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Abstract
Project Code: DBG5080010
Project Title: The effect of secreated bacterial substances upon the growth of Pythium insidiosum
Investigator: Assoc. Prof. Dr. Chularut Prariyachatigul

Faculty of Associated Medical Sciences, Khon Kaen University

E-mail Address:  chupra@kku.ac.th
Project Period: 3 years

Pythiosis is a disease caused by Pythium insidiosum , a pseudofungi that has hyphae but the
component of cell membrane is different from other fungi. The infections occur in many kinds of mammal
such as dogs, cats, horses , cattle and especially in humans. The clinical features of pythiosis are classified
into 3 forms (1) cutaneous and subcutaneous form causing granulomatous infections in the skin (2)
opthalamic form with eye infections such as keratitis, corneal ulcers and cutaneous or subcutaneous
involvement (3) vascularitis form affecting vascular tissue and resulting in arterial occlusions or aneurysms
leading to gangrene or vascular rupture, respectively. Because of it do not used and synthesize sterols in the
cytoplasmic membrane as do members of the kingdom Fungi, treatment of pythiosis with the usual battery of
antifungal agents such as amphotericin B, Itraconazol, Imidazole is unaffected. Most surgery has been
frequently used, but reports of failure or relapses with these procedures are common. In nature, P. insidiosum
inhabits swampy areas and the infective stage is biflagellated zoospores that can swim to attach and invade
host tissue. According to this, our aim of the study was to screen biological activity of bacterial metabolites
which isolated from aquatic environment to inhibit the growth of P.insidiosum. A total of 88 bacterial strains
were obtained from aquatic environment after co-cultured with a human pathogenic fungi, P. insidiosum.
Among these, 17 isolates exhibiting an inhibition effect and one strain with a strongly activity as ST1302 was
selected for further study. This isolate was identified as Pseudomonas stutzeri based on a morphological,
cultural, physiological, biochemical characteristics and confirmed with VITEX2 system analyzer. Culture
filtrates of the ST1302 inhibited the growth of P.insidiosum, whereas bacterial cells are unaffected. It mainly
reduced hyphal extention compared with control strain. The antifungal compounds were extracted with
dichloromethane and detected by disc diffusion assay against P.insidiosum. Purification was performed by
column chromatography and eluted with methanol in dichloromethane. A complex fraction called P10
showed interesting antifungal activity. It was selected and purified by column chromatography, elution with
ethyl acetate in hexane. The deep white and powderly compound designated as FS7 was purified, and further
purification by crystallization. Based on a spectroscopy technique, furrier transform infrared (IR)

spectroscopy and 'H NMR analysis, FS7 consider to a group of ester compound. This is the first report to



describe an antifungal property of a crude extract from Pseudomonas stutzeri among aquatic microorganism
against P.insidiosum. The result indicated that the P.stutzeri strain 1302 might have the potential possibility to

be used as a source of probiotic of a novel antifungal agent in the future.

Key words; antifungal compounds, aquatic microorganism, Pythium insidisoum
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4
%

1 o a 4 I~ 1 @ a a a @ 3
P.insidiosum W‘U’Nfli]‘ﬂ‘ﬁEI‘UENi]’ﬁlﬁ/]?El‘ﬂﬂfffJUhlﬁﬂﬂ’ﬂﬂﬁﬁﬂﬂﬁ?ﬁllﬂﬂﬂﬂ%cﬁlﬁﬂ e YINMUaa muu'ﬁq

Q

14 lanas Islimuieanaasduganae

Y o 2 4 v ¢
4.3.1 MIN3ENTIVENINUABUYO Psuedomonas stuzeri aBWUE 1302

= Y ' o & & A & & . .
MIATeNA06199 Taaaeusonunnize 1o 1M1510891%01%a7 Brain Hear Infusion broth (BHI)

a =

a a { Aa aa o ] { I [
151105 20 Aashiussyluvrauiivaaag 500 Haaaas 1hlduigugil 37 esrwadea iunar 3 Ju

Q G

P, "y < ' a3 o o s Y, A d d‘ D, <
NWIDUIVYIIAIIAITULTID 200 FDUADUIN Lﬂllu’]‘ﬁllﬂﬂJ"ILlfJﬂlc]fﬁﬁ@f‘]ﬂﬂ’lﬂ!ﬂi@ﬂfﬂulﬁ38\31@81%?’1311]&53

a =

' v & o ' v o 9
8000 FOUADUIN Noannd 25 oeasaFod 1tural 15 win hdrulanld I lFiduduvuTasls

Q u

INTBITLLNBLNA (rotary evaporator) dnand U ladududszanm 2 aas vhaulanim idudulasly

o

A Y v 9 v o a A = Yo 1 J 1 @
!ﬂﬁﬂﬂiglﬂﬂllﬂﬂﬂ'lﬁﬂﬂﬂ'JEJ@']')‘Vl'laga'lﬂ'f]uﬂiﬂllﬂﬂﬁﬂiﬁﬂlﬂu IﬂEJGIJ‘H’E']G]i']ﬁ"JuiZW'J'IQﬁ'JuclﬁLLﬁZ@'J'V]'I
a S 1 a o o Ay Y Y 9 : Y
azawdunsdedeay 1 ae 1 (Iaelsuas) thasananla lUsemendedienied rotary evaporator 1182

