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Abstract
Project Code: PDF4080054
Project Title: Molecutar Typing of Cryptococcus neoformans
investigator: Assoc. Prof. Dr. Ariya Chindamporn, Chulalongkorn University
E-mail Address: fmedacd@md2.md.chula.ac.th

Project Period: 2 years and 4 months

To study the prevalence, phenotype and genotype of clinical isolated Cryptococcus
neoformans, the cultures in Mycology unit, King Chulalongkorn Memorial Hospital from August
1997 to July 1999 were recruited. The microscopic morphology examination using India-ink
preparation, biochemical identification kit, APl 20CAUX (BioM'erieux, France), urease test,
phenacl oxidase test were performed to obtain the genus and species. Their varieties and
serotypes were examined by canavanine-glycine medium and CrytoCheck (latron, Japan)
respectively. The polyrnorphism in the hypervariable region using minisatellite M13 primer in
the polymerase chain reaction or so called PCR-RAPD profile was used for genotypic study. A
total of six hundred thirty eight strains from cryptococcal meningitis patients were isolated from
cerebrospinal fluid (97%) and others (3%). Most of the patienls whom the specimens were
sent were suffered from HIV infection (50.5% of the available data, the total data was available
only 53%). In contrast, only four non-HIV infected patients whom physicians diagnosed as
SLE were included. The phenotype and serotype results revealed that all these cultures were
C. neoformans var: neoformans serotype A (C. grubii). Further, one hundred forty strains were
used to investigate for the PCR-RAPD profile. Among these strains, three types of the profiles
(96.5%, 2.8%, and 0.7%) were found. The major type were indistinguished from the VNI
genotype from the report of Meyer et al. Another two types bearing the 2-3 intense bands
different from the VNI type. The polymorphic profiles were found in 3 strains isolated from 1/5
cases (HIV infected patients) whom admitted 2-3 episodes and 1 strain from 1/3 cases (SLE
patients). The genotypic profile of these four strains were the same and different from the
major type. The last profile was from the individual isolate from HIV-infected patient. In
conclusion, the result of phenotype and genotype was corresponse to each other but the later
using PCR-RAPD method revealed more degree of strain discrimination. However, to confirm

this discrimation with other molecular technique is suggested.

Keywords: PCR-RAPD, M13 primer, molecular typing, Cryptococcus neoformans



LnAnga
IRaLATINT: PDF4080054
Falasons nasuwniia Cryptococcus neoformans L35N LTI INGT
Saunidy: 6 @9, 03071 FUATUWT
E-mail Address: fmedacd@md2.md.chula.ac.th
srozailanany: 21 4 Heu

MIANBANINGN ANBUZNWNIENIW (phenotype)  WAZANMIMTNIIWUINTTY
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Tsa cryptococcosis Lﬁﬂ%ﬁﬂt%a‘i’m’miama encapsulated yeast %a Cryptococcus
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competent host 1z i ﬁﬂ?ﬁ‘?ﬁﬂﬂ?ﬂﬁtﬁﬂmn C. neoformarns var. neoformans anuiln
immunocompromised host i 1999, Franzot SP et al. I@LLUI serotype A 37N serotype
D {lu variety lwai $8 C. neoformans var. grubii SiwdngufiuaasfisnsimTaiieain
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rolimAanidadelmifiusioduniolai mailHudi i duiusuiiadnlu
mIRnsITIeINevedlnuszraadanalia

a

Uszaad lunisfinm

ﬂ!
=& & o .~ “ P
ANMIAMUTNUVBITD  Cryptococcus  neoformans  fiuen ledanwaal Jiisin1sm

b

1 MeATIRRTIING AnTURNEMEa3 ImaInTHuvYInenan Tugie 24

L)
~ 'S P a_ed, =
2. Agiuonrilavasdadiiniu serotype la variety 1o
A - - ' o g 4 [ Bacy LY L% -
3. Anmanusuwuszwinslievangeiuonlanudsz@vasdthe el
u u
nguiuunwias usswiaudihusadwiala)



