot FAA e st Al
AA At gk vgEe] sk o
Aeb=d Mol F4 EA4E
Cryptococcus &2 AAZHQ ZF/ U Re
L soll A AlshaA] Q1A|eh B A 71317F &
o =l =7} WY T A3 i?_]r?(]—./] =7} S
gk 7B o ® FaAEkaLl e Xtelth e

Z A AARSZ Cryptococcus & THAsF] thgst
A7 o] FolA AL Qli= vk, f-uetell A= o]
ol wate] EArshAl A7 A9l gle AAelth
°] woke] A7F AFFE offrEA= oY 7FA] 8lo]
= A= AREY, o el walat el A

o] Eef&o] Ax3E 7hEoe] obd7t AYZRIt

It
A A g Zi A e A]
o

L O{N
ko
rot

i)

ML jz?,—ﬁ

&

(]

Lo

g o N
_0|L
R
i)

&
mlo

2% Cryptococcus

eojormans var. grubiiolOq o

'9‘ = w
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