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A n em erging aguatic fungal like organism Pythlum |nS|d|Osum, causes the

disease called ‘pythiosis’ in both human and anim al from tropical, subtropical, and

tem perate zone The highest m ortality and moorbidity in hum an pythiosis has been

reported from Thailand Voery few genetic inform ation and pathogenesis concerning
this organism is not known T his study w as to investigate genes expressed from
culture at 37 ¢ m ight involved in its pathogenesis To disolate tem perature-induced

genes, PCR - select ¢cD N A subtraction from culturesp. Insldlosuma127°c and 37 °¢

and PCR-based searching th e genetic inform ation in G enB ank D atabases B oth
subtracted ¢D N A libraries conditions, total six hundred and six clones w ith inserted

¢cD N A fragm ents w ere detected. N ucleotide analysis by B LASTN show ed m oo stly

m o itochondria D N A w hereas the protein function predicted by Sw iss-Prot and
B LASTX program s dem onstrated candidate genes encoding proteins Here, gene
encoding cytochrom e ¢ ox idase sSubunit 1l (COX 1)y, P -tubulin (TUB),and chitin
synthase subunit Il (CHlII)were selected to analyze their expression wusing sem i-
qQuantitative PCR an d confirm ed by R oeal tim e R T -PCR To dem onstrate the

expression level at 37 °¢ and Do fommmliemn conditions, six teen strains o f p. InSIdIOSUm,

represented three phylogeographic preference were recruited The results showed that

at 37 °¢c grow th condition, only COXIIgene expressed 2.5 times over 27°¢c growth
condition (p = 0.0347). Even though, TUB and CH' I show indistinguishable
expression these genes can be used as housekeeping genes for tem perature
susceptible gene expression studies This is the new findings However, it is of noted
that the expression 0fCH|IIat37“cdependedonthegeographicdistribution N ot

only the expression was analyzed, the phylogenetic relationship was also perform ed

using COXII. The result showed that COXI\ is the good candidate gene to reveal the
genetic association am ong p. |nS|d|Osum.|t also is an alternative gene of ITS w hich s

commonly used for study the phylogenetic distribution conclusion, these data w as the
pioneer to dem onstrate that COXII expressed at37°c over 27°c¢ The insightof this gene and

pathogenesis required to perform the further investigation

Field of Study :  Medical Microbiology Student’'s Signature.. ... AP T

Academic Year: 2009 Advisor’s Signature........=77. AR TR

Co-Advisor’s Signature....é@'.

Co-Advisor’s Signature......\/.



ACKNOWLEDGEMENTS

First of all, I'w ould like to express my feeling from the honesty to my great
advisor: Assoc. Prof. A riya Chindamopom , Ph.D. Throughout my candidate Ph.D
lifetim e, she gave woise advice, good care to support this thesis and other
adm inistrative challenges and the m any constructive discussions. | am very to special

thankful to myCO'advisor:Assisl.Proi.TanapalPaIaga.Ph.D.Wilhh\s enthusiasm
his inspiration, and his greatefforts to explain things clearly and sim ply, he provided a
lot of suggestions from him im proved m y thesis and also m y scientific thinking. M any
thanks are address to my co-advisor to be loved K allaya Sritunyalucksana, Ph.D for
supervising this w ork and asking m e to w ork in her research group at Centex Shrim p,
Faculty of Science, M ahidol U niversity, where | carried out a significant part of my
thesis. W ith her talent and expertise for research, she helped me a lot w ith her great
experience in Suppression Subtractive H ybridization System

M y special thanks go to the 90th A nniversary of Chulalongkom U niversity
Fund (R atchadaphiseksom phot Endowment Fund), G raduvate School, Chulalongkom

U niversity, the m ain financial support and | also thank R esearch Center, Faculty of

M edicine, and Chulalongkom University . | w illl forever be indebted to Prof. D r.
B oonsirm W ithyachum nam kul, M D ., Ph.D . for the giving m e the opportunity to use
the excellence facilities at Centex Shrim p for m ore than three m onths. At Centex
Shrim p, many people have supported m e w ith w ord and deed. | am very special
thankful to Prof. N ongnuch V anittanakom , Ph.D ., Faculty of M edicine, C hiang M ai
University, Theerapong K rajaejun, M D ., Ph.D . and A ssoc. Prof. Srisurang

