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The opportunistic pathogen infections are a serious public health problem especially
in the area where large numbers of people are in close localization. Many strains of
opportunistic pathogens are found to be resist to antimicrobial drugs. Thus, there is the need
for the search of new potent antibiotic agents, particularly against drug resistant strains. Several
species of soil fungi have shown to produce antibiotics. Actually, the first known antibiotic,
penicillin, is produced by fungi of the genus Penicillium. The present study attempts to study
the diversity of antibiotics producing fungal strains isolated from soil in Suranaree University
of Technology.

Sixteen fungal antibiotic producing strains isolated from soil in Suranaree University of
Technology were active against test opportunistic pathogens. Based on Internal Transcribed
Spacer (ITS) analysis, ten fungal isolates were close affiliated with the genus Aspergillus, three
isolates were close to Penicillium, two isolates showed highest similarity to Talaromyces and
one isolate was similar to Clonostachys. Some funeal isolates showed narrow antimicrobial
spectrum activities against either Gram-positive bacteria or yeasts, which were PKF6, PKF38,
PKF59, PKF60, PKF61, PKF116, PKF124, PKF125, PKF127 and PKF145. Other isolates exhibited
broad antimicrobial spectrum against Gram-positive bacteria and yeasts which were PKF77,
PKF105, PKF121 and PKF161. In addition, two isolates, PKF104 and PKF152, were active against
Gram-positive bacteria, Gram-negative bacteria and yeasts. Several fungal isolates also showed
antimicrobial activity against methicillin resistant Staphylococcus aureus (MRSA) which were
PKF104, PKF121, PKF124, PKF125, PKF127 and PKF161. Thus, the study of these soil isolates
could lead to the development of new potent antimicrobial drugs.

Keywords: Soil fungi, Antibiotics, Antibiotic resistant bacteria
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Auvanillaunndaiudueadsefuninu (gdndia dusni, 2006) RaunIdlufumaiilagyi
wiflun1sgegaaiegInfivwINdndnng q wagribiinn1TNyUlsureIuI 519 kaYa TN
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aatud1dqduniguiunagsluduazidunisusvendemnuanysalvesduiuies (Hassink,
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Lebbink, and Van Veen, 1991)
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snuluAuiivsinatesevninluiisuiuwuaiiise (aUmudin Tusni, 2006) L51a@11500ULT0

[y 1

slaeunnuialufu sunanliianudidydonismyuisureansing o melufu Fieduaty

v 9

TS gAulaled (Christensen, 1989; insmu 2006) Wosfinulufuaansauuseenimiu
3 nqu lagldinaeinislasuansemsuasnisasnang a1 (United States. Natural Resources

Conservation Service [NRCS], 1999) la Ln" Decomposers (88 @a1891nAn Y 910dn3)

a ada

Mutualists (8g5AUFTINBULUUNINI) waw Pathogens (falsa) lnelosilunguigessin
Nygndaddiulngavaunsadevaaigarsusznouariuounilaseasisgudou 1w lignin way

cellulose ndulngnuidussdvsznovresmniiy tiduiiaaluanaieiNiwaduesiosies

a a A

= ¢ ¢ | aa oA Y] | a & o v v
Mi@L%ﬁﬁ“U@ﬂﬁ;ﬁU%iwu@au ] bTU LUANILIY W@qﬁUQQIUUiLQWUU a’]ﬂiqiﬂuqmﬂlﬂisﬁﬂqfﬂu

waals (United States. Natural Resources Conservation Service [NRCS], 1999) ﬁam%‘mﬁl

Avey o o

Duwan Mutualists swuldvesuazilunidnduialufie Mycorrhiza Sswuandeediusiniiy

Y
lngsrlunquilazasrndulownadluniglusiniiy dn1ssuaisemisuiegieainivy Ty
a v & ' ' a a vy o 1% .
YaugiReInunzIsazaIeussgwaraIseInIsuelinanauliiu lulgle (United States.
Natural Resources Conservation Service [NRCS], 1999) lunguveaiesinelsannuluiu 819
wuilunquitnelsaluiie lnvasraduladnluasgluduiy Tdlodefivnduirawesasemns
ilifisenasemsuazangluiian ag19lsid WesinelsannuluAuuiwi e azdiluiasy
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lsignyhane uenani ursdadsannsnadaansuseganyiaeisadvouaiiielufu
Wunsevaudszrinsveswuaiiise Lilifluinawduly (United States. Natural Resources
Conservation Service [NRCS], 1999)

MnqaaNtAnig q veadeniinauuditisiy Wy nansngesaaisluana
AsUouddouls nie ANuaNITaveITIluNI Aty W Luas wazuuailiie uansliiua
Fodesdimadaeulul wie arsunedeiidgnsnisdanmld Tasouled wie arseengqns
medanmiimudesludes Taun woule cellulase, amylase, lipase uaz protease wazans
UfTaugitddey q 1wy penicillin FaoulesiuazansufTusmand anansothurldusslonil
NUAUAN 9 199819n 1191779

granvnssuvaneUszsianindudedldioulesdifioinuszansanlunszuiunianda
way/v3e WiNUsEAnS Anvesndnd el fregsvenoulesiiiviunldiusgenitewindu
gAAINNITU Taun touleyd lipase, cellulase, xylanase, amylase wag protease F vouley
wianinulglufio d01 uazduniduanesinmudades nsmdneulsinndesuduums
nilsildzumnuauladusgiann Wesmnidosideddiouasinandnouluigs

oulayl lipase gnianldlugnaivnssunateyssian wu ndnnsdnvlen wdalnlidsn
wos Mlumandunssy wu Wudnuszneuluntiegos (Costa & Peralta, 1999) WWosilu
wnasveeule lipase fiddey o WA Mucor, Rhizopus, Candida, Geotrichum, Aspergillus
Penicillium W@ ¥ Humicola (Ruban, 1972; Ghosh, Saxena, Gupta, Yadav, and Davidson,
1996; Costa & Peralta, 1999) dmsuiauleil cellulase Aunldlugnanssunaiaysziny
U 91T 1ATDIAL NTINYAT WazgRaIMnITINTEATEILAzE e (Dudu (Tyndall, 1992;
Kumar, Yoon, and Purtell, 1997) #8819900d 0317 a5 190ulesl cellulase 1 19
Aspergillus, Acremonium, Phanerochaete Wa¢ Leucocoprinus (Klyosov, 1990; Bacdi,
Anversa, and Pagnocca, 1995; Tomme, Warren, and Gilkes, 1995; Baldrian & Valaskova,
2008) Loules] xylanase fiflnaant@lunisgos xylan Yanldlugramnssunseans wdnewns

o

dnd Mounte ndaesesnudminhituazdinald swuludsnisudn xylitol (Polizeli et al.,



2005) fa8E19v8ad 9517 A NEIsalunsadraeuley xylanase Iaun Aspersillus,
Penicillium, Trichoderma W& Gliocladium (Betini et al., 2009; Antoine, Jacqueline, and
Thonart, 2010; Mitra, Banerjee, Gachhui, and Mukherjee, 2011; Zhou, Zhu, Katrolia, Jiang,
2011) toules] amylase Ynldlunszuaunsgosaasuts Mlugramnssudameuaznisuan
natnnen tudu (Augustin, Zemek, and Fassatiova, 1981) d@ruvaulal protease Pl
9AAIMNTTNDINIT BAAIMNTTULY NonnU wagn1sHannsdnlen (Wang, Vespa, and
Hesseltine, 1974; Hag & Mukhtar 2004 ; Macchione, Merheb, Gomes, and Silva, 2008)
wonanibouley lipase, amylase way protease a1 esdiansatunldtidnddonas
vezluguyulasnme (13ung WBunvna, qud wdesans, wazaula Aslna, 2541)

Feosdsflauasalumsnaneledsunzunsiineonund svaansansiwlé 39
awnsalUuseyneldlunszuiunig Bioremediation 1l arindnansiiwi vuid sueglu
& auandaula (Ding, Cong et al. 2008) §11551891U7 Wu2 144 891 Phanerochaete
chrysosporium @1u13aas 19s0ulgslung y ligninolytic Ly lignin peroxidase (LiP) ua
manganese-dependent peroxidase (MnP) aaningaaaieasiiwdInin Polycyclic aromatic
hydrocarbons (PAHs) GsanslunduiienafivzdueglufauandenainnisUdesvonderadssu
PRENNTIN 1130 nswlndvestinduidounds PAHS firuduiivas enaluansnoussa uay/
730 ﬁﬂﬁlﬁmmiﬂmaﬁuﬂuﬁﬂﬁ%‘imw (Cerniglia, 1992; Juhasz & Naidu, 2000; Ding, Cong,
Zhou, and Gao, 2008)

desndnmnsiulavesniagaamnsaulutiagtudssnndunnd vildanudesnis
Tumslfieulasiifindunuluie wasiioauesmeumiudesnisvesningnamnssy el
Fnduivedesiinsfnuiideiiomunasvasouludlng q Aflussansansiely
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Yagtunudn wilddudymvan q Addguasialasuanuaulaniaiunisunduag
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I

P a & a N e ~ o 9 ) P aNg v Y
41515048 Ao Uayminisiinvedeydunidaesn duilinissnwinigeildeyludagiuly
') o o v ~ P 9 v a Y ' Yo a & A4 X
lona FadlmnudeanisiazAunimendiugdunsdailug 4 aldshwilsefneninosmaiil

