It is know n thatthe transition from environm ental reservoir into a hum an host
is associated w ith tem perature-regulated and virulence-related genes that contribute to
pathogenesis of pathogenic organism s such as bacteria, fungi and protozoa Some of
the gene products encoded by bacterial tem perature-regulated genes are considered to
be true virulence factors such as MyCObaCterlum tUberCU|OS|S (206) In pathogenic

37°
fungi, the ability to grow at Cisaprerequlsile for fungal pathogenesis, and failure

37°
to grow at Cisprediclive of attenwuvated virulence, exam ples of w hich have been
reported on diverse of hum an fungal pathogens such as C. HGOfOTmanS,A.fum|gatUS,

. schenckii ..« H. capsulatum ¢zo 7219,

In fact, ' |nS|d|Osum has evolved both pathogenic at 37 ¢°¢c and saprophytic
p

lifestyle of 27 °¢ (97) In M ycology Unit, Faculty of M edicine, Chulalongkom
U niversity, all clinical isolates grew better at 37 °c than lower tem perature, 27 °c¢
This observation w as supported woith the reported by R avishankar et al (38) and
Supabandhu et al (143), that they revealed the ability of p. |n3|d|03um to grow in
optim al tem perature ranging between 30-37°C and com plete inhibition at 40°c, these
were unigque characteristics shared by the clinical and environm ental p. |nS|d|OSle.

The genetic factors that are required for grow th at 37 °¢c m ay be w orth considering as

one from various factors forpathogenesisofp. Insldlosum.Theaim o f this dy w as

characterized the genes effected by tem perature grow th at 37 °c¢ ofp. InSIdIOSUm.
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The clinical isolates from hum an pythiosis were identified by sporulation and
PCR technigues based on ITS region. A Il isolates w ere positive in both technigues but
the 700SpoOTeE induction m ethod requires the steps of subculturing and 200SpPOTE
induction w hich are tim e-consum ing and labour-intensive. The result of this step
agreed w ith the previous reports that the PC R based m ethod using ITS region, is a

proper choice to develop and facilitate rapid identification o f p InSIdIOSUFﬂ (26, 111

143). In Thailand, the first report of anim al pythiosis was recently identified and
reported by B anrunava, etal (data unpublished), and included in this study (strain

PAC2).

There are m oany high - throwughput technigues that can be used to study
transcriptom e including D N A m icroarray, subtractive hybridization and suppression
subtractive hybridization (SSH ). 0 f these, D N A m icroarray m ethod is certainly the
m ost w idely used but the least of sequence analysis inform ation is a lim itation. T his
draw back can resolve w ith §SH method because it does not require any prior analysis
data of the exopression profile as required in the probe selecting step in m icroarray
(211). M oreover the SSH based on suppression PCR approach has been suvccessfully
used to identify genes response to tem perature stress It was showed the ability to

detect novel genes in M aize, Poplar and FEStUCaspp (212-214). A s the dincubation

noroutine laboratory were 27°c. And the average

tem perature for clinical isolates

tem perature for 10 year period in B angkok M etropolitan, T hailand (1997 - 2007) from

Thai M etrological D epartm ent was around 26 - 30°c¢c (215). Then, the tem peratures

used in the SSH experimentwere 37°c¢c and 27 °c.

Six hundred and six inserted clones outof all white colonies (1,200 colonies)

from both subtracted ¢cD N A libraries w ere detected from S SH experim ent. T hese
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colonies were subjected to B LASTN and BLASTX analysis. A fter the analysis, it w as

found that m ore than 60% of subtracted ¢D N A libraries w ere sim ilar to the available
sequence databases in G enBank. A nother 40% rem aining w ere found as unknown
sequences, possessing either up or dowwon - regulated genes at 37 °c condition. D ue to
the very few inform ation of genome sequence and be overlooked on this organism ,
these unknow n genes are very worth to study their functions.