4. @nw® molecular fingerprint Va3 Cryptococcus neoformans NI varieties Auun
loeu3s polymerase chain reaction (PCR) layandiy minisatellite phage M-13
core sequence v primer
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SWNUBOY Speed UazAmr (1994) wurauEnInilia cryptococcosis lunaizinnaiy
= = A‘ J - r o = A [ 1
nisoaesidotRutuu 2 it NN sEuwImelull 1980 — 81 uas 1989 — 90 Tnilutag
ot [ =Y € v £ F: ; J J ] > oo LY L% o “ o
RGP CIPHTRUE AT R wanananyin A lseluauuaroiguisavilwiialsale
Fatlaeny anundsouwuinvidlwmiews Sanmwluuys wazlu ferret  @msullssine
no ldisurnumsnulsafilluaTiusnlavatiafiuunisuaza e (1960)
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daRnaldifalsa cryptococcosis i 2 varieties A var.neoformans serotype A,

D, AD UNT var.gattii (serotype B,C) (C. basicillisporus) MINoeINITUEEEINIIREAI LU
diiae i Anainsuszssnainoianuuandaiulay varneoformans dnaziiln
sunalidihopiduiuunwissdmngidufihoeed  waslineouannizinasdugm
Tandsmaandaanuilnminmvesdafinuindantwdonludu yaun  uazeafanlyy
VT Lﬂﬁanﬁugﬂﬁﬁﬁe‘fﬁ ﬁugmaﬂﬁﬁ (Eucalyptus camaldulensis, E. teleticornis) U311
Indifuadugaaues valuwniou WAZLURBUEYU tazfBn  variety fuﬁna:tﬂummq
olifalsalu healthy host ﬁﬂuomﬁ'auﬁwmﬂu@'ﬂmLaﬂéLi’iaLLﬁ'umﬁuuﬁ'u variety
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BATR LAUDIN LUUAH aﬂﬁummuuumﬂu;&ﬂ’mﬂgqa’lqﬂ’nannqu WRTUNUWHITTNINN
Favianazuszi@n1sld corticosteroid  Franzot SP uar@mir (1999)  TIH9UANY
WANENIN phenotype & genotype I:Wild serotype A LAt serotype D 9AULN

serotype A 97N variety neoformans avtialwivilu var. grubii

Lﬁam’mf‘mmmﬁﬁﬂmiﬁmqanﬁﬂmﬁﬂﬁﬁﬂmﬂﬁﬂhﬂ“‘ﬂu"f‘imu'ﬁm:ﬁnm
DNA polymorphism & ﬁﬂﬁ’mw?ﬁmﬁ'm:mm%m anwsansolunisnalsauasdad
YsrEnSawanin uanmm‘fﬂ’aLﬂumnﬁummauﬁumm:uﬂuﬂ'ﬂumiﬁgmiuun'ﬂﬁm
\Bodndie leapaau@inninuas Schwarz Uar Cantor (1982) Aaaduwnafianmsanm
chromosomal pattern (karyotype) ‘i{u Perfect uazaitur (1989) la@adonannis DNA
polymorghism wazinafinfidadulma  (contour clamped homogeneous field  gel
electrophoresis) i"numiﬂa‘%ﬂ’nmmn@hwaastrain il’mﬁ?u Polacheck Laznk: (1992)
UiuU3amdnnsld repetiive DNA sequences AFunsiteduussuonfiansiidouas
anwsrinadnenly  Canida  afbicans  WaMIMTAN®Y  DNA  fingerprint  lwia
C.neoformans '?'iuun'lv'(mnr;i:ﬂ'au'luam’%mua:ﬁﬁzmﬂum‘ lavlt specific probes CND1.4
(specific U serotype A, D) uas CND1.7 (C.neoformans specific probe) hybridize ny
restriction fragment length polymorphic (RFLP) DNA 310NINA8aIWLIN @ 131I060an
serotype A, D 910 B, C ¢ (w3auan variety Id) siounfinisuiudyeld probe afladuiiiu
repetitive sequence LT% CNRE-1, UT-4p fludu  druTediauainisénm karyotype
FoueTon DNA atsfiuwia uass=Roluliiiamsuanvnuas chromosome uasdasly
VATUIWITUIREINY  Southern hybridization  Vilgalys uazam: (1990)  andumadia
polymerase chain reaction (PCR) Lﬂ.ﬂuﬁ"’mmad ribosomal DNA (rDNA) ‘lumndunﬁf{nm
ﬁl‘ﬁ.unﬁ‘iﬂﬂaa\‘lﬁaf_lﬂ’]"lI.Lﬂ:flﬂ‘)”va’J{l’HW’l:ENﬂ’h%:ﬁﬁﬂEi’\’l'fhiﬁll. primers 14 @5 SR1-
R,5.88, 5.8s-R, LR-1, LR-3, LR-5, LR-6, LR-7, LR7-R uaz LR-12 waUsinginauisousn
serotype lduaziilulsslomilunidinsdTannnisveadeindas wanan primers F136u
AllumaRuiruauln PCR uda 598l primers Bu8n Bu ITS1, ITS4, CN4, CN5. CN6
dludu nsneasd PCR Aindnthesuiiaasandn primers 1Iugi (sense, antisense) luns
(WN4IuIn DNA sequence fiaula lay Meyer uaznous (1993) WaruN13AN1 DNA
fingerprint #1y PCR ua: random amplification of polymorphic DNA (RAPD) a4
ofigonucieotide primer LALY 1 Tia "ﬁdﬂ:i'uﬂ‘gw'm’m oligonucleotide probe  wiiavas
primer ﬁl’iﬁqmauﬂaﬂu minisatellite n3zawaylu genome 28080 warEanIaAY