91nN1ANYIITeNUINTasMaeviannuludiegafuauisaassansufdiuslea (Jefferys,



Brian, Hemming, and Lowe, 1953) Lag31U19%UA L U Aspersgillus terreus GRERFIAGERE
terrecyclic acid A (TCA) ﬁ'ﬁqmﬁgﬁqmamaémﬁqlﬁ (Turbyville, Wijeratne, Whitesell, and
Gunatilaka, 2005)

fnuAtenninefindnisenuannsoventosluniswdnansdugadn endogary
Aspergillus terreus var. aureus @115anana1SuwnUolav T dgns lun1sdud esuay
wuaviliula oy19tey 6 ¥iia (Inamori et al., 1983) L‘%%”élﬁ'l Aspergillus terreus Thorn var.
terreus 7 wonlaanauluszimateniines dainuaiuisalunisasnsarseyiusveg
butyrolactone | Aifign3 frunuafizsunsuuan wuaiissunsuau Tufadon viwdals
(Cazar, Schmeda-Hirschmann, and Astudillo, 2005) uanainii Ssfisneumskenidoain
Auludmiandavesuszinaduiie (Marudhu Ramachandran et al.,, 2007) wazUszimAuTIa
(Takahashi et al., 2008) wuindesdnilvginuaunsaaseasiusuazuundefivhaly
LRI

idesnasiasmeiiaBnsmsumealuladdanmdnsiamunliun iliingde
soBunans q ¥linanidesndgaduniduiadu wedlazihqaundsidnsuiulgsaeiug
wanulUldusslemndlugusing 9 dolu wu fnsdadefuiiasineulesd xylanase 91nides1
Aspersillus terreus (BCC129) Wgdas Pichia pastoris Lﬁaﬁ%ﬁﬂ%ﬁﬂmaﬁuiﬁa%ﬁﬂLEJuVL“Uﬁ
xylanase 1 [llugmamnssuems wie nsvanw lasnnnsldiderlnensseravhlstiinns
Ju L‘ij DUVDIATITW BN T (mycotoxins) e (Chantasingh, Pootanakit, Champreda,
Kanokratana, and Eurwilaichitr, 2006)

Nnfegwwesdeyanisinuiinanandnadu Wummsadfgivinlainidonarongudl
anualaiaz@nu Auat emanesiugvessdmsuldiduunaslunsudneuluiuazans
pongrsnstinmisiseloviludiusing q ufddfuumdsmesasiugnsniunszuiuns
devendu leNgUusmenudvesdaltinniogaunidviadu q dmduhluldusslonily

AuRe 9 leegeninsnsely



anumannangvesyiavessinuluduwilaniioguszun 75,000 a936 (Finlay &
Clay, 2007) agesfinuluivvosUssmelnefitsonuliauied 1998 fiswauiios 95 aUad
m"lﬁju (Jones, Tantichareon, and Hyde, 2004) LLazLﬁlaw?f’JEJﬂ’l'iLLEJﬂL%@i’lﬁ]’lﬂﬁULﬁaﬁ’lm
Anwiidoditavans 1 g dulinurendeniifiogii haziswauinnniiidnisduny
wazlasesuld (Bridge & Spooner, 2001; Anderson & Cairney, 2004) 338n15AIANTAIAUIN
Ussinalnensilid 0318 nnaneviad seldinenuuaziun@nea (Jones, Tantichareon, and
Hyde, 2004) fafunsanwisefiodauenidesianiulagissie q salmusidusanduas
difey Ineamzegvbensinmanurannuanevendeslufuusnaislineiinsdsavie
Auteyasgneaseds Kuguiiuiivivesuming domaluladgsud Smiauasisdin o9

ludnmisnuiesianeiuglni Niiusganiamlunisasiseulesl vie arseengnanisdinim

el Feazihlugnisussendldusslerianidesmariluniusiig o lesely

1.5 9ud) auLRgIU LAZNIAULUIANANYDILATINIGIY
Wesneduegluiudiulvgszyiglunsmyuisuvesssinuazansennsnelusiu

‘;’ }%4 v} 1 o v a =1 U Y ¥ l&/ a a
wenantidulesdsieinlveuniavesiuluganiziulaasnie wesilufuasiiauaiuise

aa A

lunsiasuansuseneudunsdluiluaisusenovetiunsddmsulvivuazddidinou o iUl
o WasnwesiinulufuiiauvainvaigannveiauazUsunn dulunisfnyiiesyyvin

1 d’lj d‘ a a d'o./ 1 ] o = A o v dl' ¥ 1 e’lj
wagnquuentesinuluinuInandiliinevihnsdrsindadimnuddy Weswndeyavani

anunsarhlulgusslovddusuimuninermansuousdu o ladely

1.6 Uslouiiitldsuainniside
1. w3uwda Aumainuate waznisunsnszatsvend esfinulufuuinaiuivisou
W Ingaemalulagasus
2. abugudoyaveadonimulufuuinaiuiivseuuminedomeluladasu

Aa o

3. madnaglawenaeiuglni o Nlidneamlunisadsansiugain
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uni 2

A5andun1s99y

k4

2.1 NunMinnIsAnwAUdl9814

¥ '
I

A A [ a [ S a v [ =
Wu%ﬂ’]LﬁNiﬂﬂ’]ﬂiu&Jﬂ’]’l‘ﬂEﬂﬁﬁLVIﬂIuIaEJEji‘N’ﬁ WRIAUATINVAUN

2.2 9ISV OLATEN1IZNISLAY YD

pImsidsadenltlunsuenyes1aIndeg siume Malt Yeast extract agar (MY agar)

] (%

Afldulszneu (NSURDARNT) ﬂfT Peptone 5, Yeast extract 3, Malt extract 3, Glucose 10
uay agar 15 dwiuomsiilidmiunnaeuanuannsnveadoslunisadaansdngdunis
Ao Mueller-Hinton agar (MHA) fifdulsznau (nSuredng) fsil Casein hydrolysate 17.5,
Beef extract 2.0, kilt 1.5 uay agar 15 lnsamnsidsadonnudnazsunisiaondode

a

Ausouty 15 Yourran1snsils Nigamall 121 eswrnwaded Wua 20-30 wiil

Y

6 1

2.3 mﬂﬁuiﬂlaatﬁaqaumﬂna‘[m
Paunsdnelsauvuaialeniaildlunisnpasaduanswusideurananiduise
Anermans wazimaluladuisuszinalne(TISTR) Usgnouluale Staphylococcus aureus
TISTR1466, Staphylococcus epidermidis TISTR518, Bacillus subtilis TISTR0O08, Bacillus
cereus TISTR687, Escherichia coli TISTR780, Enterobacter aerogenes TISTR1540,
Salmonella typhi TISTR292, Proteus mirabilis TISTR100, Candida albicans TISTR5779,
Candida tropicalis TISTR5174, Saccharomyces cerevisiae TISTR5049 waga8Wug yau7e

aeeiildluntsnaasnduaeiugiideuannsuinemansnisunng (DMST) Uszinelng

laun e methicillin-resistant Staphylococcus aureus DMST20654 (MRSA)
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2.4 N1SHENLIDIININABEIRNU

a

NITULENLTD1NA9Y19AUNLAEAT dilution plating YIMlagUNALTIFBINITUNLY B

(% | [
o (Y]

$19m 10 n§u Tdadlu flask Aiflinndusinge 90 faddns (Mdarsaranefufiannundeans 1:10)
el Aunszane 20-30 wifilagliedonugn 6 flask Melidnagauansuruaosiudy
ANAENOULALT9LY pipette AAanTazateAuL 10 Ua. iluidenedreiinguisenge 90
faddns (lnasazareAuaude913 1:100) weliidiu uaadeanmelunuuay auls
AazauAuAILIEDN 107, 107 107 waz 10° auasu 14 pipette @Jmamw'guaaaauﬁ
AIULT9979 10, 107 waz 10° UTuns 1 1a. 89UURINEI01M5 MY agar La1vi1n1s Spread

plate Whauluvufigumgiives (Uszuna 30 esrwaided) wnan 2-3 Ju seaunitagny

Y

Aa o

lalativaudasnuuaiueinis aenlalatdfidianuvuesng 9 Ausviinismadeugnslunisaiu

[

= a a 6
GRERMYIES
S v v a a6 1 o ) a

2.5 nagaugnslun1saiNa1situgaunsdvasiasLenlaaInau

UNYDIINILNAFDUANNAINITAUNITATNAITATUIAUNTIULMITAIUUIIUDINNT
NA Taen150Aa Nt U dUATIAILLLIAINAI9IUB NS (3U7 2.1) dhauldvunigaumgivies
(Uszanad 30 asAngai@ea) WWuaan 24 92lus vioaudeiey e lileadsasufiius ur
aanulagsaulalall

o % 1 Y o dfl’ d' £% 1 aa = U ‘&J d'

asumeun hwenagldnaaeumnulisiearsufiuelumsuunuieiuiesy
a59U) e IneTnanifuuuinminiuiuinsasyveaiosiasyednew (nmd 1) Wi
TUvumeUszunm 24-48 Talus aTiananIslasyveNteiumegsuamuhlagdunnin win
& o | a P ~ ) aa Py | aa
Weneaeusialalianusawiginunlndlaladvestenaswasufdiusle wansinasufasue

