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Tsnanendew, Alzheimer's disease) guisprnulufivsowaduzisadiuy Gnulsauade) uasqrssu
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wuansafiniithaule sndest 2 wia fie SPSF318 Gsiqussueuledivistiuaiio uas
SPSF224. Fsfiqvddhuiouluiuoavhngladinadin  iefiguilendnuaivestioswitaesdas  molecular
method wu31 SPSF318 Whudleswiin Aspercillus flavus way SPSF224 \Judes1wile Penicillium
maximae

TumiﬁﬂmmﬁﬂizﬂaumﬂmﬁLLagqm‘émq%amW%aL%Jaiﬂ SPSF318 (Aspergillus flavus)
Tnesjatiunmsmaaougradueuledlvlstiva  Budensusnansadadu 5 wla 1Wud  ansafndy
iaerfianvesindsntes (BE), msatatuiveninisutosn (BW), asatntuefiaesdimnainidu
Taien (CB), awatndusnigunnduledes (CH) wazansaatunmueanndulodes (M) a3
afn BE uay BW flgvslunsdufueulaiinlstiudluwadualuleivin Bl6F1 eghailifeddy 3
aunsannszUIuNsdaaTsiuaduld uenaintuanmsAnwquifiugain wud1 BE, CE uag BW
ﬁq%‘éﬁmﬁaLLUﬂﬁL‘%SLLﬂi&Jmﬂ laun Staphylococcus aureus, Methicillin-resistant S. aureus (MRSA)
way S. epidermidis WazAuLUATIRELNTUAY 1AL Pseudomonas aeruginosa wag Escherichia coli

MnMsAnwesdUsEneumaall  aunsouena1sdgvsld 4 wfia lduA kojic add,
ditryptophenaline uaz 2,3,5-trihydroxybenzamide Inauenlaann BE wag CE d@auans diglycerol wan
lmmﬂ ™ Faas 2,3,5- -trihydroxybenzamide (CE2) uag diglycerol eldpefisnenuansiiventdan
Bos1wiinid muumm%mmLﬂuiwmua%LLifﬂumsiﬂsNmmi‘wumimﬂmﬂuwaiwumu WazIIN
nsnwgrsnIsTanmuesansiuenls wui kojic acd flgssudueulesilvisdua 7 Tnesden ICs
WU 8.73 pg/ml

Tun3AN¥109AUTENOUNIUANLAZVNENINTININUDATDT SPSF224  (Penicillium
maximae) lagslanageugrsnisdudueuleiveannglafinavesansainainiieosdnad laglEuan
= v & a ! A ] a IS L3 o a IS =1 &
nswseyasanadu 5 ¥lla nandfe Fulefinesdianvatsas (CF) Tulefinasdinnvaidliedtasi (BE)
y . g . A AL Y
FJuanwuvatad (CH) Fuwmusaveseas (CM) warduivesdiisudesn BW) lagiauanuans
] a 1Y) s d' = =~ =1 S Y a i =
nauwuiiulazdanaees  WewSyueunauedansaiawest SPSF224  viawvnwlla wud1l CE &
Usgansnnananlunisidneuyadasemeds DPPH fianudutu 200 lulasniusefiaddns lneden
Jowar 31.25+5.89 waziliUSuaasnauiludauazansnaunanliusengeianre 8.89+0.40 dadinsuuna
daLedaransulvtnuikay 7.73+0.19 fadnsuiAlediudensuiIvinuie auaau
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Hudrndsznoundn Gsanshsuians PM1 finnadudu 2 Sadniusefiadans dquidudaouleiuearh
ngladiaglé@ fedoray 91.83+1.59 uazasnauians PM2 deanunsausnldan CE wuiilarundululd
fazifuansngueyiusveunlsiiussduaransangulnasy

Ateilidunsfnwusnifstunmsineosdtssneumandl  uazgrinaiiinevesans
afinniosn P, maximae Bsosdanuiiildanusaldifudoyadnsds lunisdumewioasiusuuan
Fow etnliwanuduswidondnfasiguamlunisguadinemiusoly

TnsaguuoninitesiasssdiafitnanfAnwesdussnoumanil  uazqridmatanin wui
fuiing  Swmlurdnadaiumadianmmudenifgimdnmia  SduiuiidindanFaian
thaulafteglfifuuvasdnwifnafuansansssund  laglawznmsmanslmifiannsaaniaundue
AULUY (lead compound) Tunsshwlsanisesaly
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wmpaeugvsmstin ey Tasgrsmatinmiidnw andugrsnisdanmiiiraule Teud qus
drueuloilvlstiua qvsduoulesiueariinglading quidueuluiorifanedueaneisa s
arunfufivie waduzise uarragunsdniay Samsdnwluaded Wunmsfnvifiewqdunidan

1 AnUselovd Insoradunrasdnansnaiuisaunluiaun Wusiln deldlusuaals

! = = £ = a = a a = & 4 v W
nlasIN1sneuning e N1sAnwIgVEM@InIMTesRaunssluAuBunIsluiuTng Jawins
UTITNE P 104 Fregne FeUsEneumuasannanlie Trichoderma sp., Aspergillus sp.,
Gongronella sp., Penicillium sp. 37U 4, 12, 2 uag 83 M1 AIUAINU Lagdn 3 AI9L1NY)
Lo 1 a & [ 3 & 1 . . ' < & a o o 1 o
vuztifalianunse figatliendnualveadesild (unidentified) ilueviinla lngthdiegravianue
Wmegaugnd Meinm 5 e toun grsdueuluiinlsiiua Ghvienuiaunfvesded) qud
sueuled woanngladina (Shwumniw) grsinueulsdesdfiansfiueanalsa (Snwilsnaues
id@ow, Alzheimer’s disease) gisnutduiiwsiowaduziiadiiuy (nwlsanzisa) wazgndaunis
SNLEY (SNYIDINTONLEURAY)

MnranIaaemuInd 3 fegnddldanidle Penicillium sp. Slgvsdnueuleiinlsdiua
b (ﬁqméﬁmmﬂ%ﬁlﬂi%ma > 50% fimnudiudu 20 pg/ml) lan SPSFO318BE, SPSFO318CE
WAy SPSFOASBE (ansunasgiuiililunisveaeuiile Uinwn (water extract of Artocarpus
lakoocha) uae kojic acid Tnefigndsnueulusilnlsdiuaintu 98.82 + 3.97 uay 75.46 + 1.80%
MINAIGTU

wagnu 1 fegnadgusiuenledesdfianodueamesadin  Jgvidueuluiesdiia
AoAuLDAMBTA > 80% fimnududu 100 pe/ml) 16un SPSFO13BE (Trichoderma sp.) (ans
wmsguildlunismeaeuiife  Galantamine  fgsdueuluiosifioroduoanesa 97.69 +
0.95%)

wu 14 fegndgndmnuufivdewaduziiaiiuy (MCF-7) 93 @anuduiivae
waduzS LN uLinIdudY 25 pg/ml > 80%) lnendusiagannaisainesingu Penicillium
. . o LX) ) o U dl o U 1 dld

sp., Aspergillus sp. Wag Trichoderma sp. 31U 10, 3 Iy 1 A79813 AIUANU LUBUINIBEN N
Rurewaduzisanuy dmageunnuduivrowaaun® (Human gingival fibroblast (HGF)) wuin



g llfivsaganunfuinndt 20% (Esunsgiulunismaaeuil fie Camptothecin lneflitusie
IadNLIS LU 94.01 £ 0.17% wazfivsowwaauni (HGF) 73.14 + 3.63%)

FWUVBFUNNISNIEY HaNTIYAdeUNY 39 FRegna figvsfiunisdniauiia (Fufanns
w&4 nitric oxide 21 macrophage cell (RAW 264.7) Faudutu 25 pg/ml > 60%) laendu
é}’aa&mmﬂmiaﬁmmﬂL%yaﬁ’mejm Penicillium sp. wag Aspergillus sp. 37U 34 Wag 5 19879
audsu Tnedl 18 drees Aiflfvsewadilinaaouinnin 20% lunsnageugnssnunissniau 19
Indomethacin uasumsgin Tneflqrsdunssniau 61.08 + 0.68 % wariifin deivadiily
negau 25.42 + 2.99 %

dmsumavasouguisiueulsiueaningladioa wu 62 Fpgne Agrssuoules]
weangladinaiia (Flgnsdueulusivearingladna fevundudu 2 me/ml > 70%) lagilu
fhethenansainanides ﬂa;:u Penicillium sp., Aspergillus sp., Trichoderma sp. Wa¥
Gongronella sp. 321UU 54, 4, 2 Uag 2 #8813 ANAINU Tum'i‘wmaaqu‘ééﬁuLaulszjﬁLLaaW’mqiﬂ
fiaat 19 Acarbose (Huanunsnsgiu Ineflgvssueulesiuearnglading 86.87 + 0.66%

mnmsfnsgrimeainmidesduiivun 106 fegn wuindl 4 fhediiiaule e
SPSF318BE, SPSF318CE, SPSF224BE waw SPSF224CE lnenathwia 4 f w1anide 2 wia i
SPSF318 tay SPSF224 ?faﬁaawﬁ%aauﬁuw?ﬁuaﬂﬂfju Penicillium sp. wileufiu Inedesiass won
fu 2 fheghe Ao druiiluansadaty ethyl acetate YD WAL (broth, BE) way a@iuweq
ansafat ethyl acetate vouag (cell, CE)

\Wesnndiegeanansainanesingy Penicillium sp. (SPSF318) Hgwiaduieulal n
Is@wand  Feludagiumsfnwiiemansaiailignsiatunisiueuledidnanaeudimilaein
UONINUUFIDE1NAINAIUVRIENTAATY ethyl acetate Uouwaa (SPSF318CE) 831 qnaNAlunIs
o ) £ 2 a1 I3 2 v v & o =
AuNIIBNLEY wazgrisanuluiivdowaauelsuiuy Gy Penicillium sp. (SPSF318) Feunaula
Tunsihudsaiuusuna weldluniswenansdifgieangns (active compound) sialy

uananiudsiiansiegnafiuiauladn 2 feee fo SPSF224BE uay SPSF224CE iilaann
fovsdueulsiuoavnglafivadis  wasedeiiaedldnniliodentu Ao Penicillium  sp.
(SPSF224)  uawdhedheiaes  Seflgusfialunsdiunsdnay  Tagliduiviumedilivasou
wananiu SPSF224CE daflgnsarundufivrowaduzsaiuuuiunan Inglidufivdewadund
sathu Penicillium sp. (SPSF224) Sadudnnilashetneiivauls lumsthundeaiu U ieldly
mmmmaﬁﬁmﬁaamqwé (active compound) sial

wzavidlunmsinuadiilisannsanuansatniivhaula 210 Penicillium sp. 2 wiln
fio SPSF318 uay SPSF224 flazihluidbadindsing wWeldlumsuenansérdnyiieonar’ (active
compounds) nednwludisusely Tnsamgnismanseengrssnueuleilvlsdiuauazgns fu
wulzduearhngla@ina  audau %ﬁLﬂuqméﬁawiaﬁ’mﬁ”'quiqméﬁiu%umswmaaumﬂaflsaﬁm
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2. vitesuunuiinrendes (Funeal identification) w1 2 wilniaula fie SPSF318 waz SPSF224