A m ong the known genes obtained the data from G enBank, most of the
inserted clones possessed rR N A sequences an d m itochondrial sequences, after
BLASTN analysis I'n term s of B LA STX analysis, several genes were related to
senescence-associated proteins, involved stress response m echanism . It w as believed
that these proteins com pensated th e ribosome assem bly and m aintained the

translational process by binding to 58S RN A (216). At this point, the result of B LA ST
analysis focused on the m itochondria m echanism affected from tem perature stress
condition. T hese inform ation were corresponded to the report by Schmitt etal.They
revealed thatm itochondrial proteins synthesis is a therm osensitive process (217). Al
the above data obtained from the S$SH ¢D N A libraries at 27 ¢ and 37 °c conditions. It
is rem arkable to note that the optim um tem perature for grow th of p. |n3|d|03um is
37 ¢ Then the stress tem perature m ight be the lower one or the tem perature of its

natural habitat (39). A nother four knowwan functional groups of genes derived from

tem perature at 37 °c¢ condition woere linked to protein carrier, cell cycle, signal
transduction m echanism and proteolysis functions. Two encoded genes; phosphate
carrier protein and inositol - 3 - phosphate synthase were the m em bers in a fam ily of
m itochondria protein. T he previous publication revealed that m yo - inositol, an

essential precursor for phospholipom annan, played an im portant role in Candlda.
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Phospholipom annan, a fam ily o f glycophosphatidylinositol (G PIl)-anchored
g\ycolipids\ocaledonthecellsur!aceofcandida, is involved in the pathogenicity of
this fungus This com pound binds to hum an m acrophages and also stim ulates the
m acrophage (218). Thus, phospholipom annan is considered a virulence factor in
Candidaandhasbeen show n to possess im m unom odulatory properties such as T N F -a
induction (219) The third w as gene encoding serine carboxypeptidase, one kind of
proteases, plays a significant role in the molecular dialogue in the host-parasite
relationship. This result agreed to the previous data of R avishankar eta|(39)lhatlhe
extracellular proteinase was increased w hen p. |n5|d|03um was cultured on protein
rich - moedium and incubated at 37 °¢c (38-39), m VitrO.They concluded that this
protein is a one factor w hich help the hyphae to penetrate or invade into host tissue

(39)

is surprised that the last one was sim ilar to gag polym erase gene As we know

that this gene locates in viral D N A |

Even thowugh S SH is cone of the powerful tool to isolate the differentially
expressed genes, the drawback of false positive gene can be found (220) To detect
the true positive gene, another approach of the sem i - quantitative P C R is perform ed
(221) In this step, the specific prim er pair w as required B ut w ith the Rsaldigestion
step, the obtained ¢cD N A fragm ents ranged from 200 to 1,000 bp (average ~300 bp)
(53, 173). Thus, the incom plete ¢D N A fragm ent w as obtained This s one of the

hindrance to design specific prim ers for all 4 enes from their sequences. M ore

ex perim ents to obtain the full length of the functional gene, such as R A CE PCR and

inverted PCR should be tried N ext, the function () shouwuld be determ ined by

m utation, and sm all interfering R N A (siR N A )
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Fortunately, there was a review literature explained that the virulence genes
of the oom ycetes, fungal phytopathogen in the sam e fam ily ofp. |nS|dlosummostly
related to c¢hitin and structural proteins (222). Based on these inform ation and their

genetic sequences in G enB ank, three genes, cytochrome ¢ oxidase subunit Il (COX

Iy, p- boulin (TUB), chitin synthase subunit Il (CHl 1)y, were fetched. The specific
prim er of 2 genes;TUBand CHlII,were designed in this study w hereas those of
COX I was referred from Voilla eta|(19A).To exam ine w hether these genes w as in

the SSH ¢cD N A libraries or not, PC R wusing these ¢D N A as tem plate w ere carried out

w ith the above specific prim ers.