3 o 1 Y K A4 o Y a .
lﬂﬂ@’J@8131311&%3@@,@?]31“%““/‘]@“’]“’lllﬂﬂclﬂﬂiqm‘ﬁ@ﬂvlﬂ

a d (v a a
432  msaanzrasanalanaelsimulasdtlasuninas i WuyuAIv1e (Thin - Layer
Chromatography: TLC)
azaeasanalanae Tstmunldainds 4.3.11u'laaas Tstmu udmeaasuuuny TLC Tasd
) A Y I Y] Y A o ] A Y]
sTUUAIMIaZ a8 (solvent system) N 1Fdudrmldarsaaon Taeiimsdsussuumemszuuvesdam
A 9 = Y
azareinzaulumsuenaisdiugadn laun

- Normal phase system

1. Methanol : Ethyl acetate 40 : 60

2. Methanol : Toluene 40 : 60

3. Ethyl acetate : Methanol : Acetic acid 75:25:5
4. Butanol : H,O : Acetic acid 4:1:1

- Reverse phase system

1. Methanol : H,O : Acetic acid 20:80:1
2. Methanol : H,O : Acetic acid 30:70:1
3. Methanol : H,O : Acetic acid 40:60:1
4. Methanol : H,O : Acetic acid 50:50:1

5. Methanol : H,O : Acetic acid 80:20:1
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6. Dioxane : H,0O 20: 80
7. Dioxane : H,0O 50:50
8. Dioxane : H,0O 80:20
9. Ether : H,O 20: 80
10. Ether : H,O 50:50
11. Ether : H,O 80:20
12. Acetronitrile : H)O 20: 80
13. Acetronitrile : H,O 30:70
14. Acetronitrile : H,O 40 : 60
15. Acetronitrile : H,O 50:50
16. Acetronitrile : H,O 80:20
17. Acetronitrile : H,O 20: 80
18. Acetronitrile : H,O : Acetic acid 20:80:1
19. Acetronitrile : H,O : Acetic acid 30:70:1

Y H H 1
nniuasaeud eI iuen 1d Tasmsdosgalronasaginnuenau 254 uag 365 u1lu

Y A [ [~ S dy a A S A dy o W
AT UAITUUUNY TLC 3ISUBDAURUIATU N UUNUTVYD UASTUIUTDIUUTIVUNUVI A1ua1al

Y A

d
4.3.3 Mmasgnasanalanaslsimuliusanilasdsaeanilassninnsil (Column

Q

chromatography: CC)
=~ [ g =) Y] 4 9) ] -4 a 9
mMawenneaul Insu Inns il i Tasussgneauil (VNAGUAIUEUINAIN 2.5 IHUAILAT)AIY

HAFAMUUIA 0.04-0.06 uu. Tagl¥raFan 50 nsunomsana 1 N5y Haumzamiu lanae Tstmuldin

v
S =

Y] 9 o @ 3 9 Aaa 1 [ 4 9 A 9 @ s A v A 9 a
i 1¥daeandarenoduilianios msan laneauu uaumziun 9 NU19ADAVILNOUSURIN TNV IR

E)

a o o aa ] @ Jd o [ [ '
amldGeuauenuuazi liuesFanmussyuduluneaind ihansana lanae Tslimu 0.88 a3y (11ndIu

% [

A a A @ aa 1 o 4 qaxl {
laisudu 6 ans) Angniumganiudrldaslunedu Mniurzdreszuudamnawaasluaisei 1 uda

a Aaa

I 1 [ a i 1 09; [ Y 4 )
NUTTUAAZTIU (fraction) Tagdsuasinuluuaazasunmny 50 Maaﬁ@]ilﬁ@uﬂﬂllﬁllé}?u']‘lﬂﬁglﬂfJ

Y 9 A Y o 0 < a Y 1 9 A A
HYNAVUATONT SN ULUMIFUYINA uWNWﬂWﬁi?ﬂl“ﬁﬂIﬂﬂlﬂﬂUﬂ TLC Ua3d939a8vanagInniugnay

254 uaz 365 w1 Tuwas hadwniiygauuudu TLC Adumiafsrnuniuiuudailddhazateszine
1 shuerdauiiven 1dnTid wnisuusu TLC Amdounu 3 lunquidernwieild1dlumsnaaeu

antifungal activity o 11/
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q’ ) ~ 9 as ] o ~ ] ns/} I
M319N 1. uaasszuuaImnlslunsuenais Iagisasauil lasur Inns i uusasnavuaeentilu 10

Y
nay AN RfLLE’I%Waﬂ13VIﬂﬁ@‘]Jﬂ"li&gl}”luﬂﬁliliiUu@i’]Lﬁdlf’f) P. insidiosum YDIAIUAAE N