37U DNA w123 hypervariable 18 msmemaudin single primer 1¥nafiuwinawis



nAasatn  (reproducibility) WAz AU UWITFNTUNU single primer AlFlul fAseuas
ausnlunsineszunaine ldlanieauns Meyer uasamus (1993) it wax Sorrell LAz
ftLs (1996) ah) phage M-13 core sequence (GAGGGTGGXGGXTCT) f‘ﬂmamu%"mao
anzidvgandsin i ldTayamszunainonlunidoamandsin Cneoformans var.gattii
(C. bacillisporus) ﬁLLUﬂV\,G‘]’anﬂ’JULfJuTTﬂ cryptococcosis QEULLUU PCR fingerprint Uaz
' RAPD pattern A8UNU C.neoformans var.gattii ﬁLLUﬂ\lﬁﬁJ’mﬁugﬂﬂaﬂﬁaua:ﬁqwuﬁmé’aﬁ

wsnléaingaiszniilaadanuoe genotype wwwdanuisefiuonldnnduganddaaing
nulfiiuarmig
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1. nﬁuﬁdadﬂaﬁﬁnm Qﬂ?uﬁxﬂﬂsa cryptococcosis wazuonldida Cryptococcus
neoformans Y}ﬂ?’lﬂﬁﬂ’]ﬂ%"ﬁ’l’w}ﬂ%’ﬁﬂﬂ’] Amzuwnaeaad PaInIlunIng iy
w29 24 Wwon

5 wondeTsiden e infedine saedasluil

a. wundaTsiBefildday API Kit

b. WgILDuUDOU species neoformans uaNfL urease test, phenoloxidase test
1oy species f1%na urease test positive wazlw brown pigment Honaasu
@18 phenoloxidase test

c. @nwn variety @18 canavanine-giycine medium (CGB-medium)

d. @anm serotype (»ﬁmi’:ﬂm CryptoCheck kit (latron, Tokyo, Japan)
(aﬁﬁu‘r’lu’\mﬁ]’m Dr. T. Kanbe, Nagoya University School of Medicine,
Japan)

e. Wudonavualif 70 ssmondoa

L 73 L2 l:‘ ﬂ" L g, 1 [
3. SN TBYsHUIUNWITS Cryptococcus neoformans mnuuﬁnﬂsz'zﬂg’ﬂ’:mﬁau
u

luamrpidquinunwiasmiala atingly ﬂ’uﬁnmmma:mmmaﬂwaunjﬂ"w

- ] a & ' . . & ' - - =
Tufinmsamanuidunsdasalni (reinfection) wiala) 1M ITINABIBU JURS
N13TINEN
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4. AN PCR fingerprint BaILTONI 2 varieties @la1de single primer



a. DNA isolation : &9 Cryptococcus neoformans (stationary phase) @30

buffer {20 mM Sodium citrate (pH 5.8) in 1 M Sorbitol] 3 a%1 sl
lasduanarolulanawnar uasld lysis buffer [S0mM Tris HC! (pH
7.2}, 50 mM EDTA, 3% sodium dodecyl sulfate, 1% R-mercaptoethanol]
ﬂuﬁqmv&qﬁ 60 aderuaaidn Huwnan 1 alus han centrifuge WRTWLHN
'B';u DNA @7t phenol : chloroform : isoamyl alcohol {1:24:1) 'ffufgﬂﬁ'm
centrifuge WRSLHNALNOU DNA MNAWINENALNOUAIN 3M sodium acetate
0.2 winlapUSunas) uar isopropanol (0.5 inlasl3anes) dneznau
ﬁduﬁanaaaﬁu‘%qn‘ﬁf Wasnandnwn PCR fingerprint WWazanudin TE
buffer [10mM Tris HCI (pH 8.0), 1mM EDTA]

b. PCR fingerprint a3t

® primer NlT68a minisatellite — specific core sequence U8y phage M13

(5" GAGGGTGGCGGTTCT 3Y)