A& v O A L Y &
V]Lﬂ@aiqﬂaaﬂmquumqmﬁ%"lﬂqimWULGU@LV]@aa'U



12

k7 1
RS IILENNIIINHK / o

Lmzﬂ'm'iwzﬂ%’wm'sﬂﬁ%uz /

& A 2 =
L‘H@ﬂ@:?ﬁﬂﬂﬂﬂuq%’]ﬁ

i 2ayR1TUfEme

= Q‘ ¥ ¥/ a a 6 d’lj
E‘U‘VI 2.1 ﬂ’]i‘l/l@ﬂ@UQWﬁIUﬂ’ﬁﬁi’Nﬁ’]iG]']‘U’*i}ﬁ‘UV]iEJGUEJ\‘ILGUEJT]
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2.6 N15ENALASIUIYUVBITDI

wnzdssmeiuguesdenidomnislilunisatalaslulenluewnavas Malt Yeast
extract U31nn5 10 Tad8n3 lnemsiugiianie 200 seuseund uazusiionmgil 28°C 10y
nan 3 Yu dledessailiuenduwedusniesesnanemsidssdeuazinnldlunsatio
Tastulo

nsatinlaslleuveadesildlneunwaduondulest (100 8¢ 150 fadn3u) e
Tnsaun Tuaniedidl class beads wag lysis buffer (400 mM Tris-HCL pH 8.0, 60 mM EDTA pH
8.0, 150 mM NaCl, 1% w/v sodium dodecyl sulfate) (Liu, Coloe, Baird, and Pedersen,
2000) Y3ias 500 Tulasdns ga suspension waudasnanindsldlunasn microcentrifuge
wWwn 1.5 faddes wanduaisaraty 5 M NaCl Uswms 165 lulasams asluTunaen
microcentrifuge Mavasazanewasiu Nacl lidrfulnonisndurasntu-as udaliy
WABs? 13,000 rpm w20 Wil pavesmaduuulUldlunaenlval wdwdn chloroform :
isoamyl alcohol (1:1) USuas 800 lulasdns aslu wawlvansazaredniuuazdudunigu
witewthus Wludusiesit 13,000 rpm WY 20 WA kanaavemanuuuldviaental iy
chloroform  Umnasiviiuduvesvaniigaeenunldasivlunasn naslidndu wdniludy
WABed 13,000 rpm w20 Wil gavesvawuuuiiiduvestasluluogldasiunasnlsl
udvhmsanmzneu DNA ¢hensiiin ethanol U5inns 2 Wi vesvesvaiiignesnn hvaon
Tuthusiesdi 13,000 rom U 10 W7 azle DNA mmi‘]umﬂauagjﬁ TUVABA a19RLNaU DNA
#28 70% ethanol Usunns 1 fadans 2 50U fislimyneu DNA uis udawiiu TE buffer (10 mM

Tris-HCL, 1 mM EDTA; pH 8.0) U3u1as 30 §i4 50 lulasans \fioavany DNA iuansazane DNA

1571-20 oC
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2.7 mMsfnerdneueneduguIneIveLYes

Anwanvarduguingvesdenananunsuiwedalaiilaginnisinzide e

a

FIVUDMNT MYA uazuufigaunll 25 ssawaided Wuian 3-5 Tu n3aulieLaday wadd

Y

eI vanyuzvedlalatlnaTyuue I Thaz TuiinNa

Anvrrualaziusiales anvaenuyalasalewmaila slide culture lagimgifes

a

Wosuuems MYA ihldunfigamall 25 esenwaidea Wunan 2-3 Tu uazlanszanledlad

Y

devasuulalatlvesdoslaglivihududesUssunn 45 93 AUt wastluuusiaauy

L2

ulosiasgyduundinszandealad dinszanlealany didulesnasguisoudlaeld

lactophenol cotton blue wimdshlunsiagniglanassganssedl

2.8 mssuunviavesdesiuenldandogishudaeisniduana
nsduunviavendesdeismiluanavinlaemsinudiduiiindlelndvesdiy

Internal Transcribed Spacer (ITS) fioguulnslilonveadion Gamamaduuarldlos ns

analaslulsvoadosuarldifuundiwos DNA template lunsvih PCR iiieifiusunutuves

ITS lagld primers ITSA wag TS5 (Gardes & Bruns, 1996) lngainuianalalnaves primers iR

[

aoududsll IS4 fAs  5- TCCTCCGCTTATTGATATGC-3® uaz [TS5 @As  5'-

GGAAGTAAAAGTCGTAACAAGG-3’  Tegantieildlunisyih PR Wusedl  dumeu  initial

a a

denaturation Mgl 95 asrwaided (w5 w1l Tuseu denaturation igaugil 94

U U

a I3 Py . PN a = I3 =
DIANALRYE LUULIAT 1 U YURBU anneallng VIQELWTQN 55 89w alaed lWukIan 1 Un ag

a

g . PN = [ o aaa o
YUNBU extension NYUnRU 72 99 Red LUuIaN 1 U mﬂgmmmmu 25 58U 91U

Y

a

v & . . P a 3 =
M8UUADU final extension ‘V]E]qm‘wﬂll 72 aeAngaed lWulIan 7 WUn

Y
13U TS Nlaann1svi PCR wviliu3ans uwadnhluldienaduiindlelnalay
14.A393 Automated Sequencer navasanuilanalalnanls azuiluinsgiieminaiauiua
94 ITS Nlauntinssiudesviiala laglslusunsu clone manager Tunsiasgi Wisuifieu

[y [y

fuavulvavedeaeiuiunsgunegluguteya GenBank NCBI, EzFungi uaz UNITE
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o

2.9 MIaFuNUYNTINUINTT (phylogenetic tree)

[

N5 1N TAWINTT (phylogenetic tree) vaaas HentAaNAuvilalag 11

[y

avuihndlelnaues Internal Transcribed Spacer (ITS) V94LIINUENAINAUNIILATIZTIAIM

AAeAAtlagYinn1g Blast AuaneiugTuinsguieglugiudeya GenBank NCBI, EzFungi ag

(%
a

UNITE uidathdeyadinuiuaveadesliendnfuivatgiugiinsgiuniianulnaifgaiuil
waiunu) I3 Tau1n1slagyiinisiiey (alignment) drduiiindlelndivanlsglusunsy

CrustalW wdtnani1s3asignibaluviinisasisunugdindmuinisaiglusinsy Molecular

Evolutionary Genetics Analysis software version 6.0 (MEGA 6.0)
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uni 3

NAN158LaLaAUSIUNANITIAY

3.1 MsuenuazAnaanasidAnenmlunsadeasujiuzaindlegehiu

o [ Y ' a & A a LY S a o L a

insiiuiegsauInunUineluaninedemaluladgsund Jaminuassvdun

! [ o 1 a = A =2 & [ = A Y U 1 a &
wuugy Tngeeniumegfuadewauas 1 81 2 a39 0wian 1 U 6 Weu lafeg1sfiumiaun
21 ege Tupsunsiuiilee Tdeunsalfiiiunisendends Wiudegnduiiegdnatiuain
nifulszan 10 93, ldlunivusiazotn wdruinennidsluiesluanis a1u3sn
usseneliluund 2 (Fnsaiiuanisde) wdedn 2.4 lngazyatulunisdauenidosiNaiunse
a519a13U Buglel 99n019s MY agar wvihnsnssdeudnenmasadelunisasisansdnu
qaun3d
i & a o | Y v s v
IINWANIINARDINUIT ANWTORENLTBIINNGAY 21 690879 19 177 aneiug laglie

aneugilu PKF1, PKF2, PKF3,... PKF177 LavaInidiesn 177 maﬁuﬁ:ﬁf fiilee 16 anewus il

2No

ANUAINTAlUNITAT A TAUYaT Nl anewugAanaUsenaulusag PKF6, PKF38, PK59,
PK60, PK61, PKF77, PKF104, PKF105, PKF116, PKF121, PKF124, PKF125, PKF127, PKF145,
PKF152u8¢ PK161 fuansu s?fﬂé’ﬂwwgﬂﬁ'wﬂﬂiaﬁl,l,azﬂmﬁagwmmwﬁwaaL%aswma'wﬁ

wandblum9199 3.1



A151991 3.1 hansdnwazlalatuueimisude MYA U903 16 angwus

s

9

A18Wug sUsnslalail anwnuzlalail

PKF6 wulernan v alesdnn
PKF38 wulevny v avesdden
PKF59 whilev1 v adesdund-m

17



M15719% 3.1 uanadnuaizlaladuuomsula MYA 99303199 16 anesiug (sie)

Anenug susnalalail anwazlalail

PKF60 wuleran v alesdlisudy

PKF61 wulovny v avesdden
Wulgwd dadanuniiy avesd

PKF77

U179

18



M15719% 3.1 uanadnuaizlaladuuomsula MYA 99303199 16 anesiug (sie)

A1eWug sUsnslalail anwauzlalail
Eulewn 9nfnuwly @Uasaun
PKF104 “
SRGON
PKF105 Wl anfiiuwly alasdun
wdulew1d 1T uniainidiemns
PKF116 ldnues aUasaLvand dvun

vouvaddwaedlasguulalall

19



M15719% 3.1 uanadnuaizlaladuuomsula MYA 99303199 16 aneiiug (sia)

A8NUS sUsnalalail anwazlalail
vduledv1aseulunuiaeiuns
PKF121 alasannoutden NalalatAane
MuULE
wulsdwmdeassuluduineinis
PKF124 o o -
guasamanuyaslUuNg
duladvrsouldduidieinis
PKF125 aUosawmiauden Aalalatiandne

ANULAE

20



M15719% 3.1 uanadnuaizlaladuuomsula MYA 99303199 16 anesiug (sie)