Tantim avanich, M ahidol U niversity for providing p. InSldIOSUm references isolates

and D N A sam ples I am especially grateful to numerous people were involved and
contributed in m any ways in this thesis, especially M s. Supranee B uranapraditkun,
M s. Sirada K oachareon, my sisters and brothers in M ycology research unit and all

staffs of D epartm ent of M icrobiology for providing a stim vilating and fun environm ent

in which to learn and grow . Lastbutnot least and m ost im portantly, | am extrem ely
grateful to m y parents, younger brother and my husband for all their love! and sharing
their life w ith m e. W ith their understanding, never lost patience w ith m y im patience,

they alw ays raised and help m e get through the difficult tim es; w ithout them my work

could not succeed.



CONTENTS

THAI ABSTRATCT iv
ENGLISH ABSTRATCT \
ACKNOW LEDGEMENTS Vi
CONTENTS voii
LI1sT OF TABLES X i
LIsST O0F FIG URES X Qi
LIST OF ABBREVIATIONS S AND SY M B 0 L S X Vi

CHAPTER

INTRODUTCTION 1
H ypothesis 7
0 bjectives 7
Conceptual fram e w ork 8

I REV IEW LIERATURES 9
1. Background H istory 9
1.1 M am m als pathogen ofp. |n5|d|03um 11

2 B iology and L ife C ycle 13
3. Hyphae ultrastructure 15
4. Life cycle 16
4.1 Sexual reproduction 16
4.2 A sexual reproduction 117
5. Eopidem iology 21
6. Clinical pathogenesis 24
6.1 Clinical m anifestation 25
6.1 .1 Cutaneous [ SuUbcutaneous Py th i0 5§05 m————— 25
6.12Vascu\arpylhiosi5 21

6.1.3 0 cular pythiosis 29

7. Laboratory diagmnosis 29
7.1 Specim en collection 29

7.2 Culture 30




voiii

CONTENTS (continue)

Page
CHAPTER
7.3 Zoospore production 30
7.4 H istopathology 31
7.5 D NA - based diagnostic assays 32
7.6 Serological m ethod 33
8 Treatm ent 34

9 G enom ic data olp. |nS|d|OSum 37

10. D ifferentially E xpressed G enes 43
10.1 Suppression Subtractive H ybridization (S S H ) . 46
10.2 Real - Tim e Polym erase chain reaction (R T - PC R ).... 53

10.2.1 SY B R ® G reed Chem istry 57
10.2.2 M elting curve analysis 58
(NN M ATERIA LS AND M ETHOTDS 62

1. M dicroorganism s and |dentification 62
1.1 M oGCTo0 rg an ism § mm—— 62
1.2 ldentification 63

1.2.1 Zoospore production 63
1.2.2 D N A e X tractio N . 65

1.2.3 PCR am plification and sequencing for

P. InSIdIOSUM 14 v iticstion 66

2 Tem perature sensitive genes selection 67
2.1 Suppression subtractive hybridization 68
2.1.1 RN A extraction 68

2.1.2 D eterm ination of R N A quality 70
2.1.3 m RN A purification 71

2.1 .4 Suppression subtractive hybridization (S S H ). 75

2.1.5 The construction of SSH ¢D N A Tib rary c—— 81
2.1.5.1 Com petent cells preparatidl oooem————————— 81

2.1.5.2 p6 EM ® - T easy vector transform ation... 82



CONTENTS (continue)

CHAPTER
2.1.5.3 Screening ¢D N A inserted by PCR

am plification

2.1.5.4 Sequencing and data analysis.

2.2 G enBank database

3. G ene expression A nalysis

3.1 Sem i - Q uantitative gene expression determ ination

using PCR

3.1.1 Firststrand ¢D N A synthesisprocedure ..

3.1.2 Polym erase Chain R eaction (P CR ) A m plification

3.2 Q uantification o f gene expressiondeterm ination .

3.2 .1 Real tim e reverse - transcriptase PC R (real tim e

3.2.2 D ata analysis

4. G enetic diversity

4.1 Strains and G enom ic D N A

4.2 PCR am plification and sequencing

4.3 Phylogenetic analysis

v RESU LTS ..