¢ a3uifji3und@mTu PCR (total volume 50 pl)

DMNA 25 ng

Tris HCI (pH 8.0) 10 mM

KCI 50 mM
MgCl, 1.5 mM
Magnesium acetate 3 mM

dATP, dCTP, dGTP, dTTP 0.2 mM (each)
primer 30 ng
Amplitaq 25U

L4

® Condition 8¢y thermal cycler @t condition 9195k

Denature 93°C duat 20 3w
Annealing 50°C duian 30 3win
Extension 72°C Wuwan 20 Judn

GLAUNIINY 3 conditions 35 sAU
N1 Y DNA product Al6aI0 electrophoresis LazHaud1s ethidium

bromide laul3oUtRuUNY standard marker Wa=tUANALSILNNTETON W
mu‘lﬁumqaﬂfﬂﬂmﬁﬂ
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1. &N Nqn'ﬂaﬁT‘iﬂ cryptococcosis

fa C. neoformans fuunldarindidaralumiangen Ma3TaTIIng ams
wangeand PwianIniimingdy zuninfauiimian 2540 Hadauningian 2541 1
IR 343 MudAus  sTwivEauiamay 2541 Daufauningian 2542 iy
Yodu 205 moug (M3eft 1) vadu 638 e siedsdanilasdulng
Wi ludundy (cerebrospinal fluid, CSF) aaliufosar 97 wanimilasniul’
hemoculture, sputum, tissue biopsy, bone marrow, pus, as;citic fluid devduyauas 3 an
s Tedtholuludiesa ﬁn’u‘:‘s:q’i’nﬂuémamwmn%ﬂauﬁm%a'h%’ma-n 1o 3 4w
322 a% Aefluienaz 505 tm:mmjﬂ’mﬁtﬂﬂmﬁu %0'5:14‘1'5'Lﬁua‘['smﬁmwhfu fa
Systemic Lupus Erythematosus (SLE) f5mIunedu 16 ®es9aT9 wia fowar 25 o
Waaseaoud? Unngd Sidarndiman 16 Fvdiae sududwaudldnmadg
@3790NNTY 1 ﬂ%‘:ﬂmnrfgﬂma‘hmu 4 My LLﬂ:‘?‘i'l;i"lGTi:q underlying diseases 138n 259
aHifeluiauaz 47 i‘hu’mﬁ"l;ivle'f'i:q'nﬁmhﬂﬁuwfhmﬂu?a:afiamwﬁvlﬁ%'ummmmﬁu 9
ﬁ"lﬂmmmmm?aga'lﬁ piladwandsdaTslua i 1 Auandliduswuativa
gomadinrranaal fiRn e lésunvue ﬂ"ﬂmuiﬁzjmmml‘ﬁlmu’»ﬁm’mgﬂwﬁtﬂu
cryptococcosis L@ Lﬁaqmn?iadomwmaap&'ﬂwmqﬂu LLW'nﬁ§ﬁ1n1$‘3’nwﬂﬁwf&au1nn1’ﬁ
wilinTauastnafidannnimiirie uanmni‘fgﬂ’aummmﬁ’ﬁnms%’nuﬂﬂwwmma
nnimilsafilapsspzaminvasmadiiunisinsuindszanm 14 @eu laoUszanm
mMsudrswandreslsinmioua: 25 ﬁatfum@’iﬁwmmgﬂ’)Uﬁlﬂui‘sﬂ cryptococcosis
'-ﬁwT*Jumnwm%aua:ﬁqam%aué’w:ﬁﬂs:mm 480 a4 NTsIulay Sukroongreung
S. wazAm: (1996) 1 TxwiadounnTiau 1993 - (@audwiny 1995 unnita C.
neoformans 'l&f 157 strains \HaFouifinuniusosrulas Steenbergen kaz Casadevall