3. Wowonansdfanasatmdesn 2 wiln  Tdgvdeweuleilulsdug  wavgvdsdueouled
uearnglading A7 LHuA SPSF318 way SPSF224 aaddy

. iitefnwguiiuoulesilnlstiua wazqrsiueulusiuearinglading vesasuigvsiiuenldain
W01 2 vl Ao SPSF318 WAy SPSF224 snudndfy

. iilefnwlassaamaeiivesansuiaviiiuenld

. lefudeyaatuayunisirldgaunidlufudunidluiuiing Swmiausdna Tumsd gl Aa
Usdlamitamemsuimdnsenssosonidunandasiane
lelfifugudeyansinuigrinisiinmeesydunislufudunisluiiuiing faiaustna
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nsAnwgnsAueulydlnls@iua (Study on anti-tyrosinase activity)

Melanin \Ju pigment fiddey wulu wuade 51 iy dnd wazau gnuadlaeivad
melanocyte Tuguldimila viwihiundesdnnnssd UV lagganduuas UV 10117 lulviviane
RNty Y09 pigment INUTAILAAAGRDIUDER TUAUUTUIM WaznN15NT297Y 983 melanin oyl
melanin Hugnas1alaenszuIun1s melanogenesis AIe enzyme tyrosinase @eagyiliAnufizen
oxidation Tu WasUaIAUAD amino acid tyrosine TUiduansdinats Aavwasuluidy melanin
sold mNNTELINNS melanogenesis Wnxniuly aeviliAnnie hyperpigment tinludniny
AnUnR 1wy fh nse wziSaiamls GsnnsshwmseundlunneRnun@ MAnainnisas1e melanin 110
Auldll sihlalaenisduganisadne melanin {1un1s8uds nsvinauveseuleyd tyrosinase @ed
unumanuddglunsziiunsaiie melanin waznsdudaeululidanunsadssgnaldiu
whitening agent Tuduaualsnun  dnlunenisiness  enahluussendldlunisiia
AunMNERRan1ansinees Tunislestunisifinsesmdn (browning) ety #n walidl 3nnsgn
nszunnla  Fsludagiulalinns@inwiiiem  arsusigmslunissnueulesd  tyrosinase (tyrosinase
inhibitor) Ingdiulvaazainasanuasssu@ W Wy asgaunideneg vise duasigsansin
YU

Tyrosinase inhibitor Faduniidniufuaziinisununldiuegiwnsvans 1w kojic acid uas
arbutin Taevis 2 wiadiduarsnlaunansssund Fednsianlddudiunaurowaniueg wses
d1919 WisRnnauazldidu positive control Tuniswageugvsni1siueulesl tyrosinase (Kim and
Uyama, 2005) @137 2 wiadiduansilaainsssued Ine kojic acid Juaisiilaaniies uway
Wnnldlunwdiens (Bentley, 2006) lutlagiuiinisAunin demansiliu tyrosinase inhibitor fiu

‘g r-ﬂl d‘/-:{ a a Ql'd £ -] 1 ] U
wnTuiemansiivse@nsamia  Yaeadowazanunsatlddssyndldls  dmsudssmalny
13091919 seenfiinuaudRilu whitening agent tu Wufidesnisvemainduegrnn Feansi
I3 . . PN Y] a AY o Moad a O w A a v o § va
\Ju whitening agent MUaendy wazlnanmdtuiieglifvla Nedalsaunednde vilvdiany

N = av P . . 0. a = a & a a a ¢ & A
aulafvsAnuIdumansiilu tyrosinase inhibitor a1nfauvsglufulseazAudune Tununng
Jotausisna lumsihluldlifnusslesiimsnisunmdvsonsregendunansineinne

Wesnntulssmeveasiy - Jayulnsegidudiuiuann  wasilifissunsvdawintgy - ild

S v | = | £ v O ¢
egugvsluad Wy Uinwim (Tengamnuay et al, 2006) Fawuindgnslunisdudaeules
tyrosinase 1A nen1snaaeugnsiluayulnsinevseqdunsd asviliiinesianuslvig du wae

Aa £ I3 o v Y o 14
mnnuansndgrsinauls faunsadrluiaudssendld aeluls
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Melanin Huarsdstantdsinulainn awsanulalumniuaiiie 91 dv wazded 1Ju
heterogenous polyphenol-like biopolymer Tassasraluaisusynouiidnsus Hmvdes audsdem
yiawarUTuves melanin gnas1eaniaad melanocyte FIN5¥A18T0U 9 Wad keratinocyte 9
Jumivuednuiasweimds snvazatevewinaty dsvuazdniniianennse iweainnisnwas
melanocyte nsgeldatiane WuAediudRy wavdnuvesdnidesgneneuy NTuiulady wany
a8 Feladeiiddyiignre Usunauazn1snseaeves melanin lnugnasneainigas melanocyte
Fans¥neeglutu dermis VBRI UNUIMYBY melanin Ao Undesdy n$ad UV wagindnans
auYadaTEIIN reactive oxygen species N5NiNTsasvTeliMsazan melanin wniu Wagyinl
AanmeRaunfidu fh nsg wsifanls Wudu nsasis melanin du @dsunszuiu s

oxidation lagil amino acid tyrosine tuansasdu (Riley, 1993)

Melanin & 2 ¥1in A

Eumelanin: drviTeduIniag
. a A A A
Pheomelanin: ALVIADINIBAUAY
Tyrosinase Tyrosinase
(Monophenolase) Dlphenolase}
COOH COOH HO. COOH
Tyresine L-DOPA Dopaqunnone or

COOH

HO. 0. HO. Cysteinyldopa
-co,
I
HO N o SN ScooH HO N7 COOH
H H H

DHI Dopachrome Leukodopachrome

HO. COOH |
Tyrosinas Tautomerage
! NHy
Oxid 0
IS HO xidase ! s
Dj j@\—,ll\t A’ m 14-Benzothiazinylalanine |
O N HO il O0OH O N COOH
H

H H
Indole-5,6-guinone DHICA Indole-5 B-quinone- H
~L carboxylic acid i

oy —

g‘lJ‘ﬁ 1 Pathway of melanin biosynthesis in mammalian (Riley, 1993)

Cylsteine
/ l HoN

Pathway lun15894As1E3 eumelanin (ﬁﬂ‘gﬂﬁ 1)

wialu 2 phase #e proximal waz distal phaselu proximal phase auiAnUjAzen
oxidation ¥®4 tyrosine #30 L-DOPA Ui o-dopaquinone Tngedeioulel tyrosinase o
dopaquinone ﬁLﬁmﬁuﬁmmmLﬁmﬂﬁﬁ%m&ialﬂléf 2 N9 fg

- 1An intramolecular 1,4 addition A® amino group 7wdu side chain w03 o-
dopaquinone 1An cyclization 1A benzene lodu leukodopachrome Frzudsuludu

dopachrome asm'i';mi'ﬂmamm o-dopaquinone G]’Jau"']“msﬂuﬂ’lﬁlﬁ\iﬂgﬂia’l F o
dopaquinone mmu%gﬂ reduce nauluidu L-DOPA



- 8nUfA3emils Ae o-dopaquinone AwLANU{A3E1 water addition 174 benzene ¢
2,4,5-trihydroxyphenylalanine (TOPA) %dﬁ]&ﬁ@ﬂﬁﬁ%&n oxidation TWillu p-topaquinone @
97f8) o-dopaquinone ﬁu?ﬁuﬂlumstﬁmﬂg’jﬁ%mLsu'ulﬁmﬁu %1 p-topaquinone 5&1&5%55%1@'@%
quladu dopachrome

dqu distal phase th fﬂsLﬂuﬁﬁgumauﬁLﬁlmﬁ’umﬂﬁﬂﬂﬁﬁ%awaq dopachrome &4lgann
proximal phase lngazerdaioulgdlunissaujiseinisduasiziaulailu eumelanin

Pathway Tun15d3As124 pheomelanin
\An91nansTifl thiol eroup 1w glutathione wae cysteine §uiu o-dopaquinone iy
cysteinyldopa #38 glutathionyldopa Favziin cyclization wa¢ polymerization malUauladu
pheomelanin (Riley, 1993)

Tyrosinase 39913138071 phenolase, monophenol oxidase, catechol oxidase Ju
wulesdifl copper o wurlulufigwazdnd Sanuddglunssuiunsadis melanin Tngiss
U381 2 9g19A0

- hydroxylation 984 tyrosine Tedu 3,4-dihydroxyphenylalanine (L-DOPA)

- oxidation ¥®4 3,4-dihydroxyphenylalanine (L-DOPA) Uiy o-dopaquinone

lugnaImnIsuems tyrosinase L‘“ﬂuLaulszjﬁﬁﬁwaﬁiamsLi'mJﬁﬁ%m oxidation UBENT NAY
phenolic Tumﬂmavl,ﬁlﬂmumiﬂam quinones Lilalwadvasiivgnyinaty m‘[:wm waldiin \Dusestna
Aenuariinay wﬂmaaﬂmmmammsLLavLaamammqmim wonaNil tyrosinase Seiimudiny
Tumsiaseiulnvesiuas ma’tuwaqmiwmqm MsasIaUdonuds Yodluas MIMBUBILNALAE
NsasuAUYaveININLUATILSY (Kim and Uyama, 2005)

Bhargigrsnmatuduoulsl  tyrosinase  luiligtuiivaneiiendt wu  nistansld
ponBlauraziAnUfATen oxidation 184 enzyme tyrosinase Nsdunaildly nsnsEAuUAze
TngdinUsHIal enzyme tyrosinase wiisTineldlunsvaaeude spectrophotometry Faduns
Ussliunsvinauveseulesl  tyrosinase ViLwﬁaagmﬂmﬁmﬂ%mm NARAeTLAnTuRD
dopachrome ?jqf’hmﬂmﬁmmaawzgﬂﬁwmmumLLamLﬁu tyrosinase inhibition (%) (Sasaki and
Yoshizaki, 2002) %38 tyrosinase activity (%) (Lee et al., 2002) Fsfindnnisvaasduiieariu
Fesudruaneaiu fail