A8NUS susnalalail anwazlalail
vduledv1aseulunuiaeiuns
PKF127 aUasamIauilen Lnenvaadta
aguulalail
dulovnseulunuine s auss
PKF145 b
A
Fuledwdos Wiandes alasd
PKF152

a v &)
V8N ANWEUZLUUNS

21
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M15719% 3.1 uanadnuaizlaladuuomsula MYA 99303199 16 aneiiug (sia)

4

A1enug sUsnslalail anwauzlalail

9

wdulgdunidasdiunaiu 9 Aouta

PKF161 cx o o
W avosdmdnuusidudngn 9

3.2 NMInAdaUANEN WYL YT lUNTEFeETUR YU
o & = v & Y ° o Y o AN Y oaa
WaesMkenlans 16 agiuguvinismageudneninlunisasnansfuadnmeds
perpendicular streak plate Faunaunisvikansliluuni 2 wazitenslsauuualslonan

o ¥ a o v [ 4 a A v 6 A
U lgnaaoulda1uiu 12 d18UNUY Ui%ﬂ’é)‘U‘l'U@l’JEJLLUﬂWLiEJLLﬂiiJ‘U’Jﬂ 5 d1UNUY AB

v
2

Staphylococcus aureus, Staphylococcus aureus #18WUTg 75 osiaen methicillin (MRSA),

Staphylococcus epidermidis, Bacillus subtilis waz Bacillus cereus WUANITILATUAU 4 @18

v s

wus lewn Escherichia coli, Enterobacter aerogenes, Salmonella typhi, Proteus mirabilis

q

wazWwetandn 3 anewiug lWawn Canidida albicans, Candida tropicalis Wag Saccharomyces

cereviciae NANSNAABULARAILILUANSIN 3.2



M19197 3.2 NANTNAFBUNITAT AN TINURUATISEVRUYRIIN 16 anesiug

23

Inhibition zone (mm.)

LUANILSBLATUUIN LUANILSBLLNSUAU gan
denus <
b o 2
= 9 3 " “ 0 o)
w | w S “ $ S c | 3| 9
3 3 T | B 3 % | = | B S| & | @2
| ¢ ) | B| 2 | €| §| & 5] & @
s| 3| & a| 8| & S| ¥| E| | 5| 8
9 4 4 o o W Wi 4 Q @] @] 3
PKF6 16 - 20 21 - - - - - - _ -
PKF38 13 - 20 15 - - - - - - _ -
PKF59 10 - 16 8 - - - - - - _ -
PKF60 17 | - 20 | 15 | 7 - - - - - - -
PKF61 10 - 21 18 - 3 - - - - _ -
PKFT77 5 - 20 13 - - - - - 18 10 15
PKF104 9 11 | 12 | 14 - 6 . ; ] 9 8 ]
PKF105 - - 5 - - - - - - 20 20 15
PKF116 - - - - 3 : - - - Irp 8 | 10
PKF121 5 10 20 14 6 - - - - 10 5 3
PKF124 3 10 23 - - = - - - _ _ -
PKF125 7 12 25 13 14 - = - - - _ _
PKF127 11 11 20 20 15 - \ y - _ _ -
PKF145 - - - - - - - - - 5 5 10
PKF152 - - - 9 5 - 7 11 7 5 - 3
PKF161 5 5 15 7 5 - - - - - - 5

() laitfim inhibition zone
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o

INNANIINABINUARILLAISIT 3.2 uandlilinudn weswie 16 anewugldneninly

nsasnansufdiuseanuidiuiuaiisuasdadildluntsveaaulawandieiuly wagmindn

a

naueTInNAENTRNSULTegaunsdazaunsadaeentily 4 ngu laun

v
Q‘ ! IS

- ngudl 1 Renguiosiiladrianseangvislungu narrow spectrum lagasdigvireiouuaiiGe
unsuuanyiy WeslunguiUsznouluduanewug PKF6, PKF38, PKF59, PKF60, PKF61,
PKF124, PKF125 uay PKF127

- nquil 2 Aenquiiasiiadrsansoongnilungy narow spectrum lagazdiqnd soidedan
wihttu Weslunguiiusenouludeaeius PKF116 way PKF145

- nauil 3 AendunosiiladuanseengvisislgnideidouuaiiBounsuuin uay Bad Woslu
nauiiUsenaulUfeanetus PKF77, PKF105, PKF121 way PKF161

- ngudl 4 2 Aenduilosiiladraanseengudlunga broad spectrum Tngazdlgvisneitouuniiids
unsuuan wuafiieunsuau uasdad 1Weslungudusznevludieatswus PKF104 wax
PKF152

uenaniifamuinfides 6 aneus Wiun AannsooongrsdudouuadiZeronn MRSA Téur
PKF104, PKF121, PKF124, PKF125, PKF127 ey PKF161

$%
[

& Y ! v ¢ & d‘ v = &
Nﬁﬂ’]i‘ﬂfﬂﬁ@\‘iuLLﬁ@\‘iI‘WLﬁﬁu@']ﬂ’]EJWUﬁ:UE)\TLGUEJTWILLEJﬂl@ﬁ]’]ﬂﬂ?iﬁﬂ‘H’]ﬂiﬂu

a o

neATWhU
d‘ o Y 1 dl' %3 aa o U [ a dy QIIA:{ ‘&J
nsnazihanldAnwiseiieinueUfvuedmsulslunisinulsainiendanvguiannae

foela
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3.3 msduunviavaation

idesfiuenldiis 16 meiusinSuunelslasgdnuvazvedelaidiituuuaiuemis
Ao (maefl 3.1) mafednuasidule wer avesfiviunielindosansemd nud Wesiis
16 aewug dndvajadaduledun Wauddwdes aosiuivn dvdes Aderomm T
udedan dulvginunisasns asexual spores wiin conidiospores vilasulaegansne 9 31
o 16 aneug Wrvzeglu Phylum Ascomycota tluwndn

0g3lsAR NMssuunlesilusedu genus waz species wdesliloyavesafuauy

d@u Internal Transcribed Spacer (ITS) 98udos 1WA wvin1sdnngudndunds tne TS 1u

drueguudlunvediiesn daueausennnd 650 89 750 diua Uszneulumgdiuiniienin

a o 4

ITS1-8u 5.85 rRNAITS2 diauandluguil 3.1 &3 ITS daiduarundgunvimdinacs WWuusm
v L3 0O Y a = 6 a aaa 1 a IS LY Y .

ausn¥vasanuilandlolnalud «liviauwsazain wazllauduwUsn1aWugNIsy (genetic
variation) asnidrsiuihndlelnaluuiinaeu sbiansadildlunsduunsiinvessalid
Lﬁmﬁ’uaamﬁwawawﬁuﬂﬁ (Das & Deb, 2015) Aetun1sILUNYDINAEITNILIENAT
Jeuldnswssuieuainuiuavasdlu TS 4

= o v a = ¢ & & v & & ] .

Fanrsmanuianalelnauu ITS veaes191e 16 aenug lunismaaesiiagld primer
¥ ITS4 uag ITS5 (U7 3.1) (Gardes & Bruns, 1996) dmSun1siiudnuIufiudiuves ITS 210
AUV UY5192835 PCR Favunauag9azdanlaandliluuni 2 (8anidunuiiy) Fve

2.6 LAy U9 2.8

ITS5
2 ITS1 ITS2
18S tRNA |_m_| 78S rRNA

4

ITS4

| |
|
ITS region

5UM 3.1 uanseuve Internal Transcribed Spacer (ITS) UShaad rRNA 8u lagdiugnasuans
FLNUIYBY primers ITS4 wag TS5
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feunthaEduluauudIu ITS veudasva 16 a1eug LUvin1g BLAST (basic local
alignment search tool) L 8%1 genus waz species 18914 831 Tnan1s BLAST azidunns
Wsuiisudu ITS vesniuenldfuidonimmuriauddtnenililugudeys ansine
famhmaIeudieudduuauu IS veaton 16 mav"v’uﬁ:ﬁ’uLs?"ijaﬁwﬁa&ﬂugm%’a;ga 3 514
% GenBank, EzFungi wag UNITE @swanis BLAST wansl3lumnsnsdt 3.3

Famseuiisuaauualegldgiudeyaninnit 1 grudeyatuliasdunsdelunis

Janquuarduduriinvesdaliuiugiunniuy
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M19199 3.3 AuduiusvesauiliAdlelnauudIu ITS veudes i 16 aewug Auwesilugiudeua GenBank, EzFung wag UNITE