To perform the uantitative exopression level, real tim e R T - PCR , was

selected as the confirm ation m ethod (223). The norm alization strategies w ere the
prioritized process in controlling the experim ent and technical variation. T o achieve
g uantitative analysis, endogenous housekeeping or reference gene is indispensahble
(224-225) A s m oentioned above, no such a sy stem has been established for p

mSldlosum gene exopression assays. T here have been several studies in eukaryote gene

ex pression using glyceraldehydes 3 - phosphate dehydrogenase (GAPDH),p -oactin

(ACTB),RN A polym erase Il (RNAP”),ribosom al protein L 13 (L 13) gene, p - tubulin

(TUB),lSS and 28S rR N A as a howusekeeping gene (226-230). From result of sem i
guantitative PC R, 28rR N A showed the consistence expression in both tem perature
conditions, thus it can be wused as a control. To wuse this control, there have been
am biguous supports (231-232). The reason why 28rRNA was notin popular due to its
disable to annealed w ith oligo (dT ) prim er during ¢D N A synthesis (202). H owever,
there woas an evidence to support our sy stem to use this control instead o f

housekeeping genes (225). A Il three candidate genes were subijected to investigate
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their expression level by real time RT-PCR . The result showed that only COX”gene,
encoded cytochrom e 0o x idase subunit 11, expressed at 37 °c¢ higher than at 27 °¢
condition‘COXIlgene is a part of cytochrome oxidase com plex, located in dinner
m itochondria mem brane. Since the structure of this com plex contain a pore, it m akes
the m ovem ent of protons from the m itochondria m atrix to the interm em brane space,
generating the proton gradient for A TP synthesis in fungi (233). In yeast, and higher
planls‘COXIIissynthesizedasaprecursorproteinonmitochondrialrihosom es (234 -
235). Another support was found the tem perature dependenlCOXIIexpresswun in
SaCCharomyCeS CereVISlae tem perature sensitive strain using m utation by changing

A laigy o f the Cox?2 protein to proline (236). 0 ur study suggested that COX [l

expression in p InSIdIOSUIT] is tem perature dependent.

A nother tw o genes, TUB an d CHlII, they woere located in nuclear D N A

Their expressions at both tem perature were difference w ith non-significant (p>0.05).
N o evidence from the related organism of the expression of these genes was found.
Thus, the expression of both genes was tem perature independent. This result provides

the novel supporting to apoply TUB and CH I || as housekeeping genes in gene

expression o

p. insidiosum.

R egarding to the phylogeographic preferences ofp. InS|dIOSU|T] as m entioned

before, three clades, oo, and Il w ere separated (26, 31). Presently, there still no
answer w hether the expression of certain gene depends on the geographic distribution

or not. T hen,

sing isolates from all clades woere determ ined. Indistinguishable

expression of all three genes was detected at 27 “¢c condition. 0 nly CHl”showed the

clade dependent at 37 °“c condition. T he relationship betw een geographic preference

and exopression ofCHlII gene is concerned and required to further study.
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Recently, phylogenetic analysis o f the environm ental T hai strains o f p.
|nS|d|OSUm using the 1T S regions revealed that these strains shared phylogenetic
features in com m on w ith the clinical isolates recovered from hum ans and anim als
(143). In all 3 c¢clades, Schurko etaldescribedcladec com prised of cryptic group of
p. InSIdIOSUfn (31). They believe that this group m ight represent new phylogenetic
species of this pathogen. T his notice needs to investigate phylogenetic relationship
using other genes. A m ong genes encoding proteins, very few reports are available on
theuseofcytoshromecoxidasesuhunitll(COX!l)andp»luhulin (TUB)genefor
phylogenetic studies in G enus Phytophthoraand Pythlum (19 4). T he COX Il genes
were applied and succeed to phylogenetic relationship study, whereas another gene
rem ains to be exam ined. U nlike the IT S regionLCOXllgene is a m itochondrial-

encoded gene w hich is generally considered to be m ore variable than the genom ic
D N A . T his gene woas used to analyze phylogenetic trees in Pythlum spop . and