Tyrosinase inhibition (%)

wansridu % voueuls tyrosinase figndudsnisvian FssunmanUinuvoueulss]
ﬁmﬁaﬁaflmmﬁfmﬂﬁag Tne¥nanuSinas  dopachrome  fiintudadiu  product 213
\AnUR381u89 L-DOPA 39 L-tyrosine waziloulwil tyrosinase L39UfA381 Foumnansian
yaaoufqvafinlumsdiudueules azmudn dopachrome fawntution Fe¥aldaindinisgandu
uas Wedwaandu % inhibition sl % ﬁqa



Tyrosinase activity (%)

wansAdu % vosoulyl tyrosinase Ml activity og wnansiwmageuiignsaa lu

nsdugaeulesl AN tyrosinase activity (%) filaagiiAtey Fanann1snageundeiuiuAIsNnEBU
WeMIAT tyrosinase inhibition (%)
A P % & ~ So & ¢
NNTNUNIUITIAUNATIY  WuddTeuasiwenlaanidesiuasiignsdussioulssd
Inls@iua dewanalunised 1 wazlassasiwesasananuandugui 2

[
o

A3 1 ansndgnsdugveulwilnlsBiuanladanios

Fungus Compound ICs0 (UM)* Reference
Rhizopus stolonifer  63-Hydroxytibolone [1] 7.45 Choudhary et
A*Tibolone [2] 8.19 al., 2010
Fusarium oxysporum  11a, 15f -Dihydroxytibolone [3] 512
11a, 158 -Dihydroxy-A™-tibolone [4]  7.10
Phellinus linteus Protocatechualdehyde [5] 32.23 Kang et al.,
2004
Phallus indusiatus 5-(Hydroxymethyl)-2-furfural [6] 45.0 Sharma et al,,
2004
Paecilomyces gunnii  Paecilomycones A [7] 0.11 Lu et al, 2014
Paecilomycones B [8] 0.17
Paecilomycones C [9] 0.14
Metarhizium sp. 2-Hydroxytyrosol [10] 13.0 Uchida et al.,
2014

*1Cso = The half-maximal inhibitory concentration



H

11a, 1583 Dlhydroxytlbolone 11a, 153 -Dihydroxy-A -tlbolone

3@* O

Protocatechualdehyde 5-(Hydroxymethy)-2-furfural [6]
(o]
Paecilomycones A [7 Paecilomycones B [8]
OH
HO ‘ NH, OH
HO/©iOH\/
Paealomycones c[9 2-Hydroxytyrosol [10]

5UN 2 lassaisvesansisigrsdudueulaiinguanuenlaainios



I3
nsAnwgnsaueulusiveaningla@iag (Study on anti-a- glucosidase activity)

a k

Uagtiulsavummnudedulgmauam  flianuddguesiioiinisalnisiialsalufianieg
WasnBwses wd we. 2556 Jfduuimunilaniaduy 382 dueu lnefivsenaiu uwiu
Susunily mumeBufsuazanigowsnt Wuduiu 2 uway 3 auddu amsuusendlne 50
WUWNULEINTY 3.5 e wagmadwnnliinisadunisleg Tul we. 2573 gdie wimniuay
a < £% v & See & Yo [ ! E A =
Wkt 552 duau dedulsaiFadelainduanuiduiheseiduduiug vasUsena Jadl
audndulunsfndu uasimuiuuIninsinvegiwelies Weananuguuss vedlse uagdns
nsiingUaglsaluminu (IDF, 2013)

Tsawmmudunnz@esiwesnistissduimaludengs Faifnanmuunwseses
$1ne nsndnsesluudugiuriovesnisinnuressesluudugiunieviassnsd Tavaungil il
Anernslsauwmy  Aedudosnmsiitunmeliaunsalidnaldesramnyan Sddas Und
thimasgiingwadirsnodielfifundsnuniglinismuauveseeSlndugiu Fafiidulsa
wvnuismeagliansnihmaluldoulfodeivssaniam  wafAstuiilfseduinnaly
Fongetu Tussezennainalumehaienaonden mnlildsunmsinwegamnzay o1ailug
anmeunsndouiisuussld

e v A o o 2 X v a a °

gildiemuausyiviinaludonveisiumnulutagluivaiesiin - duun - A
nalnnseengisiiuandesiy  legnalnvilanddgieitesiueuleiveaninglefiaa  (alpha-
slucosidase) Fulueulwinfioglusanendnandugewiming Tunisgestmaluanalng W
I3 Ql' P v ~ 3 =~ I a Y v & o= oA
Julwanawes  dielisameanunsagaduiaaluanaiediidngnisuadonls  daludadng
AnFuoangrsdudueulesl  alpha-glucosidase  fntlsdld  vilvinispedunglaaainmadiu
osiaTutias elungudl loun acarbose, voslibose uay miglitol Jusu Asliudsfiaiiy
werelunishnAumansaus niignslunsdudueulsyl alpha-glucosidase omuANTEAULIA1G
ludeauaziawenlunguiisely Insamza1snlaansssuvflagwnaaansdIfty N19e1871917
ngayulng FATINDUY AABAIUINWOFAUNTE LU LTDT1 FallT1enunsAunUasikenlan
d’lj a aa Q‘ U g./j 6 . [ PN
L‘UEJi’]‘Viﬁ’]EJ?IH@V]&JK]‘VIﬁIUﬂ’]i‘EJUENL@UIQIQJ alpha-glucosidase AauanslumI5199 2



M19199 2 ansngrsdugueulaiuearhngladinailinnies

No. Scientific name Compound name ICso Reference
1 | Aspersillus aculeatus | Aspersgillusol A 465+2 yM Ingavat et al.,
2009
2 | Aspersgillus sp. 16-5B 1H-2-benzopyran-1-one, 3,4- Liu et al,
dihydro-4,6,8-trinydroxy-3- 90.4+2.9 uM 2015b
methoxy-3,7-dimethyl-
Aspergifuranone 9.05+0.60 uM
Pestaphthalides A 69.6+3.5 uM
3 | Aspersillus terreus AspernolidesA 175.18+5.95 uyM | Dewi et al,,
Butyrolactone | 52.17+5.68 uM 2014
Butyrolactone |l 96.01+3.70 uM
Butyrolactone | 4',4"- 84.18+8.98 uM
triacetate
4 | Epicoccum sp. HS-1 11-deoxydiaporthein A 11.9+£0.4 uM Xia et al,,
Isopimarane diterpene 4.6+0.1 pM 2015b
5 Ganoderma Ganoderone A 13.7+2.3 uM Wang et al,,
eucocontextum Ganoleuconin E 12.7+2.1 uM 2015
Ganoleuconin M 13.6+3.1 uM
Ganoleuconin N 2.5+0.7 uM
Ganoleuconin P 5.9+2.2 uM
6 Ganoderma lucidum Ganoderol B 48.5+6.2 ug/ml Fatmawati et
al,, 2011
7 | Inonotus obliquus 33-hydroxycinnamolide 3.39+0.07 mM Ying et al,,
Inotolactones A 0.24+0.01 mM 2014
Inotolactones B 0.24+0.01 mM
8 Nectria sp. HNOO1 Citreoisocoumarinol 392.5+1.7 uM Cui et al,, 2016
Citreoisocoumarin 538.7+4.3 uM
Epicitreoisocoumarinol 343.7+1.0 uM
Nectriacids A 121.8+0.4 pM
Nectriacids B 23.5+0.3 uM
Nectriacids C 42.3+0.2 uM
9 | Penicillium 3-hydroxy-6"-O- 4.9 uM Huang et al,,
chermesinum desmethylterphenyllin 2011
3,3"-dihydroxy-6"-O- 2.9 uM
desmethylterphenyllin
6'-O-desmethylterphenyllin 0.9 uM
Chermesinones A 24.5 uM

10




M19199 2 ansngrsdugneuleduearhngladinailaannies) (se)

No. Scientific name Compound name ICs0 Reference
10 | Penicillium (+)-penifupyrone 14.4+0.5 uM Liu et al,, 2015c¢
pinophilum 6'-methyl-[1,1"-biphenyl]- | 2.2+0.1 uM
3,34’ 5-tetraol
Pinazaphilones A 81.7+0.5 uM Liu et al., 2015c
Pinazaphilones B 28.0+0.2 pM
Sch1385568 16.6+0.5 pM
11 | Penicillium sp. F70614 | Diketopiperazine 35 pg/ml Kwon et al., 2000
12 | Xylaria sp. BL321 07H239-A 6.54 uM Song et al., 2012b

AUITeUAzANEISITNYIAUINGTIUST TmTAUIIEIE (5UN 3)

e

UM 3 gudidouasAnusssuvidUimgdsuss Sminussna
i https://www.google.com/search?q=AugieuazAnwsssumai
wyAuss @uAuiudl 16 waainieu 2564)

éa o =

AuIBUAzANYISTINYIAT NS vse  Umngliizung
auusnlnniianiidundosglussmalng deog Tusuneglndnan dmiausnsia Jmguisilo
Duilugavhevesneléfiinrugauanysalsssunantu Tdnvasuiiddy fo Anumainvane
yeiugnIs AT nvanevesiusituarddiTinfiondvegluthasiuitiiniudimaned  gau
auysailudedniviuasnasaldl tnefdiddynasaslnasinu WWud aaosglueund whivisun

6 v & A d' 1 o < 1 el' [ a a ¥ Y
wazAaedl@ziag ulunuiveweUntules L‘IJ‘L!‘UWWEVIﬁSJLGWWiSﬂu‘L“@’Wﬁi’]“ULQW°’| NINFAUNIENYLAY

\Judngifiileliuazeny
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https://www.google.com/search?q=ศูนย์วิจัยและศึกษาธรรมชาติป่าพรุสิรินธร
https://www.google.com/search?q=ศูนย์วิจัยและศึกษาธรรมชาติป่าพรุสิรินธร

N3RNATEUIMIMENIZeIRes  lngianaunssudilmslfzunmatends  auauusSnasnUing
Izunsliluvasaudansenivgdaundng wazisanUmgiiin “Ungdsuss”

AudidouarAnusssunamsdusnludumioenmslfizuns  Uinguisanyheves
Usendlng Fansounquituiives 3 sune e sunemnlu Sunegluslnan wazdunoglnaund &
fufiszanas 120,000 19 usduiiauysallneUszanadifies 50,000 13 Huthiignsanugeuauysal
shederivnuaziugliunumssa wasdalldn i finunanevdn Wy Ae vzue vyt vilve wandh
wuu Jadudmithduasesimennviavisvesing

argauaNysaivesiuiitmslfeuns Juduwndsivhadldlunsinyidosfuiifiqrims
Taawdid uageumanvaeresmeTus SesAurialmiqiionnasnuld Weidudeyalunisimun

MATEMAEINUNERd I NsTIUANIUTEloYldouywd  nasnIunTIdemasAuLuY  (lead
compound) Tusi¢ etunduaisasiulunisiauieiaigg aely
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sedeUIsnIUNI5IY