]
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GenBank

EzFungi

UNITE

GUT! . . Similarity . Similarity . , Similarity
Closest relative strains Closest relative strains Closest relative strains
(%) (%) (%)
PKF6 Aspergillus flavus SGE22 100% Aspergillus flavus WM10.84 100% Aspergillus flavus SGE22 100%
PKF38 Aspergillus flavus MBSF 1 99% Aspergillus flavus UCDF1 94.4% Aspergillus flavus MSAR1 99.1%
PKF59 Aspergillus nomius MF63 98% Aspergillus nomius PEIPDFF22 95.2% Aspergillus nomius DT 2 5 2 98.3%
PKF60 Aspergillus flavus MBSF 1 100% Aspergillus flavus 100% Aspergillus flavus MSAR1 100%
PKF61 Aspergillus oryzae asemoK 95% Aspergillus flavus UCDF1 96.9% Aspergillus oryzae asemoK 95.4%
PKF77 Aspergillus flavipes NZ-3 99% Aspergillus flavipes SEFN2 99.7% Aspergillus flavipes NZ-3 99%
) Clonostachys rogersoniana ]
PKF104 Clonostachys rogersoniana P62 100% cBss 100% Clonostachys rogersoniana P62 100%
PKF105 Aspergillus micronesiensis DTO266-D3 100% Aspergillus flavipes NRRL295 100% Aspersgillus micronesiensis DTO266-D3 100%
PKF116 Aspergillus flavipes IHBF2335 100% Aspergillus flavipes NRRL295 100% Aspergillus flavipes IHBF2335 100%
PKF121 Penicillium citrinum F5 100% Penicillium citrinum 25A 100% Penicillium citrinum F5 100%
Talaromyces allahabadensis ) Talaromyces allahabadensis
PKF124 95% Talaromyces radicus SL-36 100% 99.8%
NRRL62157 NRRL62157
PKF125 Penicillium citrinum IFM63148 100% Penicillium citrinum 27A 100% Penicillium citrinum IFM63148 100%
PKF127 Penicillium citrinum F5 100% Penicillium citrinum 27A 100% Penicillium citrinum F5 100%
PKF145 Aspergillus flavipes IHBF 2335 100% Aspergillus flavipes NRRL295 100% Aspergillus flavipes IHBF2335 100%
Talaromyces purpureogenus Talaromyces purpureogenus Talaromyces purpureogenus
PKF152 yiees puip d 99% yees paip s 100% yees paip s 99%
5QU14109 DTO173E6 SQU14109
PKF161 Aspergillus niger isolate R 99% Aspergillus awamori F6310 100% Aspergillus awamori CBS557.65 99.3%
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PnuaAUFURusvesaduiliadlelnduudiu ITS vealasine 16 aeviug dulesily
Futeya (113199 3.3) wandliiud WesdulngAvenliannisdnwdiduesly senus
Aspergillus waznuldesiteausdiuaglu genus Penicillium, Talaromyces wag Clonostachys
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wandlififiuindes 3 aeiugiienuedendeiuide Aspergillus flavipes wndtgn Faduidesn
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3 grudona Tinadldnsaturiomn laenns BLAST voudevia 4 aetugilvinadimdoudulu 2
giudoyaintu 1wy Weaeius PKF61 Tikanns BLAST anngiudiosa GenBank way UNITE aseiy
A 1@e Aspersillus oryzae wiguleua EzFungi ndulinainde PKF61 faundiendatuiie
Aspergillus flavus Taglul a.a. 2012 UARLNYOY Park WazAng (Park et al., 2012) na1li131n13
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Aspereillus micronesiensis, PKF124 @ aLsﬁya Talaromyces allahabadensi Wag PKF161 @ E)L%u ®
Aspergillus awamori

MnnsAnwTeufisudduiesdiuauy ITS veadesifa 16 aewug leviin1s BLAST
fuideonfleglugiutoya GenBank, EzFungi way UNITE anunsnagUsiinveadosi 16 aeiusléd

AILEAIL UM 3.4
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M15197 3.4 N15TMUNLYDIWIY 16 @1eus luseaU genus wag species LABTATILNAINNANTT

BLAST ﬁlﬁmﬂim%’ayja GenBank, EzFungi uag UNITE

mﬂﬁ'uﬁ:%aaﬁ?asﬁﬁl,wﬂmnﬁu yiaveudeluszau genus-species
PKF6, PKF38, PKF60 Aspergillus flavus
PKF77, PKF116, PKF145 Aspergillus flavipes
PKF121, PKF125, PKF127 Penicillium citrinum
PKF59 Aspergillus nomius
PKF61 Aspersgillus oryzae
PKF104 Clonostachys rogersoniana
PKF105 Aspergillus micronesiensis
PKF124 Talaromyces allahabadensi
PKF152 Talaromyces purpureogenus
PKF161 Aspergillus awamori

3.4 M3ANYIANUFURUSUAZAIETIUUINTVRAUYDT 16 A18WUTAE ITS
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I Weosaeiug PKF Muenldainfudanuduiusindifgaiuidenaeiuiuninsgiuaing uteya
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luvuesfeniuiuiieasiug PKF77, PKF116 wag PKF145 fidlanduiiadlelnduudiuees ITS
AdEAGIUTe Aspergillus flavipes F9R1NUNUYRITMUINSARAASITILIWT oaneug PKFT7,
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T PKF121, PKF125 uag PKF127 fuid e Penicillium citrinum 13 oanesiug PKF59 fuide
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Aspergillus oryzae asemol (GenBank and UNITE)

|7F'KFE~

PKF38

PKFBO

PKFB1

Aspergillus flavus SGE22 (GenBank and UMNITE)

88 Aspergillus flavus WM10.84 (EzFungi)

Aspergillus flavus UCOF1 (EzFungi)

Aspergillus flavus (EzFungi)

Aspergillus flavus MSART (UNITE)

Aspergillus flavus MBSF 1 (GenBank)
Aspergillus nomius OT 2 5 2 {(UNITE)

ES‘|1;

93

Aspergillus nomius PEIPDFF22 (EzFungi)
Aspergillus nomius MFE3 (GenBank)
PKF5%

Aspergillus awamori CBS 557.65 (UNITE)
00 Aspergillus awamori FE310 (EzFungi)

Aspergillus niger R {GenBank)

PKF161

Aspergillus lavipes NRRL4852 (UNITE)
= Aspergillus flavipes NRRL235 (EzFungi)
Aspergillus lavipes SEFMZ2 (EzFungi)
Aspergillus flavipes IHBF2335 (GenBank and UNITE)
Aspergillus micronesiensis DTO266-03 (GenBank and UNITE)
Aspergillus lavipes MNZ-3 (GenBank and UNITE)
PKF145
FPKF118
FPKF105
PKFEYT

Penicillium citrinum LTL4E (UNITE)
D Penicillium citrinum 275 (EzFungi)

Penicillium citrinum 254 (EzFungi)
Penicillium citrinum IFMEB3148 {GenBank)
Penicillium citrinum F5 (GenBank)
PKF127
PKF125

PKF121

Talaromyces purpurecgenus SQU14109 (GenBank and UNITE)
100 (L PKF162
Talaromyces purpurogenus DTOAT3EG (EzFungi)

Talaromyces radicus SL-36 (EzFungi)

100 I{ Talaromyces allahabadensis NRRLE2157 (GenBank and UMNITE)

PKF124
|— Clonostachys rogersoniana CB5582.8% (EzFungi)

0.05

5UN 3.2 unugTiTaunnisuuu

100 L[ Clonostachys rogersoniana PB2 {GenBank and UNITE)
PrF104

Neighbor-joining ¥adl¥as1a8 WU PKF fulasianeiugsiig « Tu

g1utaya GenBank, EzFungi Uay UNITE
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ATNHNUIN N.
dvuiiaalelndvesdu TS voud e PKF6, PKF38, PK59, PK60, PK61, PKF77, PKF104,
PKF105, PKF116, PKF121, PKF124, PKF125, PKF127, PKF145, PKF152uay PK161

>PKF6
CCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATTCATGGCCGCCGGGGGECTCTCAGLCCCC
GGGCCCGCGCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGT TGATTGTATCGC
AATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGAT
AACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTC
CGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCC
CCTCTCCGGGGEEGEEACGGEECCCCAAAGGCAGCGGLCGGCACCGCETCCGATCCTCGAGCGTATGGGGLT
TTGTCACCCGCTCTGTAGGCCCGGCCEGCECTTGCCGAACGCAAATCAATCTTTTTCCAGGTTGACCTC
GGATCAGGTAGGGATACCCGCTGAACTTAAGCTATA

>PKF38
CAGGATCTTACCGAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTG
CTTCGGCGGCCCCTCCATTCTTGGGCTCCGAGGEGETCGCCGCCCCTGCCTTTGGEELCCGTCCCCCCC
GGAGAGGGGACGACGACCCAACGCACAAGCCGTGCTTGATGGGCAGCAATGACGCTCGGACAGGCATG
CCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGACTCGATGATTCACGGAATTCTGCAATTCAC
ACTAGTTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAACAGATCCGTTGTTGAAAGTTTTA
ACTGATTGCGATACAATCAACTCGGACT TCGCGTAGTCACAACGAAGTCCGGGEEGECCTCCGGLGEET
GCGGGCCCGGCGCTGACAGCCCCCGGELGEGELCTTGAGTGGCGGGECCCTCCGAACCCCTACGGTACGLCC
AGCCGGTGGGGEGEEGETGGGCTCGTCAGGCATTCTCCACGCTGACATGAGACCTCGT

>PKF59
GACATTAGCGACGTGTAGGGGTCATAGAGCGAGCCCACCTCCCACCGTGCTTTCGGTACCTAAGAGGG
GGTGACGGAGCCCCCTACGCTCGAGGATCGGACGLEETGCCGCCECTGCCTTTAGGGCCCGACCCCGL
ACTCAGAACGATCTAGTGAAGTCTGAGTTGATTGTTGCGGGATCGGAATGAAACTTTGGACAGGGGTGC
CCCCTGGAATACCAGGGGGCGCAATGTGCGGCCAAATGCTCGATGATTCAGGGAATTGTGGAATTCCC
AGTATTTTTCGGTCTTTGAACGCACATTGCGCCCCCTGGGATTCCGGAGATCCATTGTTGAAAGTTTTA
ACTGATTGCGATACAATCAAGTCTGACTTCACTAGATCGTTCAGAGT TCGTGGGG
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>PKF60

TAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGT TGCTTCGGCGGGCCCGCCATTCATGGCC
GCCGGGGEGCTCTCAGCCCCGGGELCCGCGLCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAG
TCTGAGTTGATTGTATCGCAATCAGTTAAAACT TTCAACAGTGGATCTCTTGGTTCCGGCATCGATGAA
GAACGCAGCGAAATGCGATAACTAGTGTGAATTGCATAATTCCGTGAATCATCTATTCTTGGAACCCTC
ATTGCGCCCCCGGGTATTCCAGGGGGTGTGGAAGGCTTTAAGTGATTGCTACCCATTCAACTCGGATTT
CGTGTTGTCAGACCGACTTCGTGGTGGCTCCGGCGEELECEEECCCGEEECTGAGAGCCCCCGGLEEL
CATGAATGGCGGGGCCGTCGAAGCAACTAACGGACAGTAAACACGGGTGGGAGGTTGGGCTCGCTAGG
AACCCTACACGCGGACATGATACTTCGGCAGGTTCCCCGCTG

>PKF61
GAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGT TGCTTCGGCGGGLCC
CGCCATTCATGGCCGCCGGGGEGCTCTCAGCCCCGGGELCCGCGLCCCGCCGGAGACACCACGAACTCTGT
CTGATCTAGTGAAGTCTGAGTTGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTC
CGGCATCGATGAAGAACGCAACGAAATGCTATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAG
TCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGEETGTGCCAGGCCTAAACTGATTGCTGCCCAA
TCAGCTCGGATTTCGTGTTGGGTCACAGAGTTCGTGGTGGCTCCGGCGGEELCECGGGLCCCGGGCTGAG
AACCCCCGGCGGCCATGAATGGCGGGGCCGTCTAAGCAACTAACGGACAGTAAACACGGGTGTGAGGT
TGGGCTC

>PKF77

TCCCTCGTGGCCCACCTCCCACCCGTGACTACTGTACCACTGT TGCTTCGGCGGGCCCGCCAGCGETCTG
CTGGCCGCCGGEGEEEGETTCCGCCCCTGECTTTCGGGLCCGCCCCCCCGGEEGGACGAAGACCCTATTC
AAAGCCGGGCTGAAGGCCATTCTTGTGCGATCGGATAGGACT TTCCCCCGGAATCTCGGGGGTCCAGC
GTCGATGAAAAAACCCGCGAATTGCCGAAACTAATGTGTAATGTAGAATTTCGGTGATTCCCCGAGGTC
TTTAACGCACCTGGACCCCCCGGTCTTTCGGGGGGEGTTTCAGT TCATACCAAAAATCCGGCCTCCAAC
CGGGTTTGGAATGGGGETGTTCGTGTCGGGEGETCGGECEGECCCGEGEECCCGGEEECEGGAACCCCLCCCG
GGGCCTCGAGAATATGGGGGGTCCCCCCAAGCTATGAGGGLCCGGCLCGGLCCCCGGCCGGAAGGTAGGC
TTTTATTTTTCCGGGTGAGCTTGGATCCTGTCGGGGTTCCCGCTGAAATAAGCGTTCAAAA
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>PKF104
CATACCTATCGTTGCTTCGGCGGGATCGCCCCGGGECECCTTGTGTGCCCCGGATCCAGGCACCCGLLG
GGGGACCTTAACTCTTGTTTTATTTAGAATCTTCTGAGTAGTTTTTACAAATAAATAAAAACTTTCAACA
ACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAAAAGTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAG
CGTCATTTCAACCCTCATACCCCTAGGGTGTGGTGTTGGGGATCGGCCAAGGCCCGCAAGGGACGGLC
GGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTAATATTCCGCATCGGAGAA
GCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCTAAGGTTGACCTCAGATCAGGTAGGAATACCCGCT
GAACTTAAGCATATCTA

>PKF105
CCTCCCACCCGTGACTACTGTACCACTGTTGCTTCGGCGGGLCCCGCCAGCCTAGCTGGCCGLCGGEEE
GCTTCTGCCCCCGGGCCLCGCECCCGCCGGAGACCCCAACACGAACACTGTTTCTGAAAGCCTGTATGA
ATCCGATTCTTTGTAATCAGTTAAAACT TTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACG
CAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGC
GCCCCCTGGTATTCCGGGGGGECATGCCTGTCCGAGCGTCATTACTGCCCTCAAGCCCGGCTTGTATTG
GGTCCTCGTCCCCCCGGGGACGGGCCCGAAAGGCAGCGGECGEGCACCGCGTCCGGTCCTCGAGCGETATG
GGGCTTTGTCACCCGCTCTGGAGGCCCGGCCGGCGCCAGCCCACGCAGATCATCCTTTTTTTCAGGTTG
ACCTCGGATCATGTA

>PKF116

CCTCCCACCCGTGACTACTGTACCACTGTTGCT TCGGCGGGCCCGCCAGCCTAGCTGGLCCGLCGGEEE
GCTTCTGCCCCCGGEGECCCGCGCCCGCCGGAGACCCCAACACGAACACTGETTTCTGAAAGCCTGTATGA
ATCCGATTCTTTGTAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACG
CAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGC
GCCCCCTGGTATTCCGGGGEGGECATGCCTGTCCGAGCGTCATTACTGCCCTCAAGCCCGGCTTGTATTG
GGTCCTCGTCCCCCCGGGEEACGGGLCCCGAAAGGCAGCGGCGGCACCGCETCCGGTCCTCGAGCGTATG
GGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCCAGCCCACGCAGATCATCCTTTTTTTCAGGTTG
ACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAT
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>PKF121
GTGTTGCCCGAACCTATGTTGCCTCGGCGGGECCCCGCGCCCGCCGACGGCCCCCCTGAACGLTGTCTG
AAGTTGCAGTCTGAGACCTATAACGAAATTAGT TAAAACTTTCAACAACGGATCTCTTGGTTCCGGCAT
CGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAAT TCAGTGAATCATCGAGTCTTTG
AACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCC
GGCTTGTGTGTTGGGCCCCGTCCCCCCCGCCGGEGEEEEACGGGECCCGAAAGGCAGCGGLEGLGLCGLE
TCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTAGTAGGCCCGGCCGGCGCCAGCCGACCLCC
AACCTTTAATTATCTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAAC

>PKF124
CTGCAGTGTACACTTACCGAAGCCTCTGCAGCCGCGCAAGCGGTAGGCCCGAGCGACTCTCTAAACAA
GTCGGCGCCGTTGCAAGTCCCAGGGCTTTCCCTCCCGGAAAGCCCCCGGGGCGACACTCTCGAATTGA
CGGGGACACCCTAAAGCCAGTCGCGCCAACCCGCCGGGAGAAATCCCTCGGEGEGECCTGTGTTAACCGC
ACAGGGTACGGTAACAGACGATCTGGATACTTCTGCCTCCCGCAGAGACCATGGGCAATCCGCAGCGA
AGCCCCTAAAGCCCTCGCGGGCCATGGGGAACGTTCACAGACTAAGTGTGAGTGGGGTGGAGGCCGAG
CCTCCGCTTAAGATATAGTCGGGCTCCCCGAGAGATCGGGGGGACAAGTACACTGAACTTCAAGCCGTT
CCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTGCGGGTTCGAACGAGCCCAACCTCCCACCCGTG
TCTACTGTTACCGCGTTGCTTCGGCGGGCCCACTGGGECCTCGCCCCGGETCGCCGGEGEEETTCTTGCC
CCCGGGCCCGCGECCCGCCGAAGCGLCCTGGAACCCTGTCTGAATAGTGAGTCTGAGTGAGAGATTGAA
TCATTAAAACTTTCAACAACGGATCTCTTGGT TCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAG
TAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGG
GGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCCAGCACGGCTGGGETGATTTGTGCTGTCCCCCCG
GATACACGCCTCAAAACCCGTGGGGEGETCTCCGCGTCGGGAACCTCCAGCGTATGGGGCTCTGTCCCCA
CCTGGTGAGGGACTCGCTCGGGGCTAGTCTTCCCCCAGGTGCCCATTTGGGGGTCAGTG
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>PKF125
CCTCCCACCCGTGTTGCCCGAACCTATGTTGCCTCGGCGGGECCCCGCGLCCCGCCGACGGLCLCCCLTGA
ACGCTGTCTGAAGTTGCAGTCTGAGACCTATAACGAAATTAGTTAAAACTTTCAACAACGGATCTCTTG
GTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCAT
CGAGTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGC
CCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCCCCCCGLCGGEEEEACGEGECCCGAAAGGCAGLCGGL
GGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTAGTAGGCCCGGCCGGCGCCAG
CCGACCCCCAACCTTTAATTATCTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
TATCAATAAAC

>PKF127
GTGTTGCCCGAACCTATGTTGCCTCGGCGGGECLCCGCGLCCCGCCGACGGCCCCCCTGAACGCTETCTG
AAGTTGCAGTCTGAGACCTATAACGAAATTAGT TAAAACTTTCAACAACGGATCTCTTGGTTCCGGCAT
CGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTG
AACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCC
GGCTTGTGTGTTGGGCCCCETCCCCCCCGLCEEEEEEACGEECACCGAAAGGCAGCGGLGGLELLCELG
TCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTAGTAGGCCCGGCCGGCGCCATCCGACCCLC
AACCTTTAATTATCTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAAC

>PKF145
GAGTGAGGGTCCTCGTGGCCCAACCTCCCACCCGTGACTACTGTACCACTGTTGCTTCGGCGGGLCCCG
CCAGCCTAGCTGGCCGCCGEEEGEELCTTCTGCCCCCGGECCCGCGCCCGCCGGAGACCCCAACACGAAC
ACTGTTTCTGAAAGCCTGTATGAATCCGATTCTTTGTAATCAGTTAAAACTTTCAACAATGGATCTCTTG
GTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCAT
CGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTACTGC
CCTCAAGCCCGGCTTGTATTGGGTCCTCGTCCCCCCGGGGACGGGECCCGAAAGGCAGCGGCGGCACCG
CGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCCAGCCCACGCA
GATCATCCTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCTA
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>PKF152
CACCTGTTGCTTCGGCGGGCCCACCGGGGECCACCCEGETCGCCGGEGEGEACATCCTGETCCCCGGELLCEL
GCCCGCCGAGGCGCTCTGTGAACCCTGATGAAGATGGGCTGTCTGAGTGATTATGAAAATTGTCAAAAC
TTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT
TGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGLC
TGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCGGGGACCTGCC
CGAAAGGCAGCGGCGACGTCCGTCTGGTCCTCGAGCGTATGGGGCTCTGTCACTCGCTCGGGAAGGAC
CTGCGGGGGTTGGTCACCACCACATCTTTTTACAAGGTTGACCTCGGATCATGTAGGAGTTACCCGCTG
AACTTAATCATATCATA

>PKF161
ATCCGTGTCTATTGTACCCTGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGEEGEEGECETCTCT
GCCCCCCGGEGECCCOETGCCCGCCGCAGACCCCAACACGAACACTGTCTGAAAGCGTGCAGTCTGAGT TG
ATTGAATGCAATCAGT TAAAACTTTCAACAATGGATCTCTTGGT TCCGGCATCGATGAAGAACGCAGCG
AAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCC
CTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGET
CGCCGTCCCCCTCTCGEEEEEEEEACGECCCGEACCCGGEEEGECAGACACCCCCCCCCAGCCGCCAA
CAAACGGCGGTTTCTCCGAAGCACCAGGGTACTATACACACCGAGGGGAGG
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Filamentous Fungi PKF121 Isolated from Dry
Dipterocarp Forest Soil in Northeast Thailand

Produces Antimicrobial Agents Active against
Methicillin-Resistant Staphylococcus aureus

Phimpha Khowangklang and Nawarat Nantapong™

Abstract— An antimicrobial-producing fungi PKF121 strain was
isolated from dry dipterocarp forest soil in Suranaree University of
Technology, Nakhon Ratchasima, Thailand. Morphological
characteristics of PKF121 showed grayish green color, granular
powdery colony and septate hyphae which indicated the genus
Penicillium. The species level of PKFI21 was determined by the
internal transcribed spacer (ITS) sequence analysis. The results of
morphological characteristics and ITS sequence analysis, thus,
concluded that PKF121 could be classified as P. citrinum.
Antimicrobial activity analysis showed that PKF121 was active
against Staphylococcus aureus, Bacillus subtilis, Bacillus cereus,
Candida albicans, Saccharomyces cerevisiae as well as drug-
resistant strain, methicillin-resistant Staphylococcus aureus (MRSA).

Keywords—Antimicrobial,  Penicillium, Methicillin-resistant

Staphylococcus aureus, MRSA.

I. INTRODUCTION

Infectious diseases caused by pathogenic microorganisms
including drug-resistant bacteria have been the leading cause
of illness and death in human [1]. The major type of drug-
resistant bacterial strains causing infectious diseases include
methicillin-resistant  Staphylococcus (MRSA),
vancomycin-resistant  Staphylococcus (VRSA),
vancomycin-resistant Enterococcus (VRE), penicillin-resistant
Streptococcus  pneumonia (PRSP) and multidrug-resistant
Clostridium  difficile (MDR) [2]. Methicillin-resistant
Staphylococcus aureus (MRSA) is a major cause of hospital-
acquired infection. It leads to a higher medical cost, prolonged
hospital stay and increased mortality [3]. Thus, there is an
increasing need of new and effective drugs for the treatment of
infectious diseases. One potential source of novel antibiotics is
microorganisms. Many previous studies have shown that
antimicrobial-producing ~ microorganisms  are  widely
distributed in natural habitats, especially in soil [4-8]. Soil
important source for bioactive
secondary metabolites such as antimicrobial drugs, anticancer
drugs, insecticides and herbicides [9, 10]. Soil microorganisms

aureus
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microorganisms are an
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that are commonly found to produce antibiotics include
actinomycetes (70%), fungi (20%) and eubacteria (10%) [11].
In comparison to other natural sources, microorganisms is
highly diverse but narrowly explored. The study based on the
estimation of microbial populations has showed that only 1%
of bacteria and 5% of fungi have been classified. The rest
remain unexplored for their antimicrobial activity [12].

Soil fungi play an important role within the soil in relation
to nutrient cycling and disease suppression [13, 14]. Since the
1940s, fungi have been used for the production of antibiotics
[11]. Antimicrobial drugs produced by fungi include penicillin,
cephalosporin, griseofulvin, fumagillin and fusidic acid [15-
17]. Several methods were used for classification and
identification of fungi which included colony morphology, cell
morphology and ITS sequence analysis. However, the
combination of macroscopic characteristics, microscopic
characteristics and sequence analysis of ITS enabled an
identification of fungi to the genus-species level [18, 19].

It has been reported that 32.1% of Thailand is covered by
various forest habitats [20]. Although, the study of microbial
diversity in Thailand have been conducted, an investigation of
soil microorganisms including fungi from many part of
Thailand remain unexplored. Thus, the present study was
focused on the isolation and identification of antimicrobial-
producing fungi from forest soil in Nakhon Ratchasima
province, Thailand where the study of antimicrobial-producing
fungi has never been reported.

[I. MATERIALS AND METHODS

A. Sample Collection

Soil Samples were collected from different area in
Suranaree University of Technology, Nakhon Ratchasima,
Thailand. Soil samples were randomly taken at 10-15 cm
depth from surface. The soil were kept in polypropylene bags
and transferred to the laboratory in icebox.

B. Media and Culture Conditions

Potato dextrose broth (PDB), potato dextrose agar (PDA)
and Muller-Hinton agar (MHA) were purchased from Hi-
Media, India. Sabouraud dextrose agar (SDA) was prepared by
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dissolving 10 g of peptone, 40 g of glucose and 15 g of agar in
1 L of water and adjusted a pH to 5.6. PDA and PDB medium
were used for isolation and cultivation of fungi. Cultivation
temperature of fungal strain was 28 °C. MHA and SDA were
used for the determination of antimicrobial activity. The
incubation temperature for antimicrobial activity test was 37
°C.

C. Strain of Test Pathogens

The pathogenic strains used in this study were purchased
from Department of Medical Sciences Thailand (DMST) and
Thailand Institute of Scientific and Technological Research
(TISTR). They were Staphylococcus aureus TISTR1466,
methicillin-resistant ~ Staphylococcus — aureus DMST20654
(MRSA), Bacillus subtilis TISTR008, Bacillus cereus
TISTR687, Candida albicans TISTR5779, Candida tropicalis
TISTRS5174 and Saccharomyces cerevisiae TISTR5049,

D. Isolation of Fungi from Soil Sample

One gram of soil samples was suspended in Erlenmeyer
flask containing 99 ml sterile water and incubated at room
temperature with shaking condition for 30 min. Soil
suspension was serially diluted and spreaded onto PDA plates
supplemented with 50 mg/l chloramphenicol. The plates were
incubated at room temperature for 7-14 days. After incubation,
the suspected fungal colonies were sub-cultured to PDA plates
without antibiotics and used for further study.

E. Determination of Antimicrobial Activity

The antimicrobial activity of soil isolates were determined
by cross-streak method. The fungal isolate was inoculated on
MHA or SDA by streaking at one side of a petri dish. MHA
medium was used for bacterial sensitivity test while SDA
medium was used for yeast sensitivity test. The plates were
incubated at 28°C for 5 days to allow the organisms to produce
and release antimicrobial substance into the agar. After
incubation, the test pathogens were streaked perpendicularly to
the line of fungal colonies and incubated at 37°C for 24-48 h.
The zone of inhibition in millimeter against pathogenic strains
was measured.

F. The Internal Transcribed Spacer (ITS) Region
Sequencing and Sequence Analysis

Genomics DNA of fungal strain was isolated from cell
grown in 10 ml PDB at 28°C with 200 rpm shaking condition
for 5 days. Extraction of fungal genomic DNA was performed
as described by Al-Samarrai & Schmid (2000) [21]. The
fungal genomic DNA was used as DNA template for PCR
amplification of ITS region. The PCR amplification of ITS
region was performed by using universal primer, ITS5 (5° —
GGAAGTAAAAGTCGTAACAAGG — 3°) and ITS4 (5° —
TCCTCCGCTTATTGATATGC - 3°) [22]. The thermal
cycling conditions were as follows: initial denaturation at 95°C
for 5 min followed by 30 cycles of denaturation at 95°C for 30
sec, annealing at 50°C for 1 min, extension at 72°C for 1 min
and final extension at 72°C for 7 min. The amplified fragments
were purified using Nuc]eoSpin® Gel and PCR clean-up kit
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(MACHEREY-NAGEL, Germany). The purified PCR product
was submitted for DNA sequencing at Macrogen Inc., Korea.
The sequence of ITS region was compared with known
sequence from NCBI GenBank, database.