Combined
Eluent Fraction Group
fraction
CH,CI, 1-17 7-9 T1
16-18 T2
25-27 T3
1% MeOH : CH,Cl, 18-73
40-42 T4
52-54 T5
2% MeOH : CH,Cl, 74-85 76-78 T6
3% MeOH : CH,CI, 86-94 91-93 T7
4% MeOH : CH,Cl, 95-97
5% MeOH : CH,CI, 98-102
10% MeOH : CH,Cl, 103-109 106-108 T8
20% MeOH : CH,Cl, 110-114
30% MeOH : CH,Cl, 115-117
40% MeOH : CH,Cl, 118-121
50% MeOH : CH,Cl, 122-124 124-126 T9
60% MeOH : CH,Cl, 125-127
70% MeOH : CH,Cl, 127-129
80% MeOH : CH,(ClI, 130-132
100% MeOH : CH,Cl, 133-138
1% GAA: MeOH 139-148 142-144 T10
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5. msAn¥IANEAE paENTAvesmsMugasNInemsImsIHmanidl

5.1 Infrared spectroscopy (IR spectroscopy)

AnB1 Infrared spectroscopy ¥30 IR MAIAIFUNTFING AnzIndrenans Wr1InedovouLny
TasldinTeq Taamoudaednltedlugveausiu KBr Tasnaundnaisdiedadium KBr (egluanin

Y = Y Y o Y o o & ' = ' Y}
!LTN) Uﬂﬁglﬂﬂﬂﬁl‘ﬁL"lﬂﬂuLLﬁ’Jqulﬂ’é)ﬂL'l]uLLWH‘UNGI;?(“]NLLﬁQﬁWNWiE‘IWWH‘ﬂ%Qqﬂ

5.2 Nuclear Magnetic Resonance Spectrometry (NMR)
AN 'H-NMR (400 MHz) "C-NMR (100 MHz) DEPT COSY HMQC 4ta¢ HMBC NOESY spectra

H a a 4 a o ] Y 4 .
AMAI Al AnLInemans urIneaosedlnilasldnToe Varience Model YH400 spectrometer 1A

%

IM1azany (Deuterated solvents) 114 18un aasTslasy (chloroform-d : CDC,,)

6. M3fnEIANNETINIAIUMsTUTINSIYAVIAVEUYS P.insidiosum VoIa5MUATNIALID paper

disc diffusion

6.1 MIIN3LYD P. insidiosum

a

9 Y E4 Y v
Q00 P.insidisoum UUDITIA8UF0 Sabouraud Dextrose Agar (SDA) LuNgaivini 25 9e

U

= <3| @ 3 o dy A a dy zﬂy @ I ¥ a o
rased 1ual 3-5 mﬂuumwam%iiyuumumﬂﬁmmwﬂmﬂﬂclwllmmm 1x1 L%ummmm"lﬂ

% a =

Y 4 [ { [ @ QEJ} 4 { a
'J’N‘Uu%’]uﬂ’]ﬁ’]ﬁlaﬂ\u%@ SDA oulni Uﬂﬁqmﬁﬂﬂ 37 e aiunan 3 3“ﬂ1ﬂHULﬁﬂL%@LﬂiﬂJ

U

a A

9 Y F4 Y
Tag Lifimsduilouninyegadnouiairldldmaaeuanuamisalumsdvdimsniyavlnvouioe

P.insidisoun MINA1IAWYaTNAADININATOD

b ¥
21Nsasae SDA

g .
e P.insidiesum

Paper disc
@ Bmm

v A Y
57 3 MsAnYINMITVEINMST YT P.insidisoum Taod13@ 170N 1Ae35 paper disc diffusion
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wamsfanyazeniliana

o o da o o o a a 1
1. msfanseauafiGameiugidnnuannsalumsnasnsmugaindudimsndyivlnvouie

P.insidiosum

]
a

A A VoS A o oA P o oA v y A o o
fl]'lﬂﬂ'lillﬂﬂi!aulﬂifJfl]’lﬂLLWa\iu’l!W@ﬂﬂla@ﬂﬂauﬂiﬂﬁ']ﬂwuﬁ ﬁﬁ']\iﬁ’]iﬁ']u@aﬁlfWEJUﬂ\iﬂ’]i

=

Qe

aviua 88 o Taian uaniiieq 17

=

a a dy . L. an 1 a Y Y
Lﬁ]ﬁQ}JLG]“]JIGI"II@QL‘]S@P.Instdlsoum Iﬂﬁl’)‘ﬁ spread plate WU'JWLLEJﬂﬂﬁUﬂiEJhlﬂ

H k4 Y F4 H
loTmaanaunsodudamsnsyauTnuouio Pinsidisoum 18 wamsdedrodraudonuniiEeniiunms

= Y] A A Y a wva a A ~ a J o o [
@li’mﬂi’EN"l‘ﬂ@li’J%ﬂ\1ﬁ%ﬂﬂﬁﬂ‘lﬂﬁ"ﬂ‘ﬁﬁ)ﬁﬂ;]Uﬂﬂﬁﬁﬁ“ﬁ’n‘ﬂiﬂ IN‘WEﬂ‘]ﬂaﬁiuﬂiu‘ﬂi WNIAVDULNU HA