1) widewasafnanides
domililumsinwaded I8uanueyanesiann a.as. wndnval nedlndas nade
TN AnyIneeans wninendasanuaiung iufuendeuasfigniondnuaivonten 3
LﬂuL%aswﬁlﬁmﬂﬁuﬁuw’%ﬂuﬁuﬁws%’w’j’muﬁ%’na I@EJL%aﬁﬁau% %?iﬂ"l,ﬂai’ﬂLLum%aiﬂmsﬂﬁﬁsﬁaua
mqwuﬁmiu (Molecular genetic identification) uag mﬂuﬂau‘] LW@IW‘WS’]U%@’JWS’MW%W?%Qﬂ(ﬂaﬂ
mndudefinefunuuds iummmﬂuwamawuﬂw azddunsvensysemudell uenainiu
LsuawauiwzgﬂmmmENLwaLw:uﬂimmiumilmwmsaﬂmiummumﬂfd

1.1 nflsm'%&ma'lmstﬁymﬁ}la Potato Dextrose Broth (PDB)
GINIAGEY
1. drilldanmssusiuns 3 ans CurSwendeon 8 AlanSuuaziin 8 Ansusesnsndiu 1:1)
2. thndu 12 Ans
3. Dextrose 300 n3u
ALNELAEATNISESEYN PDB 15 0 (U557 250/1 flask; lad1uau 65 flask)

YUADUNITLATHAULATE UL UNT IR
ﬁwﬁuw%’ﬁﬂaﬂLﬂﬁaﬂmﬁulﬂuqﬂwhﬁwméfmﬁ’uﬁ’lﬂizmm 1 dlue Unlvlwazselidu

Uszanas 15 wiit Ysuusuestulihminideliassusndeiinsesenduniduin vssqldgenanadin
nuanuseu wasihluugudaiioliduidundunizes

pA
(4

UADUNITNN
. 910 10 amslanvusMwseuld
. e9UsTunss (19ANNNSAULTUTIMAZNTDILAD) 3 ARS

. 923 250 fiaddnsaslu Flask Mwseuliuazangndaly

%

1

2

3. Fathma D-glucose 300 NSy Fufutnduiidesn 2 ans wazmsanlunwuzaulidniu

q

. o

5. U autoclave figaumgdl 120 C 18uian 15-30 Wil

6. theenunlifigumniivies

vanog:  ewnsiedouliiulduudufeunieauninag Contaminate usdanlngjazisde PDB
fou subculture 1o Usvanas 1 Su (rudledeuindelndiuiiugs wireswniouoms

$ YA o a . Y
9191 Miadaenunisin Contaminate YIDNNITLAYNLYD)

1.2 NISA38NB19NS Potato Dextrose Agar (PDA); 400 ml/ 1 97n
Jaguazgunsainld

- Plate 5cm

- Plate 10 cm

- Duran 500 ml
- QINANARNUTIY
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- Dextrose

- Agar

- ﬁmél’u

- yhrturlSsan

YUABUNITNN

1.

siuSslauvhavaven waslendenldlugs wasdaiminudeniila aududmdndurss
Tupauwsnlavindu 8 Alansy

U o D Ay + 291 v o 3 a a 1Y) |

vl Saladugnisin 1x1 cm” Tdadlundenussqundsuna 8 ans Qudnsrdiu 1:1)

3. lUaaln Uszanad 1 99lue Ualvkazsaussunas 15 Wil hasnsauekiulsensnss Uiuni

nsedls lUUsuUsnalilauminidaliasausnieun fe 8 8ns wazussgldgenaiainvuainy
Sou wazthluududad -20 °C iielidwiidunlaunzda g

o 3w Y] 1 1 a [e] o o 1% 1%
UnhdudSseenandestudgumgl -20 °C tluvbiazanemelulasiav van 8 unil

5. UruSIazateseusaswal 1INsaImEnv1IUN Auluaisazanela Wald

AR

TIdIUNENDULNBYIN Potato dextrose agar (PDA) Aa Dextrose 8 nsu uag Agar 6 nsu laluwan

® o 3w & = o 1 I ®

U559 Duran 4119 500 ml Wtdunssinseaseuiaswad wildluwin Duran U3uas 80 ml
wazndu 320 ml

° ® 4 ! = o v % = = °
1w7n Duran  MnanauNaniseuspsudl Wn3es autoclave 121 °C Wunan 15 uiil wavih
gn WAtk inaamaiivies

A v ° v 8 & v v o v o I ° ]
Wadeani1sdn PDA wnld onaudaduiu Wihanlienuseuuavanaluansazaowaziiumld
plate Mwseuld lnewld plate in (Aurugudnans (diameter, d) = 5 cm) 91uau 3 plate,
plate Tng) (d = 10 cm) $1uau 8 plate uazsoauomistu plate uds dluivlugaamad 25°C

1.3 0195 subculture W@31n slant as plate 4735015094

- ddeiuenls udeaiinu3una lae subculture asly plate 180 1wy 3 plate Us39IM3

PDA 13l
Tnau needle 1#puauLAT uazaulnvn slant ynafsiilindn
Fodeldnsenans plate Ysunandnies
A8 5.7 Su ia@mi@ﬂmaaﬁasw Wio subculture Woas plate lugsely
Budelu plate 1n subculture Weas plate g s 6 plate LLaziaL%@Im@mﬂﬂ?iauwm
5-7 Ju
1.4 0139 subculture L%amn plate a4 flask

. 11 PDB Tiwdeulilu Erlenmeyer flask v1a 500 ml Y3119 250 ml indewly $auau 6 flask

1 plate Tng) Mdolafiuiings 1 subculture adly flask diediulsunante Inglglusingu 95%
ethanol WlUsuuaaln waaselidu

v ntuhludadudinusnameures colony Tivwietuay 1x1 msaeuiwns suay 5
fu wdvinsdieidioadluewnavial potato dextrose broth (PDB) U3anms 250 ml fiussqlu
gl (flask) 3u1m 500 ml

1hlv incubate figamgiivios lunan 3 dUnnsi
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1.5 msafnRem

1. dnidsades lWatnfesvinararemani Wewans lnenisnseaduleveaieseonlnenses
HIUNSEAN9NTEY Whatman Lues 1

2. msafiniidsaidoslngld ethyl acetate (EtOAC) Tnglddnsiaruinasaios foEtOAC Wiy
2:1 Ymsafaaviun 2 A%s udih EtOAC Aildannsafmimansndansiuiu drufimdotilu
wiks fewedeq rotary evaporator aeldansatmantiaeados (BT, Broth)

3. Yhdsadesiiaiagie EtOAc anldansidmin (dehydrating agent) Ao sodium sulphate
anhydrous aslU

0. wdsmnifunses wdnhasaraefldluviliurisineweias rotary evaporator 7 guugdi 40 50
°C quldansataneruaninEsades (BE, Broth EtOAC)

5. msanmduledeslnetdulovesdosualy methanol (MeOH) Wuan 2 Su

6. thansazany MeOH luviliidudu Tnonisssmeivihazansusaiusenly antudiviasly
withluafngae hexane lusnsidu 2:1 Tagvinsaingn 2 A%t W& hexane Aldanns
afaluviuis wdsntuansazane aqueous MeOH fiumsaiage hexane uda trldarn
fofy EtOAC ludnsnaiu 2:1 wufy Taadnge EtOAC 2 afedsannisafndananagld ans
ann 2 @i Ao Cell hexane (CH) waz Cell EtOAC (CE) auanu

s
2) NINAFBUANSNINYINN
s
2.1 msanwgnsdrueulydlnls@iua (Study on anti-tyrosinase activity)
NANNS
v A a A = a o

nannsifleulslunsnaaeune spectrophotometry FWUUNITUILLLUNITNINUVDY
wulayl tyrosinase Mwdeey nmsinvsunandadusfiiniufie dopachrome (3Uft 4) Fuiu
a3 ansasuilglumsviugfserdueuledlunmmeaesnssilde L-DOPA waglunsvadeu

= ~ Y L. a a .. . P Ao Sa =~ IR

wlUSguiigunaniu positive control 2 wila e kojic acid @aluasiilgnasuaziinisideylu
UagUu waz positive control 8nalla Ao tinma Fuduarsadaduihainuiuuzmae Adgnslunis

U tyrosinase enzyme 14

Dopachrome

5UN 4 Tumeunisiiin dopachrome

Aieualaausananadu
-tyrosinase inhibition (%) (Sasaki and Yoshizaki, 2002)
-tyrosinase activity (%) (Lee et al., 2002)
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Fote 2 Fndnmsveesstuisfuiioussuasieiy Tnenmessduadeilasiuan
Ju % tyrosinase inhibition %wmsﬁqmmmmmaqmiaﬁ’mﬁmmms‘]’us"?q tyrosinase enzyme
18 Tne¥aanU3unas dopachrome 7iintu Gy product NMsAAUASE1vee L-DOPA 39 L-
tyrosine wazditouluyl tyrosinase 139UA3E ﬁaﬁ'umﬂmiﬁﬁ’]mwmaauﬁqw%‘ﬁﬁiumsé’mgﬂLaulsuﬁ
Ut dopachrome fiasfintution Fefnldanamaganduuas Woswanidu % inhibition 2
et 9% 7iga
AfisaildaziUioufisutu positive control yonaniifiannsoman 1Cs, I8 dedes
Ww3snasfigasnImaaeuuay positive control Wuaududusieg f1uin tyrosinase inhibition
(%) veusdazadutuwdnie % Aildun plot nswauduiusiuanududy fezannsamen
Cso 191

NISLATLUAIILAL

1. NM9Le38U 20 mM Phosphate buffer pH 6.8
Solution A: NaH,P0O42H,0 (312 mg) asmﬂuﬁﬂﬂf‘fu 100 mL
Solution B: Na,HPO, (284 mg) azmaiuﬁg’mé"u 100 mL

nanwazusu pH Tlaindu 6.8
2. W38y Tyrosinase solution:
aza18y Mushroom tyrosinase 0.5 mg
A28 20 mM Phosphate buffer ( pH 6.8 ) 5 mL
3. w38y L-DOPA solution:
azany L-DOPA 0.8 mg
A28 20 mM Phosphate buffer ( pH 6.8 ) 5 mL
4. w3w3 Kojic acid solution: agae Kojic acid 1 mglu solvent Fnzay 5 mlL
5. A9 test sample solution: a¥ane extract 1 mg Tu solvent fvianzay 5 mlL

n1snaaadaziiana

1. wanansaslu microplate aslunsag wells Inguuadu
A (control) Mushroom tyrosinase solution 20 ulL
Phosphate buffer (pH 6.8) 140 uL
Solvent il 20 pL

B (blank w84 control) Phosphate buffer (pH 6.8) 160 pL
Solvent #l4 20 L
C (test sample) Mushroom tyrosinase solution 20 plL