1. Isolation and Identification ofp. InSIdIOSUmThal isolates....

1.1 Zoospore production

1.2 V erification o f f Thai Strain by D N A
p. insidiosum

sequencing in ITS region

2. Tem perature sensitive genes selection

2.1 ¢cD N A 37 °c¢ library by SSH technigue

2.1.1 RN A qualification

2.1 .2 Ildentification of subtractionefficiency .

2.1.3 Inserted clones from Subtracted ¢D N A Libraries

at37°c¢c and 27 °c conditions

Page

83



CHAPTER

\

R EFE

2.1 .4 Sequence A nalysis

2.2 G enB ank D atabases

3 D ifferential expression screening

3.1 V alidation ofreference gene for reference control in
gene expression, sem i - quantitative reverse
transcriptase (R T ) - PCR procedure

3.2 Sem i guantitative PC R am plification

3.3 Tem poral expression ofcandidate genes by R eal tim e
reverse transcriptase - P C R (R eal time RT - PC R )

3.3.1 Identification and validation ofendogenous
control gence !

3.3.2 Q uantitative analysisofCOXI\‘TUBandCHlI\
gene expression using Realtime RT - PCR on
individual sam ples

3.3.3 A nalysis of the relationship betw een COXII,

4. Phylogenetic relationship of 33 strains p. |n3|d|03um
4.1 Phylogenetic tree based on COXI\gene

4.2 Phylogenetic tree based on ITS gene

DIsCUSS

RENTCES

10

CONTENTS (continue)

TUBandCHlIIgeneexpresswnn and 3

phylogeographic regions of p. |n3|d|03um

N AND CONCLUSION

N D ICES
ppendix A
ppendix B
ppendix ¢
E




LIST OF TABLES

Table

Im portant different betw een the O om ycetes and Fungi

Summ ary of clinical inform ation for hum an patients w ith pythiosis

diagnosed at 9 tertiary care hospitals across Thailand

O om ycete genom e projects and their associated w eb resowurces

W hich m odel system for the oom ycetes

Comparison of advantage and disadvantageof gene expression profile

D yes available for use in Real - tim e P C R

H osts/sources and geographical origin w here p. Insldlosumwere

isolated

The oligonucleotides used for SSH m ethod

O ligonvucleotides used for checking individuval fragm ents insertion
Prim ers use for R T - PCR and DN A sequencing
Real Tim e RT - PCR condition

Listof 33 isolates ufp. |nSIdIOSUm and other Pythlum species used in

phylogenetic study

Q vality and quantity oftotal RN A by H otphenol extraction from 16

p. mSldlosum isolates

Summ ary sequence analysis ofsubtracted ¢cD N A libraries at 37 °c¢ and
27°c condition using BLAST & EXxPASY - PROSITE program s
Listofthe nucleotide sim ilarities of SSH ¢D N A libraries sequences

from p. Insldlosumslrain PC7 at27°°¢c & 37°¢c cultivation conditions
SSH ¢D N A libraries (27 °c¢c & 37 °c¢c conditions) w ith significant protein

m atches in T he N ational Center B iotechnology Inform ation (N C B I)

protein databases

G enBank accession num bers of sixteen isolates p. |n5|d|03um isolates.

The average m elting tem perature ofeach genes w ith genes specific

prim er pair

101



Xii

LIST OF TABLES (continue)

Table Page

D ata analysis and validation of endogenous control (rR N A gene) from

16 strains ufp. |n3|d|05um grow th tem perature at 27 °¢c and 37 °c¢

condition 131
Summary data ofcycle threshold (C Z) from 16 strains p. |nS|dIOSUm

grow th at 27 ¢ and 37°¢c conditions 133
The fold change ofthe candidate tem perature sensit\vegenes(CoX\l‘
TUBandCHngene)reIat\velu the endogenous control gene (rR N A )

attw o different tem perature 134

The relationship analysis betw een differentoforiginal sources of

p. insidiosum oo 1o e s Lo
G enB ank accession num bers ufp. insidiosumisulales used in this

study 143

Showing the cluster term inology obtained from the phylogenetic

analysis of three studies including the present study. C lin: clinical

source, env environm ental source 154



xiii

LIST OF FIGURES

Figure Page

©ocornny o1 P.oinsidiosum oo 5o s s
2. TEM m icrograph ofa transverse section of hyphae ufp. |nS|dIOSUm.... 16