III. RESULTS AND DISCUSSION

Natural compounds from soil microorganisms are the most
important source for the production of bioactive agents used in
pharmacy, industry and agriculture [23]. Antimicrobial
metabolites play an important role in the treatment of bacterial
and fungal infectious diseases [24]. The emergence of
antibiotic-resistant  bacteria decreases the efficacy of
therapeutic drugs [25]. Therefore, it is necessary for the search
of the novel effective antibiotics. In this study, we attempted to
isolate the antimicrobial-producing fungi from forest soil in
Suranaree University of Technology. This area is covered with
dry dipterocarp forest. Dry dipterocarp forest soil is less water
retention, sandy loam or gravel and low nutrients which could
establish slightly extreme condition. Microorganisms live
under an extreme condition usually produce the secondary
metabolites such as antibiotics and other defensive compounds
for their survival [26]. It has been shown that soil from dry
dipterocarp forest in Suranaree University of Technology in
northeast of Thailand contains a variety of antibiotic-
producing actinomycetes [27]. Therefore, the screening and
isolation of fungal strain from this area might lead to the
discovery of antibiotic drugs to combat pathogenic organisms
especially, drug-resistant strain.

A. Isolation and Classification of Soil Fungi PKF121

In this study we obtained antimicrobial-producing fungal
strain, PKF121 from forest soil in Suranaree University of
Technology, Thailand. This strain showed antimicrobial
activity against test pathogens which were Gram-positive
bacteria and yeasts. The identification of PKF121 was based
on colony morphology, cell morphology and ITS sequence.
The colony of PKF121 appeared grayish green color with a
white periphery, granular powdery colony and the reverse side
showed pale to yellowish in color on PDA medium (Fig. 1A-
1B). PKF121 showed septate hyphae with globose to sub-
globose conidia and philides flask shaped (Fig. 1C). From
these results, it could be suggested that PKF121 might belong
to the genus Penicillium. The macroscopic and microscopic
characteristics of PKF121 are summarized in Table 1.
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TABLE 1:
MACROSCOPIC AND MICROSCOPIC MORPHOLOGIES OF PKF121
Characteristics Observation
Surface texture Velutinous

Colony growth appear
Color of aerial mycelium
Color of the reverse

Radially sulcate
Greyish-turquoise with a white periphery
Pale yellow

Hyphae Septate hyphae, Smooth-walled
Phialides Flask-shaped
Conidia Globose to sub-globose

The internal transcribed spacer (ITS) sequence analysis
was used for the identification of PKF121 in the species level.
To amplify the ITS region of PKF121, ITSS and ITS4 primers
were used. The sequence of ITS region was blasted and
aligned with known species from NCBI GenBank database.
The blast result of PKFI121 revealed 99% similarity to
Penicillium citrinum strain IFM63148 (Fig. 2). Thus, this

= strain, could be classified as Penicillium citrinum.
i/ LU
Fig. 1: The colony morphology of fungal isolate PKF121 on PDA
medium: (A) obverse; (B) reverse. Cell morphology of
PKF121 under light microscope (C)
PKF121 1 GTGTTGCCCGAACCT TG CCTCGGCGGGCCCCGCGCC(G GA GGCCCCCCTGAAC 60
ENRRRRARNRRNNNRngNs él [LLLLRELLLL lII LLLLLEELLLLLLL]
IFM63148 69 GTGTTGCCCGAACCTATGTTGCCTCGGLGGGCCCCGCGCCCGCCGACGGCCCCCCTGAAC 128
PKF121 61 GCTGTCTGAAGTTGCAGTCTGAG ACCT AACGAAATTAGTTAAAACTTTCAACAACGGA 120
L1111 I [LELLELLLY GL [1] “’Ué” IIIIIlIIIlIIIIIIIIlIIIlII
IFM63148 129 GCTGTCTGAAGTTGCAGTCTGAGACCT: GAAATTAGTTAAAACTTTCAACAACGGA 188
PKF121 121 TCTCTTGGTT(C GCATCGATG AAGAACGCAG AAATGCGATAA GTGAATTGCA 180
LELLLLELLLLT IIIH&\II Illé&lllllllll&ul IIIII ANRRRANNA
IFM63148 189 TCTCTTGGTTCCGGCA TGAA AGCGAAATGCGATAACTAATGTGAATTGCA 248
PKF121 181 GAATT(AG AA CATCGAGTCTTTGAACGCACATTGCG CCCTC GGT. TCCGGAGGGC 240
LELLLLTLLLLL IIAIH RN ARANNNRLNRANENNNY Ié LLLLERLLELELLL]
IFM63148 249 GAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGC 308
PKF121 241 ATGCCTGTC GAGCGTCATTGCTGCCCTCAAGCCCGGCTT TGT TTGGGC(CCGchcc 300
[LILLLL] Iiﬁilllllll é“&llllhllél&lllll Hlélll [L1LLL]
IFM63148 309 ATGCCTGTCCGAGCGTCATT! CCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCCC 368
PKF121 301 cc<GCCGGGGGGACGGGC CGAAAGGCA CGGCGCCGCGTCCGGTCCTCGAGCGTAT 360
LLLLLLLLLTY &l;lil IIIIIHHIIII(]SI([:_# };IIIIIIIIIIIII
IFM63148 369 (CCCGCCGGGG GCCC GGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTAT 428
e e T
IFM63148 429 GGGGCTICGTCACCCGCTCT LG'I’LGGC&CJ%&C((US&GCC AGCCGAI CCLACé‘lTT 488
PKF121 421 TCTCAGGTTGACCTCGGAT(AGGTAGGGATA 453
(11111 IIHII&IH ‘L’AHIIIIIIIII
IFM63148 489 TATCTCAGGTTGACCTCGGATCAGGTAGGGATA; 521

Fig. 2: Alignment sequence between ITS sequence of PKF121 and Penicillium citrinum IFM63148

B. Determination of Antimicrobial Activity of PKF121

The determination of antimicrobial activity of PKF121 was
done by cross-streak method (Fig. 3). The pathogenic strains
used in this study were Staphylococcus aureus TISTR1466,
methicillin-resistant ~ Staphylococcus aureus DMST20654
(MRSA), Bacillus subtilis TISTRO08, Bacillus cereus
TISTR687, Candida albicans TISTR5779, Candida tropicalis
TISTR5174 and Saccharomyces cerevisiae TISTR5049. The
antimicrobial activities of fungal strain PKF121 against test
pathogens are shown in Table 2. The results indicated that
PKF121 exhibited antibacterial activity toward methicillin-
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resistant S. aureus, S. aureus, B. subtilis and B. cereus. The
strain PKF121 showed the highest activity against B. subtilis
(42 mm.) followed by B. cereus (35 mm.), MRSA (29 mm.)
and S. aureus (22 mm.). The PKF121 also showed antiyeast
activity against C. albicans (17 mm.) and S. cerevisiae (8
mm.). Antimicrobial agent produced from PKF121, however,
was not active against C. tropicalis.

In Thailand, the strains of antimicrobial-producing fungi
were isolated from soil collected in Chiang Mai, Khon Kaen,
Bangkok and Nakhon Si Thammarat. They were Neosartoya
hiratsukae, Neosartorya pseudofischeri, Neosartorya spinosa,
Lasiodiplodia theobromae, Sclerotium rolfsii, Phytophthora
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palmivora, Colletotrichum  capsici, Pyricularia grisea,
Alternaria sp., Helminthosporium maydis, Rhizoctonia solani,
Fusarium  oxysporum,  Colletotrichum  gloeosporioides,
Trichoderma harzianum, Aspergillus flavus, Trichoderma
brevicompactum, Trichoderma atroviride, Fusarium solani
and Penicillium sp. [28-31]. However, P. citrinum with
antimicrobial and antiyeast activities was reported from Surat
Thani province in southern part of Thailand [32]. To our best
knowledge, this study provides the first report of antimicrobial
producing P. citrinum isolate from soil in northeast of
Thailand. It should be noted that PKF121 exhibited a
relatively high antibacterial activity against MRSA. The study
of PKF121 may lead to the development of antimicrobial drug
to treat drug-resistant pathogenic strains. Thus, dry dipterocarp
forest soil in Suranaree University of Technology has proven
to be an attractive source for the search of antimicrobial
substances.

Fig. 3: Antimicrobial activity of fungal strain PKFI121 against
pathogenic bacteria (A) and yeasts (B) by cross-streak method

TABLE II:
ANTIMICROBIAL ACTIVITY OF PKF121 AGAINST TEST PATHOGENS BY
CROSS-STREAK METHOD

Zone of inhibition

Test pathogens Bt)
Gram-positive bacteria

Staphylococcus aureus TISTR1466 22
Staphylococcus aureus DMST20654 (MRSA) 29
Bacillus subtilis TISTRO08 42
Bacillus cereus TISTR687 35
Yeasts

Candida albicans TISTR5779 15
Candida tropicalis TISTR5174 0
Saccharomyces cerevisiae TISTR5049 8

IV. CONCLUSION

Fungal strain PKF121 was successfully isolated from dry
dipterocarp forest soil in Suranaree University of Technology,
Thailand. This strain was classified as Penicillium citrinum. It
is active against test pathogens including methicillin-resistant
Staphylococcus aureus. The study of this strain might be
further use for the treatment of MRSA infections.
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