Phosphate buffer (pH 6.8) 140 pL
20 pL 989 test sample Tu solvent
D (blank w84 test sample)  Phosphate buffer (pH 6.8) 160 L
20 pL w99 test sample Tu solvent
2. w T NNENESITUReuT 1 LLé’%%Nﬁﬁqquﬁﬁm (25 "0) e 10 Wi
3. 4y L- DOPA A3skdaidu 0.85 mM 9113w 20 pL Tunn wells
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%ﬁhm'ﬁ@mﬂﬁul,t,mﬁmmm’m?{u 492 nm ¢38 microplate reader
Nil3ftgamgivios (25 “C) Wunan 20 wdl
farmsganduuasdnade

ﬁ’uﬁnuazuﬂawamuqmé’fwf % inhibitory = [(A-B)-(C-D)] x 100/(A-B)

N o A

2.2 msAnegusaueuletdueaninglading (Study on anti-a-glucosidase activity)

v
£ o

nsAnunussudaeulsl a-glucosidase unsAnuitendeufAzenisiind (colorimetric
method) vesnansinusifiAnty Tnsfamunisudsuulasrnisgandusasiiudsuly dendes Uv-
visible  spectroscopy 1‘umiaGlGmJNﬁmﬁm%ﬁLﬁﬂ’i}’lﬂﬂﬁﬁ%ﬂﬂﬂﬂﬂﬁ%ﬁﬁ p-nitrophenyl-o.-D-
slucopyranoside Faduansazaneliid drewoulsyl a-glucosidase TUidundnsiami p-nitrophenol
Faubumsaranedmdodlaiinnueniedu 405 nm (Uit 5) dsthansieaiiqvlunisiudaeuled
a-glucosidase AvowmAnfsifiAntuazosuazanisganduuasiienldazdad (Walker et al,
1995; Kim et al., 2008; You et al., 2011; Dej-adisai & Pitakbut, 2015)

Substrate p-nitrophenaol glucose

p-nitrophenyl-CLl-D-glucopyranoside (yellow)

3‘1]17; 5 uwanaufisenlelasladans p-nitrophenyl-a-D-glucopyranoside
metoulwl a-glucosidase Tuilunaninsi p-nitrophenol MididLnansla
wazu1na glucose (Rungporn et al., 2009)
YUADUNIILATE

1. mawssuasazarenaaanddiwes pH 7 (0.01 M)

a15aza7e A wssuansarany NaH,PO,.H,0 Auaudy 0.02 M lagiin NaH,PO,.H,0 a1
0.312 ¢ mazma{fﬂ 100 ml

a198¢87¢ B: \Ww3sNa1sazany Na,HPO, Aututu  0.02 M Ingtn Na,HPO, 11 0.284 ¢
mazawﬂfw 100 ml

wdniuhasazats A 19.5 ml uay B 30.5 ml nauiuauldansazans AB #ifl pH 7 udn
thansazaneiildunusunnududulily 001 M Taensiindh 50 ml aslUly ansavans AR
9ntuh Bovine serum albumin (BSA) 0.2 ¢ uag NaN; 0.02 g wnazaglu arsazaigneoains
Twlasiiwdeuls 100 ml

2. mamssuarsazangtoulesl a-glucosidase (1 Unit/ml)
Faouleyl o-glucosidase 1 Unit (from Saccharomyces cerevisiae, Type |, lyophilized
powder, Sigma, G5003-1KU) unagangluaisazarsveantivinesiesould 91uiu 1 ml
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3. mswSeuasavaneanIRag (@ miv)
¥3a15 p-nitrophenyl-alpha-D-glucopyranoside 1.21 mg (Wifu 4 pmole) wazate Tu
ansazaneveaa s Tiwdeuly S1uam 1 ml
4. %y’umauﬂ"mm%&mmiazmsJéhaei'mLLazmiazmammgm (8 mg/ml)
Feensotauaransuinsgiu Acarbose o819 8 mg wazatsluinie DMSO (A
ANEANNNTOTUNITAZANYVDIETAIDL) 11U 1 ml

FuRaLNITVAdEY

Iumiwmaaq%ﬁﬂmiasmaﬁgwumﬁl,m%mﬁmﬁwﬂﬁﬁ%a'ﬂ,u well-plate 37121 4 wells (A,
B, C, D) lneusiay well 9zfitSunmswiiu 200 pl Tpethansazaneiiwiodldadly well-plate
dawiolud

- Well A 100 pl Woawniwines 0.01 M pH 7

(Control) 50ul @1sazansloulesl a-slucosidase AMIITNTY 1 U/ml
- Well B 50 pl Woaaiwiwes 0.01 M pH 7

(Blank) 50ul @sazanetoulen a-glucosidase AiMuNTU 1 U/ml

50pl WI139 DMSO (MIUAMNAINITAIUAITALANVBIA1TRIDYNS)

-Well C 50 pl WoaaUwiwes 0.01 M pH 7

(Positive control)  50pl @1savanateulwsl a-glucosidase Feududu 1 U/ml
50ul ansazanENInTEIU Acarbose Aty 8 me/ml
(AN TUEAYIEWINTU 2 mg/ml)

- Well D 50 pl WoanaUwines 0.01 M pH 7

(Test sample) 50ul @sazaretoulesl a-glucosidase fiannandudu 1 U/ml
50pl ansazatesegnafinnnandudu 8 me/ml
(AN TUEAYIEYINTU 2 mg/ml)

ndnldansazanesne 4 Asuuds 39hly incubate @ 37 °C w2 undl ndnduld
ansazanansaeduiinududy 4 pmole/ml 1wy 50pl adluusias well udluv Uﬁﬁ%mﬁ
37 °C TngvhnsiauSunaans p-nitrophenol 171'Lﬁ@“ﬁu"\]’]ﬂﬂﬁﬁ%mﬁﬁﬂ’mEﬂ?ﬂﬁlu 405 nm 1A 9 30
3uft wu 10 wndidhewe3ed microplate reader

YUABUNITILATIZIE

1. msmuuanUesidudlunisdudaueulesl o —glucosidase
-] ! = d' ¥ L4 ! U = d‘ U
iAnsaanaukaantiuaiansmseninednganiuleasil 405 nm (wnu Y) Aua (wnu

X) nsmitldazdudunsduriusnuasdudulddudimes Amweiidudlunms sufaeduiaan
ShsnuSusudy (initial velocity, Vi) FeazAunaldandrusniidudunse Tnefuinmaiaudy
nMIaNEUnss (linerity line) Tasidondnsganduuasiiintu a3siflndifestudunsdugaund
wnfign dmnuduanduaunisielud
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onsu3uAu (initial velocity,V,) =slope= N23LAHULUAIIOIAINITAANTULAIAY

MsAsULUaLIANAX

NUUNAI8RTIS IS UAUTDINGUAIVANINAUMETRTUSUTUAUVRINGUNAGDY  (an3azany
fegseaTaraIENInIgIY) YinanailamsmedasiisuiuveinguaIual wazga 100 ald
Adosidunlunsduds deaunisdeluil

AnUosiduntun1sduds = (V;_control -V, treatment) x 100

(% alpha-glucosidase inhibition) V; control

2. msmnumeudLTud A nssuSueule o —glucosidase 50 UasLdust (ICs)
ANULAENITAT NI LA UNTITENINAIANUTUTUVDIENTHI0E1 Laga1sUINTFIU (WY X)

wazAndesifudlunisdudaeuled a-glucosidase (wnu V) Tngldry Wuduvesesiegiuay

A15UINIFINRENUDY 5 ANUTNTY A1LINAT ICsp INBUNUAT y = 50 asluaunisiduns

Sy k1 =
2.3 NINAHRUANIAULYIATN
wann1s
msmaﬂﬁaqu%ﬁwm%aﬁuw%éﬂLfJuLLUﬂﬁﬁaLLassw 3/wan 2 gUuuUAe 35 naaeu
v £ =~ | v . . aa v A . .
MmNt sgugulueI sy (agar diffusion method) Wagisnaaausag N15188319873 (dilution
method)

WBuegaumienisliansdudiuluamvinsiu (agar diffusion method)

ndnmsvedisife nszedeuuewnsiu udildasataludsessu dWeld aunsndy
grudluemsiu udmsusme asdszneu Algvsiude luasade Mavdadudininaiouas
dn  wwneliiAmdasovdseduildaansadn  whrthoun  vnalaifetu  deaginoun
Gushaudnans vinaladidumnefiadiuns Bmsil Teevhluivhnsesousfissanududy
A mszauievesdurnaudnans vinalaild nuindudednlaenss funnulvesdefinagey
#eeedideanis naaey Lwiﬁgﬂﬁ‘i%miwmaawﬁmﬁuagﬁ’ummmmsﬂumiLLWi'Guaqmir;huufai:u

Fivhlduassuuuutufurinuesdesesiu uasdnBondeisnsmudssesiudl 14 Wy

- Avsesfuiidungu Galdnmsnangnaulue sty udifuasazarsadld aniFendy
7% agar-well diffusion method

- dssessufunszawiunan  ddddasavaneieunauue sty azi3enin3®  agar
disk diffusion method

- dssessududelangliiduatiunsenssuen azi3unin cup-diffusion method

Tutudu veanmsnsadeudnenm qrsmudeqaunidvesmsatn dwlugjay 14938
agar disk diffusion method lun1snaaeu Lﬁaqmmﬂu%%ﬁazmﬂﬁqm LLazdwﬁqm

INAFDUAIBNITAD19ES (dilution method)

ilagn1silednansanaluaswas (broth dilution method) w3eeMWNTU (agar
dilution method) Tldmundudusine udiddideiideinsmegou adu wiouuormsmeni
AMendamsuiinie duneanuyulaluamsvan uwasiiviselad L%@La%muuaWMWiﬁu A ek
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pududulediindign  Alifidendy  eAdldtedn Wumenududusiigaiidudnisiasyeute
(minimal inhibitory concentration, MIC) nsdifain1siinasainiiignsiudeduviindugmios
& v ' v & A A a Ao & a
e Tineaeu sold laensld loop Usiaaniwsusvasluomsivan wisellsusnaunlifiieasey
U 9IMNTTUAMATIAT MIC YUl Wiuaguuemsin MenanIsuamie dunnd dvselifie
a X ] v v o A e a A a & a ' | Al v
W3 wazgirnadntulamnganlifiieinsey vieieulill Weiasey (99.9% gnein) AWlate
1 [ 1 L7 7 ° a dy .. . .. . b4 U dy
mLﬂuﬂmmumwmqmmma (minimal microbicidal concentration, MMC) Q113N ULYD
wumiSeazidu minimal bactericidal concentration, MBC wagdanzasiuidesiaziu minimal
fungicidal concentration , MFC ialadluSeudisuiuan MIC draieaesiiny Wasluiiu
@09ANY  LUNYY  WEARNINENTANANANEAINETD  WANIFINAURAIEANILTNTY  LERIINENsann o
ANUATNANIZTUEINTTIATYVOUTD