3. A developing sexual and asexuval reproduction of O om ycota

4. T he life cycle ufp. |nS|d|OSUm 20

5. D istribution o f pythiosis in the tropica subtropical and tem perate

regions o f the w orld 21

6. G eographic distribution of patients w ith pythiosis in T hailand 24
7. The pathogenesis and histopathology ofcutaneous pythiosis... 21
8.Thepathogenesisandhistopathulogynfvascularpythiusis 28
9 C linical presentation ofocular pythiosis 29

10.Culonymorpho\ugyofp.insidiosum 30

11. D irect exam ination from tissue biopsy from hum an vascularpythiosis 32

12. D iagram representing the m ain features ofthe Central D ogm a.

13. R elationship betw een incubation tem perature and grow th rate .. 41
14. 0 verview ofthe PCR -Selectprocedure 49
15. A n illustration o f the use ofm elting curve analysis to distinguish

betw een specific and non - specific PCR products 61

1G.Zoosp0rugenesisofp. |nS|d|Osum 65

17. Schem e ofthe Q vickPrep M icro m RN A Purification procedure 73
18. D iagram ofPCR - select subtraction technigque 80
19. p6 EM ® - T V ector M ap and sequence reference points.. 83

20. D raw ing of H iy ield™ Plasm id M ini K it protocol 85

21. The ¢D N A synthesis procedures 89

22. M orphology ofp. |nS|dIOSUmDIinicalisolale 98
23. D enature agarose gelelectrophoresis oftotal RN A from p. |nSIdIOSUm

strain P C 7 w hich was cultured at27°¢c and 37 °c¢ 100

24 . E fficiency of ¢D N A subtraction using specific COXIIprim ers in P CR

am plification .



XV

LIST OF FIGURES (continue)

Figure Page

PCR products of some positive clones after perform ing the colony

PCR wusing M I3pU C prim ers

N ucleotides analysis of subtracted 150 up-regulated ¢D N A clones of
p. InsldlosumstrainPC7at27°c cultivation condition w ith global

distribution ofB L A STN 108

N ucleotides analysis of subtracted 456 up-regulated ¢cD N A clones of
p. Insldlosumstrain pPC 7 at37°c cultivation condition w ith global

distribution ofB LA STN

Translationa

nalysis of subtracted ¢D N A library of p. |n3|d|03um

strain P C 7 at 37 “c condition

Translational analysis of subtracted ¢D N A library ofp. |nS|d|Osum

strain P C 7 at 27 °c condition

The functional percentage distribution o fthe genes up-regulated in

p. Insldlosumstrain PC7 was growmn at 27 ¢ condition (150 genes in

to tal) 118
The functional distribution percentage of the genes up- regulated in

p. InSIleSUmstrain PC7 was growan at 37 °c¢c condition (456 genes in

total) 119

A Annealing site for the ITS1 and ITS4 prim ers and PCR

product 120

Comoparing PCR product size betw een ¢D N A and genom ic D N A

(gD N A p. |n3|d|03um tem plate by agarose gel electrophoresis mmmmmm 122

The sem i - guantitative PCR ofCOXIIandrRNA at 30 am plification

cycles using agarose gel electrophoresis analysis 123
The sem i - quantitative PCR ofTU B gene and rR N A at 35

am plification cycles using agarose gel electrophoresis analy sis mmmmmmmmmm 124
Real time RT - PCR products of3 candidate genes were checked

using 1.5% agarose gelelectrophoresis 1217




Figure

42 .

43

M

elting p

rim er by

he am

ata anal

ifferent

he relative

tub ulin, a

9

eak analysis

real tim

y sis of

plification

th

e

R

T

LIST OF FIGURES (continue)

ofeach ge

curve of

e

tem perature

nd ochiti

n

syntha

ene, respectively)

he relationship

analysis

a

expression o

(21 °

expression

t

p. insidiosum 4. v«

N

N

eighbor

eighbor

Joining

Joining

(N

(N

)

I

o f

27 °

in 3

tree based on cytochrom e oxidase II (COX”)

tree

C

c

gene

ne am plification using genes specific
C R
rR N A

frRNA (endogenous control) under
& 37°C ) conditions
gene encoded :cytochrom e oxidase I, p

condition and

clade

based

S

0

ex pression

at2171 °c¢

n

rbD N A

f

& 3

T

e

7

S

condition

candidate

genes

c conditions

region

o f

se 1l (COXII (A), TUB(B)and ,CH||| (c)

XV

Page

144



LIST OF ABBREVIATIONS AND SYMBOLS

% Percent

°C Degree Celsius

Xq g - force

& An ampersand is a logogram representing the
conjunction word “and”.