Phytophthora .o, 257255y

Phylogenetic analyses using COXII and ITS regions placed the thirty -three

isolates ufp. mSldlosum into three m ain roups: Ath,Bth,and Cthnlusler (Figures 42

and 43). In the COXIIphylogenet\c tree the tw o A m erican isolates in the s\usterAth
(eqguine isolates, from C osta R ica and T exas) were separated from the other thirty-one

P. INSIAIOSUM + v st tvorares tocates in crusiers Bthaos Cth-seses o0 P. inSidiosum
1T S region Schurko et al. found three clades am ong m am m alian isolates o f p.
inSidiosum designated as clades o1l and 11l (31). These clades have strong
association w ith the geographical regions w here the isolates w ere recovered. R ecent

phylogenetic analysis in T hailand using the ITS D NA sequences ofenvironm ental p.
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|nS|d|OSUm showed sim ilar trees c¢lustered in three strongly supported clades (A, B,

and C ) (143). These IT S
O ur study suppo
woere placed in cluster

analyse

rtoprevious

Ath

in

reports

both

(T able

COX

25). T h

and T

e M

s woere sim ilar to thatreported by Schurko etal(Sl).

TPIO4 and M TPIL1Y

phylogenetic trees.

Environm ental isolates from Swupabandhu etal(lAS) woere com parable to thand Cth

and clade B and C of Supabandhu etal(ua)

in this dy and clade 11 and 111 of
Schurko etal. (31, 143). The COX\Igene analysis showed higher resolution than
phylogenetic analysis using ITS DN A sequences (31, 143). A lthough an TS region

has been widely used in p
genes coding for m etabo
m icroorganism s. O ur res
phylogenetic tree than ITS
used as a novel m arker fo

hylogenetic
lic

proteins

ults show ed

Therefore,

studies for over
are becom ing
wae COX
the use of this

a decad

better

gene

coding

e, som e

candidates

generate

gene

new ly proposed
for studying
moore resolved

sequence should be

rthe phylogenetic analysis of p. |n3|d|03um. M oreover, our

phylogenetic analysis using COX\I gene placed Pythlumspp.in a m onophyletic group

distinct from the isolates of BaS|d|Ob0|US me”StOSporus (data not shown).
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Table 25. Showing the cluster term inology obtained from the phylogenetic analysis

o f three studies including the present study C lin clinical source, env:

environm ental source

This study Supabandhu et al,, 2008 Schurko et ai, 2003
(33 isolates) (ITS, 59 isolates) (ITS, 23 isolates)

coxll
(558-564 bp.)

(clin..env, = 2:0) Ath
from Costa Rica & Texas

Bth:
(clin.env. = 6:15 Bth B I
all from Thailan

Cth:
(clin.env. = 6:4) Cth
all from Thailand

ITS1-ITS2 Region
(871-898 bp.)

(clin.:env.'= 2:0) Ath A
from Costa Rica & Texas

Bth:
(clin.env. = 6:153 Bth B I
all from Thailan

Cth C [l
(clin.cenv. = 6:4) Cth
all from Thailand



In conclusion, this study showed that
1. SSH ¢D N A libraries from 27 °¢c and 37 °c were constructed
2 Expression system for p. |n3|d|03um system using real tim e R T -PC R w ith
28S rR N A as a control was constructed
3 The expression ofCOXIIdependsonIemperature‘lhatisat37°cisover
at 27C condition
4. COXIIgeneis the good candidate gene to reveal the genetic association

ofp. |nS|d|Osum. It also is an alternative gene of ITS, commonly used to

the phylogenetic study.

Future w ork

1 To describe the relationship betw een the expression ofCOXII on the
pathology of the disease that still requires more study about functions,
targets and ultim ately how the expression and translation are regulated

2. The up - or - dowwn regulated rem aining genes from SSH ¢D N A libraries,
such as serine carboxypeptidase, m yo-inositol phosphate, phosphate
carrier protein and unknown clones are required for further investigation
on identification and characterization The gain of these inform ation w ill
provide the understanding of pathogenesis in the genetic level. T his s

very useful in finding effective treatm ents and protection in the future.



	CHAPTER V DISCUSSION AND CONCLUSION