0 ) o daa A o v aa A |

dmsuansaianddvielimugudmegeulneds Weasluemnswad 01ald a1unsom
A1 MIC 19 daaldisnsidaanstuamsuds

a o éa o

L‘%}aqaumwmmmaauﬂiznauﬁasJ

(1) Gram positive bacteria:
Staphylococcus aureus
Staphylococcus  epidermidis
Cutibacterium acnes

(2) Gram negative bacteria:
Pseudomonas aeruginosa

Escherichia coli

(3) VYeast
Candida albicans
(4) Fungi

Trichophyton — rubrum
Trichophyton mentagrophytes

Microsporum  gypseum

nsnagau 19Ion1snaaau 2 35
1. manadaugvadudeyaunididasdu
1m83% Agar disc diffusion method (Lorian, 2005)
1.1 ASm3ENaNsane
wisuasantadesvhasaefivanzay ﬁﬂ’smﬁm%uagﬂwm 100-500 mg/ml

UL paper disc YWnduHIUANENas 6 mm 31w 10 pl ld anududuvesasviniy 1-5
mg/disc lmeil positive control @8 81 oxacillin (1 pg/disc) dmsunuAilse HoBadld o
amphotericin B (25 pg/disc), Wosnelsanannld o1 ketoconazole (25 ug/disc)
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12 mamwzidsaidagdunid

Tnewnzdoateuuadide S. aureus way S. epidermidis Uues Mueller
hinton agar (MHA) ﬁamwﬂﬁ 35°C Huran 24 lus LWWSL??ENL%@ P. acnes UuU®1%13 Brain heart
infusion agar (BHIA) wawmu 35°C 1Huian 48 Halus Tu anaerobic jar

LW’]“LaEJ\‘iLGUE]EJﬁm YUBIMNY Sabouraud dextrose agar (SDA) wammu 357 C
Hunan 48 lus Weidiean 2-3 Teladl Tdlu 0.85% Nacl 13de wawysu mmsqusuama&[,w,mﬂu
0.5 McFarland standard

wnsdeuTeselsAnaInULe TS SDA figaumnd 30°C 1Wuran Uszanas 10 u
il 0.85 % NaCl Uszanes 5 ml drsaasvoafessnaine1mns SDA slant thansazanevesdiesan
nsesrudafiendeuds dnidsaderinsedld YUl sruuavesuszanar 10° spore/ml Tnedn
/1 0.0. Teglutiag 0.14-0.17 fimnue1AAU 530 nm

13 ABmmedeugnsdiuiagdunid

14 cotton swab 15ide fuuuafiFeuazdaiiusumuguaiauda wthe T
1913 MHA, BHIA WAy SDA s disc inenansafaliudn uaz yaruAy incubate Aigamai
35 °C Wunan 18 Hhlusdmdude S. aureus waz S. epidermidis uaz 48 Hlu dmiude P
acnes waniFoadmudiy

antdsderendesnelsanainfiuiuautuaiauds $1uau 05 ml ldaslu
pnalABaTe SDA fivasumian (45 °C) S1uau 24.5 ml waulidndu dsdislianiuudes e disc
finenansaraly 1hly incubate 71 gaumindl 30 °C 1funan 4 u

dunenisiiaslaseundu disc uwaginvuinsla fae vernier caliper

2. ANINAFIUNIAT Minimal inhibitory concentration (MIC),
Minimal bactericidal concentration (MBC) L.ag

Minimal fungicidal concentration (MFC)

Wansananignsmuieqduvsd laeg3s Disc diffusion 1111 MIC, MBC ag MFC
19835 micro broth dilution Fesnwlasannidved Lorian, 1996, CLSI, 2000 wag CLSI, 2002 Tawil
A5n9F9T

2.1 33nsiessudevdunsdnlenageu

q
v

g Lammaf\;ﬁuﬁé M35 Disc diffusion 138319 %eRBMLeIMS Mueller
hinton broth (MHB) d3UL%® S. aureus Wag S. epidermidis, Brain heart infusion broth (BHIB)
dm3Ue P. acnes War 91113 Sabouraud dextrose broth (SDB) dusultedanuaziiesinelsa

nann Tudnsiaiu 1 : 100 win
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/N1INAFIU
1A MIC
thansafnueieunnududusudumnniiigesnis 50 wh andy Feandy
91915L1a7 MHB, BHIB 30 SDB  wuua1dudes 1u microtiter plate Usgana 10 Asdudy A
duduar 3 51 anududugeaeiiveasuie 2000 py/ml wdnfude adunidlude 2.1 adly novay
(10° CFU/vaw) thluizides incubate 71 35 ° C Wu ian 18-24 Halus dwiSuuueiie S. aureus
Wy S. epidermidis, 48 ¥lus dwSu We P. acnes war C. albicans @wdasielsanain
incubate 71 30°C 1Hurian 4-7 Ju
grunad1 MIC Aemnanududusinan vesasataniesifoue duds deld
(well Ta)

#1A1 MBC 438 MFC
Imaﬂm‘wuL%aaﬂﬂwﬂwamﬁawmwsmé’uéy’aL%@lﬁ wavl,%auummst,gm%a
Tryptic soy agar (TSA) m‘wswua S. aureus e S ep/derm/d/s BHIA mmumja P. acnes Way
SDA dmsuldes Thenududuay 3 91 Wilumnzides fuan way gaunil LWuLALINUIENIINAY
MIC
§1uNa A1 MBC viorn MFC Aeranududiusingn vesmsadauas o1
UfTustanunsosindoqduvadly
Positive control
- wuaditse g1 oxacillin
- Wosmelsanann 191 ketoconazole
- Wotadlden amphotericin B

newmn vnansanau Wenadluemavan agvihnvegeulaeds agar
. . ) Y Y & 4 . a a
dilution lpenanansanaluiuomIIaeUmaY aveae 10 cfu/spot incubate 7 gaunQiluag

A Y] aal . . . ] ] a ! Yy v o AN A A
LAY ULAYINUNITNAZBUIS micro broth dilution a1uUna A1 MIC AB mmmmmumqwhmm
JUVURIDIMSHEENTD N1snadaulagdSazulaanizan MIC

s
2.4 MSuENENTIAUIENS
Whansannanesviaesuiin andnwiesrusenouniaail Inen1suenansliusgns faeians

79 chromatography #1139 L classical column chromatography (silica gel, Sephadex® LH-
20), thin layer chromatography (TLC) wag preparative thin layer chromatography (PTLC) sauld
§amsld high performance liquid chromatography (HPLC) wéiSathansiiuenls UIWNERS
1AT9a5199ATIAEIMATIAYNG spectroscopy sinly

2.5  mamgaslaseairemanai

mMstmusgmslassaiamaeiivesansuszneudund Tasendedeyans spectroscopy wsdl
Mwuuwlamunnelaensaan  spectrum  veEITiu wasUSeuiieutu  spectrum  wes
ansUszneviiivenuliuds  Fdunsimualasaonaaiivesaisusenaudunilnemsiiased
910 spectrum wialavdanils 019azlinanranmdouls
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Frfunsieneilasaianaeiivesmsusenoudunsd  Sewlusiedlideyannmatians
spectroscopy vangqwadaUszneufulun1sinnsan Wy msn functional eroup #iddaslu
Iassasslagly Ultraviolet Visible (UV-Vis) Spectroscopy, Infrared Spectroscopy (IR) NIMEAT
Iassassvesasiagldwaila Nuclear Magnetic Resonance Spectroscopy (NMR) LWag#IuIa
Tuianavesanslagld Mass Spectroscopy (MS) annmatiafina1asvedu ansnsadudulassaiieils
INMTRgatliendnual
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NAaLAZITAINE

msfnwgvEMatinwesiuniglufudunisluiuiing Smdausinateihnimeaeugns
9T 5 9619 A qrisdueuledivlsdiua GrwanuRsunfveding) qridueuleiearh
ngladina (Gnwiuwm) qusdueuluiordianedueaneisa (fnyilsaaueuden, Alzheimer’s
disease) gusAdufiviewadusdudinum Gnulsauzdafuy uwaggrsfumssnau Gnw
mssniausing o) Tnevhnsvegeuiomnsiuay 104 faeghs wuidl ¢ shegreditnaula Ae
SPSF318BE, SPSF318CE, SPSF224BE uay SPSF224CE laeseghais 4 #1 wanide 2 wia Ao
SPSF318 waw SPSF224 Gsmsdnundnwasndowiu (morphology) matuderiassdudesingy
Penicillium sp. wileufiu Tnadesassuendy 2 feteie duitluasatndu ethyl acetate
1030 WN5LABTe (broth, BE) waz diuvesansanatu ethyl acetate vouead (cell, CE)

dosnegsnnansatnandesingy Penicillium sp. (SPSF318) Sauioulesilnls
Bwa 77 dudegtumsAnvifiomansadaiifgvidrlunmsiueuleifinandeudramlden
UaNANTUTIBENINEIYRIENTARRTY ethyl acetate Tauwad (SPSF318CE) Salqudialunisdiu
msdnauuarnrsanudufivdewadusnsadm fadu Penicillium sp. (SPSF318) Saaulaluns
Bhandeafinusina Lﬁ@lﬁWﬁLL&Jﬂmiﬁﬁzyﬁaaﬂqwé (active compound) aaly

vananiussiansiegnafiviauladn 2 daehe fe SPSF224BE uay SPSF224CE Lilesandl
vissueulssineavhngladinaiisuasiedieisandldanidedeatu do Penicillium sp. (SPSF224)
LLamaamamaaammqmﬁmiumsmumiaﬂLaU Tnglifufivfuwadilinaaey  uenenty
SPSF224CE amqwﬁmmL‘UuﬁwialﬂjaémﬁaLﬁmmmuﬂaw Tnolifufivdowadund  fady
Penicillium sp. (SPSF224) 3afudnuiisshetnefiunauls lumsthundeadiausina Wisldlunis
wenansadayiioangvs (active compound) sely meazdulunmsfinwadeiimannsanuansario
fraule aniles 2 ¥iln Ao SPSF318 waz SPSF224 flawthludsadinsine ieldlunisuen
asdftyfieangws (active compounds) Madanwludidusioly

nnamITlLR 1 @auszina 2560) Felddwnegadesiaeclusuuneiaventon
Imsi“i’fmwﬁﬁmﬂﬁuqﬂiim (Molecular method; nucleotide sequence(s), sequence similarity) i
Audiusimnssuuanmaluladianimuiend BIOTEC) e uunidesisaedluszdusiia (species)
doswnludesiuiseideyansinyiamednuuznsusnveaton (morphology) Wity Fslal
mmm@ué’mﬁmmL%@iﬂé’gﬂéfaa Fawan1n BIOTEC wuin SPSF318 Wuiesaiin Aspereillus
flavus usdmiu SPSF224 Tumsfnwiadausn (PCR: 1TS) aunsaszyldiiesindudonluana
Penicillium wsilsignunsasuwunidesiluseiundald Sidesuundnaddneldinadaiofivdsuiva
(PCR: Beta-tubulin) uanunsnseylatiiesin SPSF224 fianulnaldesiusiana Penicillium usdslyl
annsnsuuneseiuia (species) omindauuansswesdiduseiuiua nucleotides LAy
nieieensulsdinnuduldldfisintdoradusadelml (new species) BeiAduleidewnetng
Forwieidsuunietuduiniudessinlmivieldil  Leibnizdnstitut  DSMZ-Deutsche