F4 Y
v A

I~ [ ~ 9 = an = [ A J A o
MIATINYUAINITNN 2 LAAINANITIOUTUNTNLAZNTIUINFODITLAVAUTT WULFOTIUIU 4 A1
I o

4 Aq ¥ < . .. . = @ aa o
NWUTD (31.25%) Nviwanm a5 Low discrimination ttagdl 1 @1giuinswun lagn1snsinileng lag

E]

ax o Y a vAa
EMInTlszimeviestiams

¥
S J A

d’ o ~ A A d’d va [ 2}’ a a dy
M1319N 2 Waﬂ1iiﬂlluﬂﬁ‘ﬂﬂfﬁﬂlﬂﬂﬂf@tlﬂﬂ‘ﬂliEJ‘VIlIﬂiL!’ﬁiJ‘]JG’]Gl,‘Llﬂ158‘]JEJ\1ﬂ1§H]5i1JW]‘UIG]6U’ENL%E]

P.insidisoum

Bacterial NO. Gram stain Identification VITEK 2 system
confidence level
1. RR 2512 Gram negative coccobacilli Acenitobacter baumannii 99%
complex
2. RR 3601 Gram negative bacilli Enterobacter cloacae 93%
3. RR 3604 Gram negative bacilli Enterobacter cloacae 93%
4. RR 2501 Gram negative coccobacilli Klebsiella pneumoniae ssp 93%
pneumoniae
5.RR 2503 Gram negative coccobacilli Enterobacter cloacae 99%
6. RR 2504 Gram negative coccobacilli Enterobacter cloacae 99%
7. RR 2401 Gram negative bacilli Plesiomonas shigelloides 99%
8. RR 2206 Gram negative bacilli Aeromonas sobria 98%
9.RR 1302 Gram negative bacilli Pseudomonas stutzeri 99%
10. RR 40801 Gram negative coccobacilli Acenitobacter baumannii 99%
complex
11. RR 62302 Gram negative coccobacilli Acenitobacter baumannii 99%
complex
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Bacterial NO. Gram stain Identification
12. RR 3602 Gram negative bacilli Low discrimination
13. RR 2502 Gram negative bacilli Low discrimination
14. RR 2201 Gram negative coccobacilli Low discrimination
15. RR 40803 Gram negative coccobacilli Low discrimination
16. RR 1301 Gram positive bacilli suspected Bacillus spp. (Routine biochemical test)

A 9 1 dy A o 1 9 dy v Jdo 1 dy
%1ﬂNaﬂTi@]iﬁﬂﬂulﬂWU?TL%ﬂ!LUﬂﬂliﬂﬂﬂﬂﬁTJ‘]Ji%ﬂE]‘]J1ﬂﬂ38!°§@ﬁ1ﬂwuﬁ'ﬂﬂﬂﬂl‘lﬂu

Acenitobacter baumannii complex 3 ﬂﬁu‘ﬁ: Enterobacter cloacae 4 a0 ﬂﬁu‘ﬁ:
Klebsiella pneumoniae ssp pneumoniae 1 @1 ﬂﬁu‘ﬁ: Plesiomonas shigelloides 1a ﬂﬁu‘ﬁ:
Aeromonas sobria 1 oWy ‘ﬁj Pseudomonas stutzeri 1 oWy ‘ﬁj
Bacillus spp. 1 oWy ‘ﬁj Low discrimination 4 Wy ‘ﬁj

VI v O a A X e . oA A 2
ﬂ'Ji’)flN!!ﬁﬂﬂﬂ]iﬂ‘UﬂQﬂ15!ﬂiﬂlo!ﬂﬂiﬂ‘lli’)ﬂl‘]ﬁ’) P.insidiosum 1NHUAYUYIUVATIY

v 4 Y Y 4 Y
51U 4. udaansduamss AL 1Av0 s Pinsisiosum MNMINASUFOUUANIGY A: 1NATIA mixed media
Y 2 9 9 v Y Y 9
Tasmsnauiin@suyeo: 1M13@es0 (Sn31a87U 1:3) B: INANA spread plate Tagldinaesase 100 Tula

4 v Y A
803 C: 130 P.insidiosum N3 YUUBDINI 1289190 Sabouraud dextrose agar (SDA), 528217019 U



21

=< as G U v (% Z ng & a A Y a G Y
2. fﬂiﬁﬂ‘HTJﬁﬂ1§!ﬁ§ﬂﬂﬂ]§]ﬂ1d!m$fﬂiﬁﬂﬂ‘uHaﬂﬂ!‘lﬂ’]‘iﬂﬂ!!‘uﬂﬂ!iﬂiﬂfj‘l‘ﬁﬁﬁﬁ]u‘ﬂifﬂuﬂ1§!lﬂﬂﬁ1§ﬂ11—!