D Beta

A Delta

0g Microgram () = 106gram

(il Microliter ( ) = 106iter

M Micromolar

A Absorbance Spectrum

Ag Antigen

BLAST Basic Local Alignment Search Tool

BLASTN Nucleotide - nucleotide BALST

BLASTX DNA - protein BLAST

bp Base pair

em. = Centimeter

cDNA Complementary DNA

Cat. Catalog number

CA Canada

CHIII Chitin synthase subunit |1 gene

COoxXIl Cytochrome ¢ oxidase subunit Il gene

CMA Commeal Agar



Cr

CV
dscDNA
dNTPs
DEPC
DNA
DNase
DW
etal.

E- value
EDTA
EtBr
EtOH
FA el

g

hr

h2)
ha?2
Inc.

ITS region
IGS

kb

KOH
KCl

Cycles threshold

Coefficient of variation
Double strand cDNA

Deoxynucleoside 5'- triphosphates
Diethyl pyrocarbonate
Deoxyribose nucleic acid
Deoxyribonuclease
Distilled water

And others

Expected value
Ethylenediaminetetraacetate
Ethidium bromide

Ethanol

Formaldehyde agraose gel
Gram ()

Hour ()

Water

Hydrogen peroxide
Incorporate

Internal transcribed spacer region
Intergenic spacer

Kilobases

Potassium hydroxide
Potassium chloride

VI

LIST OF ABBREVIATIONS AND SYMBOLS (continue)



xvm

LIST OF ABBREVIATIONS AND SYMBOLS (continue)

IPTG
L

L.

LB
min
MRNA
mg

ml

mm
mM
mtDNA

MOP
MEGA

MIP

MgCli
ng

nm

no.
NaOAC
NaOH
NCBI

Isopropyl-P-D-thiogalactopyranoside
Liter

Lagenidium

Luria-Bertani media

Minute ( )

Messenger RNA

Milligram(s)

Milliliter ( )

Millimeter

Millimolar

Mitochondria DNA

Molar

3-[N-Morpholino] propanesulfonic acid]
Molecular evolution genetics analysis
Munich Information Center for Protein
Sequences

Magnesium chloride

Nanogram () = 109gram

Nanometer () = 109 meter

Number

Sodium acetate
Sodium hydroxide
National Center for Biological Information



NJ

nd

oD

pg

pmol

pH

PCR
PDA

p - value

Ph.
pm.
rRNA
rDNA
RNA
RT
RNase

RT- PCR

SpP

SEM
D

LIST OF ABBREVIATIONS AND SYMBOLS (continue)

Neighbor-joining

The second

Optical density

Pico gram ( )

Picomole

Potential of hydrogen ion
Polymerase Chain Reaction
Potato dextrose agar
Probability value

Pythium

Phytophthora

Revolution per minute
Ribosomal RNA
Ribosomal DNA
Ribonucleic acid

Room temperature
Ribonucléase

Reverse Transcriptase - PCR

Second ( )

Specie ()

The first
Sevedberg unit
Standard error
Standard deviation

XIX



LIST OF ABBREVIATIONS AND SYMBOLS (continue)

SDA Sabouraud dextrose agar
SDB : Sabouraud dextrose broth
SSH : Suppression Subtractive Hybridization
SSKI : Supersaturated potassium iodide
TBE : Tris - horate EDTA
TE : Tris- EDTA (buffer)
Tris = Tris (hydroxymethyl) amino - methane
Taq = Thermus aquaticus
Tm = Melting temperatures
TUB : D tubulin gene
: Unit () of enzyme

USA : United State of America
UK : United Kingdom
uv : Ultraviolet
V : Volts
viem : Volts per centimeter
wt/wt : Weight/weight

IV : Weight/volume
X-gal : 5-bromo-4-chloro-3-indolyl-P-D-

galactopyranoside



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