Sammlungvon  Mikroorganismen und Zellkulturen GmbH, Inhoffenstrale7B, 38124
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Braunschweig, Germany Iﬂ‘awamiﬁ?’lLLuﬂWUiWLﬂuL%aﬁﬂﬂuﬁﬂ Penicillium maximae %ﬂLﬁuL%a’i’lﬁ
Funuidiouszanns 8 Yudr (Funud w.6.2556) (SeazdunauniaNyn)

ot 2 uar 3 Amfeadesiunisuenasdussneumaaiiuagnsvaaeugrsnsdanmues
ansarinuos SPSF318 way SPSF224 Ganansiveiisai:

n1sAnwIe9aYsEnaun1NnduazgnEN19TINIWY8d SPSF318
L‘NENﬁ]qﬂiﬂﬂqﬂqiﬂﬂa@Uﬂ‘WﬁUUﬁNLE]UI%?J%WI?‘ULU& ‘iﬂﬂaqiﬂﬂﬂﬁEﬂUV]‘lﬂﬁﬂﬂL‘ljaifl mmu
‘VN‘WLIG] 114 C‘I'J@EJ'N W‘U’J"lﬂqiﬂﬂﬂ‘iﬂﬂlflj@'ﬁ SPSF318 quaauamaui%ﬁlﬂwmam ’iﬂﬂﬂqiwa"ﬂu

londnvaiudmuindudes Aspergillus flavus

(1) Yunawssasafaveruanidies A. Flavus (SPSF318)

Tunsmeasaiuannsiasiieriivansatanenuii 5 duveaidesn A flavus (gﬂﬁ 6) léun
ansatanenuiiaialdainownsidoade (broth extraction) ldud broth ethyl acetate (BE) uay
broth water BW) Ingafnainonmsiaenidosiuau 7.5 ans dauansaiaildaneadidos (fungal
extraction) lwn cell acetate (CE), cell hexane (CH) wag cell methanol (CM) Imaﬁwaéﬁ’aﬁ
drnnisudy 143,15 ndu dnwasmnenenwussansatauasUTinaasataildnomn dauandy
a15197 3 ndaantuthundnwesiuszneumanailiagld#3anismis chromatography #is

sUN 6 Msifeaieliivansaiavetuvendes A flavus

o . y o, X Y r .
A191991 3 @15@NANEIUNY 5 dIUT0UTEI A flavus anwaEnIINIeNIN Uvitinuag Percent yield
YIFTANAL BN UN UL DS UNLEN A

adufi | ansatevneu ANWUZNIINIBATN Ywin (g | % yield

1. Broth ethyl acetate (BE) | w3l dduida 6.4400 g 4.50 % (W/V)

2. Broth water (BW) younamiln dmads | 18.7600 g 13.11 % (W/V)
3, Cell acetate (CE) Nk Ftmna 0.0427¢ | 0.03 % (W/W)
4, Cell hexane (CH) SNV GGG 0.0865 ¢ 0.06 % (W/W)
5, Cell methanol (CM) N Ftmnauda 0.6505¢ | 0.45% (W/W)
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) uamswadaugnansiudseulesilnlsfiuavasansananetuns 5 druvaaden A. flavus
miﬁﬁ’mﬁﬁqw%‘é’ué’i’jﬂLaulezjﬂeﬁ’mdnlﬁﬁLﬂuaﬁaﬁ’m%ut,a%aaz%w (ethyl acetate, EtOAC) 910
didsadouaviwaduenie Tnefldnisdiudasindu 7883 + 272 % usr 7245 + 355 %
pudiy Gudumaiirauladedsufuasuasguildlunmeaeddun  Uinme uag kojic acd
TnesiAnnsdudaviniu 94.26 + 0.65 % uaz 80.18 + 0.84 % AU U FaAseR 4

A13°99 4 qvisn1sdugseuledinlsdiua NAuutu 20 pg/ml
VDA TANANLIUNY 5 d1UVeUTes A. flavus

austudaaulasinlstius
araudl AnsafavienuIs 5 dau (% Tyrosinase inhibition)
fnanudiudu 20 ug/ml
1 Broth ethyl acetate (BE) 78.83 £ 2.72
2 Broth water (BW) 48.33 + 2.32
3. Cell acetate (CE) 72.45 + 3,55
il Cell hexane (CH) -11.98 + 1.23
5. Cell methanol (CM) -9.10 + 1.28
Positive Std. anwﬁm(msaﬁ'ﬂ%guﬁﬂmnLm'u:uzmm) 94.26 + 0.65
Positive Std. Kojic acid 80.18 + 0.84

(3)  WANSUBNENTUSEUS

Tunsmeaeasuannsidesiiedfivansatanenune 5 d@nvssdesn A flavus loun broth
ethyl acetate (BE), cell acetate (CE), cell hexane (CH), cell methanol (CM) wag broth water
(BW) ndanntiy thanfinwesiussneunmaniliagld3anisms chromatography s

ansauenansianemn 4 9dn fe BEL, CE1, CE2 uay CM1 lofigailondnuallaglfineia
119 spectroscopy blA UV, IR NMR uag MS yasan3ie 5 win liwa fe kojic acid (BE1) Fafiuans
ﬁwumnﬁqﬂ’tuaﬁaﬁ’mﬁmﬂlﬁ ditryptophenaline (CE1), 2,3,5-trihydroxybenzamide (CE2) uag
diglycerol (CM1). The
lngdayadnuaenanienn AuauUaniuail uae spectroscopy data vosasuazainfiaed
1. @15 BE1 (Kojic acid):
- fdnwsuasadadun azangldlu methanol wag ethyl acetate wurfiuqndtiniauuusu TLC
dloiuge 50 % sulphuric acid waglaudou
- Tunsvh TLC Wngld mobile phase #iusgnausie chloroform way methanol Tudasid 9:1
v/v, 861 R = 0.46
- UV spectrum Tu methanol & maximum absorption ﬁ Xmax 217 nm wag 269 nm
- IR spectrum & peaks Usznousig 3429 cm_l(—OH), 1650 cm_1(C=O), 1613 cm_1(C=C), 1212
cm  (C-0-C)
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- Groups of protons @unsnfigaviondnual laeld 'H-NMR (CD;0D, 500 MHz) waflléde
methylene protons resonated at O 4.39 (s, 2H), two olefinic protons of pyrone resonated
at O 7.93 (s, 1H) uag 6.48 (s, 1H). Hydroxyl group resonated at O 3.35 (s, OH)

- @15 BEL, Lﬁ'aﬁwsﬁayja UV, IR, 'H-NMR spectra waziSpuisuiuansfidsenunda (Sun et al.
2014) (A1374i 5) FeagUinans BE1 Ao Kojic acid (Ul 7)

Ul 7 Tassa¥remaniives BET (Kojic acid)

AN519% 5 'H-NMR spectrum data 989 compound BE1 k& kojic acid (Sun et al., 2014)

"H-NMR of BE1 (CD,OD) "H-NMR of kojic acid (CD,0D)
Position
O (ppm) pattern O (ppm) pattern
3 6.48 s 6.50 s
6 7.93 s 7.95 s
7 4.39 s 4.41 s
7-OH 3,35 s 3,35 s

2. @15 CE1 (Ditryptophenaline):

- flanwauslunsdvn azanelalu methanol

- Tumsvi TLC tneld mobile phase fivsenausie chloroform uaz methanol Tusnsnaau 98:2
viv aniuugndinadiegnielsl UV 250 nm wazdien R =0.54

- UV spectrum Tu methanol & maximum absorption 7 Kmax 204 245uag 303 nm

~ FTIR §l peaks Usynousig 3812 cm (N-H), 2928 cm (C-H), 1649 cm (-C=0),
1455 cm’(aromatic) waz 1208 cm (C-N)

~ 'HANMR spectrum of compound CE1 (CD;0D, 500 MHz) u#n4 signal of methyl groups and
appeared at 0 2.96 (2 x 3H, s), the signals of methylene groups at 0151 (2 x 1H, t, J =
12.5 Hz), 1.95 (2 x 1H, dd, J = 4.5, 12.5 Hz), 3.21-3.17 (2 x 1H, dd, J = 4.5, 14.0 Hz), and
3.46-3.42 (2 x 1H, dd, J = 3.5, 14.0 Hz), three signals of methine protons at 0 3.65 (2 x 1H,
m), 4.22-4.20 (2 x 1H, m), and 4.80 (2 x 1H, s). Moreover, it showed chemical shift of
pyrrolidine proton at O 4.75 (2 x 1H, s), aromatic protons of benzene appeared at O 6.49
(2 x 1H, d, J = 8 Hz), 6.65-6.62 (2 x 1H, dt, J = 1.0, 7.5 Hz), 6.96 (2 x 1H, d, J = 7.6 Hz), and
7.02-6.99 (2 x 1H, dt, J = 1.0, 7.5 Hz). In addition, it showed aromatic protons of phenyl
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ring appeared at O 7.07 (2 x2H,d, J=65Hz), 7452 x 1H, t, J = 7.25 Hz) and 7.50 (2 x
2H, t, J = 7.25 Hz).

C NMR spectrum (125 MHz, CDsOD) Wana nineteen carbons appeared at O 165.43 (x2),
164.00 (x2), 150.03 (x2), 134.33 (x2), 129.60 (x2), 129.29 (x4), 129.22 (x4), 127.90 (x2), 126.33
(x2), 125.61 (x2), 118.89 (x2), 109.57 (x2), 78.55 (x2), 63.05 (x2), 58.85 (x2), 58.49 (x2), 36.11
(x2), 35.85 (x2), and 32.52 (x2) ppm.