(2000} WU C. neoformans 371U 40 strains ﬁLLun'lG'fanﬂ’m cryptococcal meningitis



329l 1991 — 1999 Tulsawsunamaswislu New York city anigawint asiuiniu
wiidwandtoidulsa cryptococcosis 1N

@197197 1 wIwmTe  THeRIEIATID  Uer  underlying  diseases maqgﬂﬁmﬂuim

cryptococcosis ITWINLABUTINIAY 2540 T3 LWHAUNINYIAN 2542

FUIURIR SN FIFINTID Underlying disease
f7” CSF non-CSF HIV non-HivV ND
®80.40 — ua .41 174 169 5 82 3 89
NnwW.41 — NA.41 169 167 2 96 2r 71
AR.41 — un .42 152 146 B 65 1 Bl 75
NW.42 — NA.42 143 138 5 79 - 64
Total 638

-y - A. . z e LAl = -~
‘HN"IEII.VIG} *AIUIUIUFTIRIAT IR, ** TouanHU TG eINY

u u

bl ﬁaa&ammjﬂ’maaqﬂu; Rt ﬁagamm&'ﬂmaa\lﬁn

CSF wunpfa cerebrospinal fluid

non-CSF nu1eda hemoculture, sputum, tissue biopsy, bone marrow, pus, ascitic fluid
- A aw o a . - Py - -
non-HIV Julsaduiililsnisdamalimes 1a 3

ND (no data) - ldamsonidayala

2. Phenotypic ldentification

- o & a v a . & o

WaI9INH WD yeast Nuunl@NNFIFIATIMINUAIIUIU 638 strains  WALHN
- = s ¥ [ ; -
FwwszvuazBudwintluwiTa Cryptococcus neoformans 9t

. . "‘ » A‘ "': =
1. India-ink preparation \(WaaT1I/0L capsule l_l':"ln{]'l’u'ﬁaﬂawuﬂu capsule

. o,

Figure 1  India-ink preparation WAPIANOLLIRTUIIUYDY Cryptococcus neoformans



2. Urease test WaUsINg (Bany 638 strains Iinavan dearailu genus

Cryptococcus W38 Trichosporon

Commercial kit — APl 20C AUX (bioMerieux, France) LfiaaTiaanyunmautd

msldiena wanimamauny 638 strains Usingin nn strain 1w genus

Cryptococcus WAL species neoformans

4, Melanin pigment formation Lﬁa@lﬂ%ﬁaum‘iﬁﬁmumaa enzyme phenoloxidase
LUEIMII BB S8 caffeic acid 1T1% substrate wndl enzyme i #lalaflaziiin
Zieanap8 melanin pigment  HamInagoyu Unngin Flelaflveann strain

Wufiiena uaaaimn strain § enzyme phenoloxidase LR FINNINATN

melanin pigment ‘l¢

Figure 2 Melanin pigment formation of the medical important yeasts

PINUAMINARBIANEIT UM TUMIANYT  phenotype  launsaasuunida
. . .\ - "~ . et ] P ¢ -
(identification) wazgwubu (confirmation) Tuszeu genus WAL species 71VTAN 638 strains
I3 A’ [ [ o = [
W Cryptococcus neoformans waigy llanunsnduunidlu variety uaz serotype 16 39

Tdvinmsmesastunoudall tRaw1 variety @78 canavanine-glycine medium (CGB-



medium) WKW serotype a7y CryptoCheck kit (latron, Tokyo, Japan) ﬂi’mg’h t%a

navueaLtlu variety neoformans, Waz serotype A H‘%aﬂ’i}i‘lﬁu Gonlu Cryptococcus grubii