a

A 4 o d Qd
a¥NNNAA YD Pseudomonas stutzeri a@iug 1302 1¥uSgqnd

Q

oD

= o 1 :I dy dy Y 9 9 d? an o o Y 3 9 o
1nMIAsoudledeiudsase ldiduduiuaeads laon1sih lud 1M idunaniaainnisi

0o q ¥ Y Y y A Y o o 1 ! S & & o

freeze-dry ttazm 3 1¥utu Tae141n504 rotary evaporator ttdthidaedaulavesinasause lana
9 v o a =4 [ = o (] o Y I Y v Y v o a aQd Y
AediazaneduNsInuNMsmseudlee1e lasnsi Iiidunaiananadiediiazaieduniudn
~ [ 9 1 [ c?/l a dy . L. 9 % [ ~ o Yy I 9 d? Aa A [
a13nana @ lignsodudimsniyveade Pinsidiosum 18 drudiedanim liduduiunn@uaum

4 o o o o a 4 o o a 4 1
Tae141n504 rotary evaporator ua3hmanadediazaredunsd Taslddiazaredunsd laun la
=\ a a a o 1 oy dy dy 1 A add 1

Aaa sy eflaezFan uay Jimuea ludasiarvinasadensasazaredunsaiu 1:1 wuas

Y Y [
analanae Islimuldwalumsdudamsnsy@ulaveude Pinsidiosum 1danga

Ethyl acetate

Butanol

Dichloromethane

d' [ 9 =S Y v o a =4 a A = a a
siUn 5. UAAINAINNITANATITAIUIATNAIIAINIASANWOUNTY 3 HYUAND hlﬂﬂaﬂiillmu BTADSHIAN

U

k4 Y
azuInuea GI?Jﬂﬁgﬂﬁx‘lﬂﬁﬁ]iﬂ{!i@ﬂi@ﬂlﬂ\u%@ P.insidiosum
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2.1 M3EUEINII YT Pinsidiosum Tuadrulanazmsanalanaslsiimu
= 9 A v [ = [ :J’ a a dy
namamsaneluden 2 wunesanalaaas Istimumuisadudimsniaan Taveude
v I v Y s 2
P.insidiosum laafga Sniunldinomsuenaisdugadni Ido e Psmwizeri 1302 TRUSqns iivefnu
1 9 Y v 4
auian1e q vesesAugadw efnyimamsdudinmsnsyanIaveuseo Pinsidiosum 531319111804
dy o = 1 A A [ 1 g’ dal tj’ v =
1o, Msana lanae Islmuuazdinlaimasnnmsana wuinindeuseuazarsana lanas Tslimu
o 3 a dy . .. Y A 1 A A v
AWNTDTUTINTNTYVOUTO P.insidiosum 19 IWvmzdrulaimasnnmsanauazarsazaielanaols

Y F
T (@sazanenuan) luawnsadudimsniyveute Pinsidiosum 18

dichloromethane

aufimie
1AN50NA

dndmiivabe P.stutzeri 1302

D-

9 Y 9 Y Y
s 6. uanmamdudimansyanlaveuse Pinsidiosum Mnadlavenindende Psmizeri e
o & o = ;oA A o =
Wug 1302 wazensana lanae lslimuy, druimdennmsanauazaisazate lanaelslimu (asazas

AIVAN)
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i v
a A A )

v d a S

2.2 MSUNAIANUYATNTNAANYD Pseudomonas stutzeri aN@iiug 1302 THu3gnsalalns

= a .
Inanuyuima (Thin-layer chromatography, TLC)

) g =) a o ax 9 v o ' as

ninmshasana lanae Tslimuiningzn1aeds TLC A1e5zuuaIaza1on1e 9 amasms

¥y A A o Y v o <3| = a a
naavsten 4.3.2 nudnleusnaisanalagldszundiazmeiiu lanas Tslimu: ioNaezFan: 1w

% 1 v =) Iy ' OJ o d‘ d‘

Muoa (6A31dIU 70:25:5) awsauendrsana lanae Istimuldaniiszuudriazaison uaziile
a319d0U TnsgderanagINANUEIINAY 254 LAz 365 W1 Twmas nuwenasana lanae Tslimuld 3

Auna Ua1 R, MM 0.66, 0.55 1ag 0.50 ua1ay aaadlugiln 7

511 7. Tasun Tnunsy TLC mnasanalanas Tstmuuen lagldszuudaiiazas lanas Tatimu:

Y

PNADLHFAN: (UNIUDA (OATIAIU 70:25:5)
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2.3 NIHINATINTHIAYNNNAADINIYD Pseudomonas stutzeri qYNUG 1302 Gl?iﬂii)"ﬂﬁﬂ’lflﬂﬁﬂﬂﬁuuiﬂi
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lnns (Column chromatography, CC)
a ¢ o = Y an )] o a Y A
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I solation and partial characterization of anti -Pythium insidiosum compounds from

environmental bacteria
ABSTRACT

Aims. A bacterial strain producing antifungal metabolites had antagonistic activity against
human pathogenic fungus-like Pythiuminsidi osum.

Method and result: A total of 88 isolated aquatic bacteria belonging to of 7 genera, were
isolated from water source collected in different area inside the northeastern part of Thailand.
Two screening methods were performed for antifungal activity to P.insidiosum. , 16 isolated
(18.18%) were speculated to produce the metabolites having antifungal activity. Among aquatic
bacterial tested, the effect of Pseudomonas stutzeri ST1302 had the greatest beneficial
characteristic to inhibit the growth of P.insidiosum. The antifungal metabolite by P. stutzeri
ST1302 was extract, purified and characterized using 'H-NMR, thin-layer and column
chromatography were partially identified.

Conclusion: The antifungal metabolite produced by P.stutzeri ST1302 demonstrated significant
activity against human pathogenic P.insidiosum. The compound has been identified as [....] on
the basis of "H-NMR and MS data.

Significance and Impact of the Study: Since drug are not effective to cure pythiosis. This is
the first time that P.stutzeri ST1302 has been report for anti-P. insidiosum activity. It is potential
as antifungal producing strain that may be crucial for new strains of Pseudomonas spp. showing

rich source of useful metabolites for developing novel antifungal drugs/or probiotics.

Keywords. antimicrobial screening, isolation and purification methods, antifungal compound,

anti-P.insidiosum metabolites.
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INTRODUCTION

Pythiosis is a granulomatous disease caused by Pythium insidiosum, a fungus-like organism
classified in the kingdom Stramenopila, phylum Oomycota, Class Oomycetes, Order Pythiales
and family Pythiaceae which typically occurs in tropical and subtropical regions of the world.
[8] The genus Pythium comprised more than 200 species, and the majority of them are soil
saprobes and plant pathogens. Only P.insidiosum is pathogenic to mammals.[9] Human
pythiosis was first document from Thailand in 1985. [11] Four different forms of pythiosis were
described: a) the subcutaneous form (infecting the face or limbs as a granulomatous and ulcering
lesion), b) the vascular form (affecting arteries and resulting in arterial occlusion and aneurysm),
c) the ocular and orbital forming which corneal ulcer were formed, d) pythiosis and infection of
unusual placed (i.e. disseminated pythiosis and infection of internal organs) [3] Since Pythiumis
not a true fungus and does not utilized ergosterol as the main sterol in cellular membrane that the
reason why conventional antifungal therapy are usually ineffective. [10] The high morbidity and
mortality rate result also from short coming of the currently available therapeutic arsenal.[12]
Consequently, developing natural alternatives that are environmentally friendly and have low
mammalian toxicity are need. The work on bacterial species is emphasized for isolating less
toxic bioactive metabolites including antifungals.[12,13] Bacterial of the genus Pseudomonas
comprise a large group of the active strain as a result of their general ability to produce a diverse
array of potent antifungal metabolites include simple metabolites such as 2,4-
diacetylphloroglucinol, phenazine-1-carboxylic acid and pyrrolnitrin [3-chloro-4-(2'-nitro-3'-
chlorophenyl)-pyrrole], as well as the complex macrocyclic lactone, 2,3-de-epoxy-2,3-
didehydra-rhizoxin and secondary metabolites such as siderophore, HCN and protease that
showed antagonistic activity against Macrophomina phaseolina, Rhizoctonia solani,
Phytophthora nicotianae var. parasitica, Pythium sp. and Fusarium sp. [14,15] Various products
of Pseudomonas species were report to be active against different type of fungi, i.e. Pythium
ultimum, Rhozoctonia solani, Phytopthora capsici, and Fusarium oxysporium.[16] In the
process of searching for useful natural products, screening of less-exploited microbes may
increase the chance to obtain novel metabolites. We screened the bacterial strains isolated from
the swampy area that were the habitat of P. insidiosum and investigated on the production of

antimicrobial compounds that have the antifungal properties against P. insidiosum.
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MATERIALSAND METHODS

Screening for antagonistic bacteria against the test fungi

Bacteria were isolate from surface of stagnant water source collected in the northeastern part of
Thailand. The water samples were measured for temperature and pH before screening testing.
Inoculate the water samples with P. insidiosum material plug (1x1 cm) from the edge of the
SDA plate cultured for five days and co-culture in water samples at 25°C for 3 daysin the dark.
The material of P. insidiosum was re-cultured on SDA plate if it could not growth the bacterial
isolated from samples were selected. One hundred pl of selected water samples were poured on
the surface of NA plate and incubate at 37°C overnight for single colony isolation. The growing
colonies on NA were re-subculture and kept at -20°C in skim mile additive with 5% glycerol
used as a stock cultured. The selected bacterial isolates were examined for their ability to
produce antifungal metabolites against human pathogenic fungi, P. insidiosum, were carried out
according to agar-well diffusion and pour plate technique. The antagonistic bacterial isolates

were selected for further study.