3. Genotypic Identification

o P o A “
AN genotype VORTONFUUTITIUIU 140 strains Tﬂﬂﬁnmgﬂuuu PCR-RAPD la
du single primer M13 lasSouifinuiuzduny PCR-RAPD 189 standard genotype 8
o vy x ,
types 9INTIWIMUVEI Meyer URTATAT (1999)  mMiImaradlliminaassdmniuaauating
(" & g . al -~ a = - w g 13
Wou 2 — 3 a30luige strain W@omuRatdunsBuduramImaany Hamimaaaaiifinwuin
a8 - oY i
PCR-RAPD 28038 vnansfiliiddouudas
HanIANNFILLY PCR-RAPD WU
P4 ' P . g o - -
1. 3duuuveTausar strain 91UIU 140 strains % 8 3 JUuuy A d7duuy
\Tudnanustuuy VNI (C. grubii type 1) (Figure 3) innuaulay Meyer uaz
ATLE (1999) URLFDANADINUHANIINAADITEY Meyer WATATME (1999) NIILIU
L - _ -
gk L'namnﬂszmﬂiﬂuuzﬂuuu VNI (Figure 3: lane 1-3, 5-7, 9-11) uazdn 2
ElJLL'LmﬁGi’Ni]’mE'dLLUU VNI 2-3 bands (Figure 3: lane 4, 8) 31424 4 srains
Waz 1 strain l@BuUUUINWLUIZUNM 96.5% W38 135 strains
Py o - o & - = ~ ) .
2. sUwuvanbeningihoiidadaor 1o 3 luno@oiiuueds episode (2-3
; o o = o [ . - ' &
episode) ¥ 5 3ouu dydunvlidreiu wdilisSoufisuszniraganin
. . : & .. .
duhudweny woihjluuyvesdeandis 1 3o uandwanslduuuses
r .. o 4 . o e ¥ <
\Bavndiiu3Idu (Figure 4) 1Taduiu 3 Ausnldnndihomusiinandad
ARG oINU A W luaunas uddanalun episode @EIMU Lazew
episode N4
& ' . - v - v & .
3. jUuuuvenBouda: strain fuonandidn non-HIV soidiariu veluuazens
episode 374U 3 378 H3UuUy PCR-RAPD nillauniu 2 718 usidn 1 Muuud
. [ . - ~ A - .~ - a
anuuanaanulu  episode W@uIU 1 strain SawwnldnFediaenia
WGoanw Ao W ludunas ualuwianvinanu 12 7 (8 u Figure 5)
a Aﬂ' r - ll‘ 1 .:4. » . = [ n‘: ¥ L J‘
4. liwuglunufuandnsmiludsdeseficdiuluno@oiiunslungudfaisa
" d " J s =i
Tsmer 1o 3 war bidasaldmes 18 3
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uanmnﬁﬂﬁfﬁm%a 2-3 lalailann original isolated plate 1174 5 3770 laui@anan
ANUTUVEY melanin pigment HAEITUMAITINULWIL 5 - 6 % WU sUuuuvaslalail
a’mw:ﬁ’m'mmﬁmﬁuﬁgﬂLmuﬁmﬁauﬁ'u

9INN1T molecular typing PaNTaIHIN 140 strains WU D 2 Juuy lay 965 %
- fisduuuwi@oany genotype VNI Asvaulay Meyer Wazatus (1999) uazdn 3.5% 3
Eﬂuuuﬁl,mn@m‘lﬂmn genotype VNI 1Fnday  uEeedn  Dennumainnannuaaia
Cryptococcus neoformans 'lmjﬁ'}Lmmﬁmﬁ’uua:smswﬁu‘[ﬂumwwmnnmumfuﬁdau
LAzHIWUIN 3% PCR-RAPD H89a10050UanNanunanwanuuanialu episode Aienanu
WAz episode FiEnINu

™~
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W 41-12/264
41-12/265
41-9/228

141-12/188
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)
e
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—
-

il 41-9/3

Figure 3 RAPD pattern using M13 primer of 11 individual clinical C. neoformans
after ethidium bromide staining on 0.8% agarose. The numbers on the top represented

each individual isolate. (Kb = kilobase)
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 41-7/131

Pe. B

40-10/24

40-10/93

G174 Hae 11

DNA marker {Kb)

2.03

1.35

1.07

0.87

0.60

0.31

Figure 4 RAPD profiles using
M13 single primer of C.
neoformans var. neoformans,
serotype A. The numbers on the
top represented each individual
isolate. Two isclates from each
patient (Patient A, Patient B)
collected from different period
during course of infection
showed the same pattern. The
profiles between these two

patients were distinguished. Two

standard DNA, A Hin dill & ¢
174 Hae lll were used as size
markers. These RAPD products
1.5%

agarose. (Kb = Kkilobase)

were separated on

11



Figure 5 RAPD profiles using M13
single primer of C. neoformans var.
neoformans, serotype A on 15 %
agarose. The numbers on the top
represented each individual isolate.
“A" represented profiles of two
isolates from the same specimens. "B"
represented distinguished profiles from
the same patient. These isolates
collected from different peried during
course of iliness. DNA size marker of
1 Kb ladder and () 174iHae Il were

used. (Kb=kilobase)
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