Pathogen
Clinical isolates of P.insidiosum stain SIMI 6666 [C-K], a control strain was obtained from
Microbiology department, Mahidol University, Bangkok (Thailand). These fungi were cultured

in the laboratory on Sabouraud dextrose agar plates.

| dentification of bacterial isolates

The active bacterial isolates were subculture on Mac conkey (MAC) and Blood agar (BA) plate
and incubate at 37°C overnight for isolation of a single colony. Morphological and gram stain
were collected and all isolated colony and were subject to identified into species level according
to identification with the VITEK 2 system. They were performed with ID-GNB cards, according
to the manufacturer’s instructions.The results were interpreted by the ID-GNB database after the
incubation period of 3 h. The ID-GNB database contained 101 different taxa of gram-negative
rods.[18]
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Microor ganism and culture conditions

Antifungal assay

Antifungal assay was performed on 9-cm Petri plate contained 20 ml of SDA medium. A fungal
plug (1x1cm) cut from the outer edges of a five day old cultured of P.insidiosum was placed in
the centre of the plate. Aliquot 20 pl of the supernatant previously sterilized through a 0.45 pum
pore-size membrane. Cell-free supernatant was applied on cellulose disc (6mm) on SDA plate
previously inoculated with tested fungi. [6] For crude antifungal metabolites extracted from
liquid cultures, a control considered of filter sterilized distilled water and of a 100%
dichloromethane for the dichloromethane extracting residue. Plate were kept at RT for 2 h in the
laminar flow cabinet to allow the diffusion of the sample, then were inverted and incubated at
25°C for 3,6 and 9 days. The results were reported as inhibited the mycelial growth of

P.insidiosum. The experiment was repeated twice.[5]

Extraction, purification and characterization of antifungal metabolite

The strain P. stutzeri ST1302 was grown in Brain Heart Infusion broth (BHI, BBL) at 37°C for
72 h with agitation 200 rev min'. The fermented broth was centrifuge at 8000 g, 25°C for 15
min in order to remove the cells and sterilized by filtration. (0.45 um pore-size membrane) The
cell free supernatant (20 1) was extracted into equal volume of dichloromethane. The combine
organic layer was concentrated under reduced pressure and the crude extract was test for
antifungal activity against P.insidiosum. The crude extract was chromatographed over silica gel
eluting with dichloromethane-methanol mixtures (2% MeoH) and finally with methanol. The
purified fractions were tested antifungal activity following by the disc diffusion method. [ref
1986] Active fractions were pooled together and concentrated using evaporator at 50°C. The
structured of antagonistic metabolite was establish by the study of nuclear magnetic resonance

(NMR) and mass spectroscopy (MS). The 'H-, DQCOSY- and NOESY-NMR spectra were

recorded using a 600 MHz spectrometer [szy3u] *C-NMR spectrum was record on 200 MHz

NMR spectrometer. The MS data were recorded using [5z1)3u]
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Sensitivity to enzyme, pH and heat

For enzyme stability, the partially purified dichloromethane crude extract was treated for 2 h
with proteinase K (pH 8.5) enzyme at a final concentration of lmg ml™ .The mixture was then
assayed for inhibitory activity against P.insidiosum by the disc diffusion method. pH stability
was estimated in the dichloromethane crude extract after 4 h of storage 4°C in the following
buffers, 50 mM citrate buffer; pH 3-5, phosphate buffer; pH 6-7; 50 mM Tris-HCI buffer; pH 8-
9. To determine the effect of heat on antifungal activity, aliquots (100 pl) of the crude extract
were incubated at various temperatures (40, 60, 80 and 100°C) for 30 min, or 121°C for 15 min.
The residual activity was determined their ability of antifungal activity by the disc diffusion

assay. All data were averaged from duplicate trials.

Solubility in organic solvents

Antifungal antibiotics were dissolved in diluted (75%) solutions of organic solvent. (acetone,
acetonitrile, ethanol, and 2-propanol) Solution was kept at 25°C for 1 h. One ml of each solution
was centrifuged at 8,000 xg to removed insoluble fractions. The solution was then evaporated to
dryness at 50°C in a water bath. Dried residues were reconstituted with 100 pl of distilled water
and assayed for antifungal activity against mycelial growth of P.insidiosum. The disc diffusion

test was used as described previously.
RESULTS

Isolation and screening the bacterial isolates for antagonistic activities against the test
fungi

Eighty eight strains were isolated from water sample that could suppression the growth of
P.insidiosum. Among 88 strains, only 16 strains show antagonistic ability by inhibit the growth
from both screening method. According to the identification by a automated antibiogram,
VITEK 2 system interpretation systems (bioMe'rieux Marcy-I’Etoile, France). [ Sixteen of
antagonistic bacterial isolates were identified to the genus Acenitobacter baumannii complex,
Enterobacter cloacae, Klebsiella pneumoniae ssp. pneumoniae, Plesiomonas shigelloides,
Aeromonas sobria, Pseudomonas stutzeri, and one strain was suspected to genus Bacillus spp.
(Table 1) Only one isolate, designated as ST1302 had a strongest inhibition from dual culture in
both screening method and identified as P. stutzeri on the basis of morphological and
biochemical test by VITEK 2 system.
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Production, purification of the partially purified antifungal metabolite

Several purification step were required to purified the antifungal metabolites from crude
dichloromethane extract (1.31 g) obtained from P.stutzeri ST1302 was yellowish in colour
which purification through silica gel and each of purified fractions that contained antifungal

activity was evaporated and used for chemical characterization, including spectroscopic analysis.

Structural analysisof the purified compound

pH and thermal stability

The study of sensitivity to pH showed that the partially purified antifungal metabolites of the
crude dichloromethane extract were treated in the range of 3.0-9.0. The metabolites was
relatively heat stable under heat treatment: the inhibitory activity were maintained in treatments
of 40, 60 and 80°C but inactivated at 100°C for 30 min or at 121°C for 15 min (Table 2) The
partially purified antifungal was soluble in polar solvents test. A complete loss of activity against

P.insidiosum was obtained after treatment with proteinase K enzyme.

DISCUSSION

In this research, we obtained interesting and promising results for successful inhibited the
mycelial growth of P.insidiosum using biological natural products from P.stuzeri ST1302. The
antifungal activity was resistance to high temperature, a wide range of pH and action if
hydrolytic enzyme. These characteristic indicated that the antifungal compound may belong to
the [....] group of antibiotics. [ref] Production of antifungal metabolite has been known to be
influenced by media components and cultural conditions, such as aeration, agitation, pH,
temperature and glycerol concentration, which vary from organism to organism. [17]

In our earlier studies we observed that .......

Various types of the bacteria from Pseudomonas spp. is now well establish as a biological
control underlying the ability to produce antifungal compound involving both the metabolites
and enzyme. These include a range of secondary metabolites include pyoluteorin, pyrrolnitrin,
2,4- diacetylphloroglucinol, phenazines and mupirocin. [19] One of these, difference
Pseudomonas isolates has also been attributed to the production of siderophores, pyridine-2,6-

dithiocarboxylic acid (PDTC), produced by Pseudomonas stutzeri and Pseudomonas putida, can
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complex different metals and has antimicrobial properties including antifungal activity against
different types of fungi, i.e. Pythiun ultimum, Rhizoctonia solani, Phytopthora capsici and
Fusarium oxysporium. [20] In our study also, we revealed the significant activity of the
supernatant of Pseudomonas against human pathogenic fungi, P. insidiosum. It has been report
for the first time that the products recovered in supernatant of P.stutzeri ST1302 had potential
activity against human pathogen. The active metabolites are characterized by the presence of [ ...

structure description ...]

In summary, P.stutzeri ST1302 produced antifungal compounds inhibiting mycelial growth of
pathogenic fungi, P.insidiosum. The compounds are heat stable and active over wide range of

pH values.

Therefore, it is important to research further into the mass production and application techniques
of these antifungal metabolites to complete chemical structure and the mechanism of these

potentially metabolite which purpose to discover a new valuable anti-fungal drugs.
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Table X. The bacterial strains that could inhibit the mycelial growth of P.insidiosum

Bacterial NO. Gram stain Identification VITEK 2 system
confidence level

1.2512 Gram negative Acenitobacter baumannii 99%
coccobacilli complex

2.3601 Gram negative bacilli Enterobacter cloacae 93%

3.3604 Gram negative bacilli Enterobacter cloacae 93%

4.2501 Gram negative Klebsiella pneumoniae ssp 93%
coccobacilli pneumoniae

5.2503 Gram negative Enterobacter cloacae 99%
coccobacilli

6.2504 Gram negative Enterobacter cloacae 99%
coccobacilli

7. 2401 Gram negative bacilli Plesiomonas shigelloides 99%

8.2206 Gram negative bacilli Aeromonas sobria 98%

9.1302 Gram negative bacilli Pseudomonas stutzeri 99%

10. 40801 Gram negative Acenitobacter baumannii 99%
coccobacilli complex

11. 62302 Gram negative Acenitobacter baumannii 99%
coccobacilli complex

12. 3602 Gram negative bacilli Low discrimination

13.2502 Gram negative bacilli Low discrimination

14. 2201 Gram negative Low discrimination
coccobacilli

15. 40803 Gram negative Low discrimination
coccobacilli

16. 1301 Gram positive bacilli suspected Bacillus spp. (Routine biochemical test)




Table X. Stability of the antifungal metabolites extracted by Pseudomonas stutzeri ST1302 to

heat, hydrolytic enzyme and pH treat against Pythium insidiosum
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Treatment Growth inhibition zone (GIZ)* (mm)

Temperature

Control NI
121°C for 15 min NI
100°C

80°C

60°C

40°C

Enzyme

Control

Proteinase K NI
pH

pH 3-5

pH 6-7

pH 8-9

*Diameter of clear zone around the disc inoculated with extracted antifumgal metabolite.

NI, no inhibition.



Fig. X Proton nuclear magnetic resonance spectrum of metabolite by Pseudomonas stutzeri
ST1302
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Fig. X "C nuclear magnetic resonance spectrum of metabolite by Pseudomonas stutzeri
ST1302
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