HMBC spectrum THiileidudeyaaiuayuin linkage bonds seldeslassaiiadniedu uazain

HMBC spectrum, the proton at O 3.46 (H-10a) showed a correlation to the carbons at O
58.80, 134.33 and 164.00, which were C-3’, C-4 and C-24 of ditryptophenaline structure.
CE1 & chemical formula as CaoHaoNgO4, molecular ion peak, on the ESI-MS instrument, at
715 m/z, which was the deducted molecular mass as [M+Na ] peak

Mndeyanis spectroscopy WarmUisuliivudeyaiiisienuuds (Shen et al., 2016) #4

wandlunnsnedl 6 annsaazuléinans CE1 @e ditryptophenaline

A15199 6 'H-NMR and C-NMR spectrum data ¥89 compound CE1 Wag ditryptophenaline

Ditryptophenaline (400 MHz, CDCL,)
Compound CE1 (500 MHz, CD;0D)
(Shen et al., 2016)
Position
3. (ppm) O, (ppm)
dc (ppm) o dc (ppm) o
(multiplicity, J in Hz) (multiplicity, J in Hz)

1,1 - 4752 x 1H, s) - 4.68 (2 x 1H, s)
2,2 78.5 4.80 (2 x 1H, s) 78.0 4.80 (2 x 1H, s)
3,3 58.8 - 59.09 -
4, & 134.33 - 134.64 -

7.02-6.99 (2 x 1H, dt, 125.89 7.06 (2 x 1H, dt, J = 0.8,
55 125.61

J=1.0,7.5Hz) 7.6 Hz)

6.65-6.62 (2 x 1H, dft, 119.08 6.69 (2x 1H,t, J =7.2 Hz)
6,6’ 118.89

J=1.0,7.5Hz)
17,7 129.60 6.96 (2x 1H,d,J = 7.6 Hz) 129.78 6.96 (2x 1H,d,J = 7.6 Hz)
8,8’ 109.57 6.49 (2 x 1H,d, J = 7.6 Hz) 109.78 6.54 (2 x 1H,d, J = 7.6 Hz)
9,9 150.03 - 150.30 -

151 2 x 1H, t,J = 12.5 H2) 1.56 (2 x 1H,t, J = 12.4 Hz)
10, 107 B6.1 3.46-3.42 (2 x 1H, dd, 36.14 3.52 (2 x 1H, dd, J = 3.0,

J=35,14.0 Hz) 14.4 Hz)
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A1519% 6 H-NMR and C-NMR spectrum data Y89 compound CE1
wag ditryptophenaline (#d)

Compound CE1 (500 MHz, CD,0D) Ditryptophenaline (400 MHz, CDCLl,)
(Shen et al., 2016)
Position
Sy (ppm) Oy (ppm)
dc (ppm) o Oc (ppm) T
(multiplicity, J in Hz) (multiplicity, J in Hz)
11,117 58.49 4.22-4.20 (2 x 1H, m) 58.70 4.27-4.22 (2 x 1H, m)
12, 12" + - - -
13,13’ |165.43 - 165.55 o
3.65 (2 x 1H, m) 3.65 (2 x 1H, dd, J = 4.8,
14, 14> 163.05 63.27
12.0 Hz)
195 (2 x 1H, dd, J = 4.5, 125 201 (2 x 1H, dd, J = 4.8,
15,15 [35.85 36.14
Hz) 12.4 Hz)
3.21-3.17 (2 x 1H, dd, 3.24 (2 x 1H, dd, J = 4.4,
J=45,14.0 Hz) 14.4 Hz)
16, 16" 1279 - 128.07 s
17, 177, 129.22 7.45 (2 x 1H,t,J = 7.2 Hz) 129.46 750 (2 x 1H,t,J = 7.2 Hz)
21, 21°
18, 18’ |129.29 7502 x 2H,t, J = 7.6 H2) 129.46 7.55(2 x 2H, t, J = 7.6 Hz)
20, 20’
19, 19" |126.33 7072 x2H,d,J=72Hz) 126.62 713 (2 x 2H,d,J =7.2 Hz)
23, 23’ 325 296 (2 x 3H, s) 32.69 3.02 (2 x 3H, s)
1
HH o
LN 9| A
\“3; 4 =
e

H H

sUil 8 Tassaremaaiives CE1 (Ditryptophenaline)
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3. @15 CE2 (2,3,5-Trihydroxybenzamide):
fanvauzilunanidudinies avanelalu methanol
Tunnsvi TLC Tngld mobile phase fiuseneusae hexane: ethyl acetate ludasid 6:4 vAv
auiiudugediden uazlian R =0.31
UV spectrum Tu methanol i maximum absorption i - 204 220, 258, 292 llag 463 nm
IR & peaks Usznauniy hydroxyl group (3430 cm’), C-H stretch of alkyl (2921 cm’),
overtones (2307-2357 cm_l) ey carbonyl group of primary amides showing two spikes
(1628 cm ).
"H NMR spectrum (CD;0D, 500 MHz) revealed two signals of olefinic protons at Oy 7.19 (d,
J=25Hz) wag 6.5 (d, J = 2.5 Hz).
ﬂ’liﬁ@ﬁ]ﬂl@ﬂé’ﬂwﬂj“uaﬂ CE2 14 LC-MS using electrospray (ESI) positive mode R peak LAY a
dominant fragment ion of m/z 150 [M+H]" by electrospray ionization 91ANaYa9 LC-MS ¥
IiaguUlednans CE2 Ao 2,3,5-trihydroxybenzamide (C/H,NO,) (gﬂﬁ 9) Imﬁfmﬁfﬂimaqa
(molecular weight) WinAu169
PNIWNUADUAUINUINES  2,3,5-trihydroxybenzamide Fadu benzamide derivatives
31EN’mi]Vlémﬂ%’JmWﬁMmﬂMmEJ U anti-tyrosinase activity Wag anti-melanogenic activity
(Lee et al., 2019), anti-proliferative activities against the human cell lines of colon
adenocarcinoma (HTC-116) (Chan et al., 2018) St CE2 ﬁaL{‘Jumiﬁmaﬂaﬁaﬁﬂmqwémﬁ
Frnmdue el wiiloeanlueuddel annsauenansiinanldludsiades liiemmedenis
neaeugmsvsTaninld fafuluewanasienans CE2 dsdu Weldlunsfinunduq sdely

O NH
2

HO

HO OH

gil‘i‘?'i 9 lassasremaniives CE2 (2,3,5-Trihydroxybenzamide)

4. #15 CM1 (Diglycerol):
fanwasdundndudun azanelalu DMSO
IR i peaks Usznause 3,399 cm’ (OH stretching), 2,944 cm ' (CH stretching), 2,902 cm’
(CH, stretching), uag 1,080 cm (CO stretching).
"H-NMR (DMSO-dg, 500 MHz), revealed signals at 0 4.37 (IH, d, J = 53 Hz), 4.29 (1H, t, J =
5.6,11.2 Hz), 4.10 (1H, d, J = 7.0 Hz), 3.54 (1H, t, J = 7.5, 14.8 Hz), and 3.39 (1H, m).
“C NMR spectrum, three signals were obtained. All signals of PCNMR spectrum showed a

correlation with the 'H-NMR spectrum. The methylene carbon, which connected with

oxygen of ether was found at O 71.5, which was a C-1 and C-1°, signals of methine carbon
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assigned as C-2 and C-2’ at 0 69.9 and methylene carbon, which connected with hydroxyl

group assigned as C-3 and C-3” at 0 64.0.
- ndeyarimun uaznsiieuiisy H-NMR and T C-NMR data (ans1eil 7) fulassaineans
weiisigaunaunt (Tryznowski et al., 2016) aunsaasulain CM1 fie diglycerol (3U# 10)

OH OH

Ho\)\/o\)\/oH
2

1 3

sUl 10lAssadamaiaiives CM1 (Diglycerol)

A1519% 7 'H-NMR data of compound CM1 (in DMSO-d6; 500 MHz)

Compound CM1
Position Oc (ppm) O, (ppm)
(multiplicity, J in Hz)

C-1a, C-12’ " 4.37 (1H, d, J = 5.3 Hz)

C-1b, C-1b’ 429 (1H,t, J = 5.6, 11.2 Hz)
C-2,C-2 69.9 3.39 (1H, m)

C-33,C-3a’ 6.0 354 (1H,t,J =75, 14.8 Hz)
C-3b,C-3b’ 4.10 (1H, d, J = 7.0 Hz)

@)  wamagaugrsnissusaauledivlsfiuavesansuausiuenldainiden A flavus

ﬁwmau’%qwéﬁ'LL&Jﬂléfmmﬁ'ﬁyaiw A. flavus Taun kojic acid (BE1), ditryptophenaline (CE1) uag
diglycerol (CM1) Saduansiidusmnamnnwe wmageugninssudueuleilnlstua Tasazmmen
i duresansiiannsadudwoulsllvlstiuald 50 % (Cs) 833 Dopachrome method
WU11 BE1 s?i'ﬂﬂgjaﬁt,aﬂé’ﬂwail,t,é’uﬁu kojic acid ﬁqmémwsé’ué’?ﬂﬂﬁﬁmﬁ’umimmgm kojic acid
fafupiadn BEL amduansvdniviilviansadeves A flavus eengvisudueuledivistiua efl
ditryptophenaline (CE1) wag diglycerol (CM1) lﬁ,iﬁqm‘éluﬂ’ﬁé’uégaLaulszjﬁlmii%ma (ICso > 200
ue/ml) fanandlumsnedi 8

PMNFIBNWITLADUNL WU kojic acid Aanuanunsalunisdugieuladlnlsdiua lnanisau
fiu dicopper complex Tudunoulsn Lazdnv119n159UAUYes catechol substrate @il kojic
. S o a v a v @ a1 i aw & &
acid wansgvsdugeuleiivlsfiuawasiueuyadasslan  [Wumhdeaenluanidegutivenans
2,3,5-trihydroxybenzamide (CE2) latoeiuly luansnsatsnvaaeugnslasla
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(%)

(6)

A5l 8 IC5, of isolated compounds on tyrosinase inhibitory activity

Compounds name ICs (pg/ml)
Kojic acid (BE1) 8.73
Ditryptophenaline (CE1) >200
2,3, 5-trihydroxybenzamide (CE2) NT
Diglycerol (CM1) >200
Kojic acid” 3.48
Water extract of Artocarpus lakoocha' 0.78

" = Positive control, NT = Not tested due to trace amount of compounds.

4 o/ 35 = Q‘U g a
nan1magaugnsn1sduseuludinlsBiuauazgnsdudenisainuiindiuaniiy
Tuwadwanlulaviviia B16F1

nnsnageugrsn1sdudueuleiinlsBuatazgnddudinisasadedinadu - Tuwad
wanlulevivlin B16F1 vesansanafil kojic acid Usuiauge (Kojic acid rich extract; KARE)
WAYATANANEIUNS 5 @9 WUI1 KARE 71nnaidudu 200 ug/ml @snsadussieulaslinls
a = gj F % @ f & a ¢ I3 %
Fiua lnedimdudimsasiadedluwaadinduaniu Tuwadwailuley! windu 70.85+2.33 way
71.49+1.09 a1y (191991 9)

dy [ = % gj a Y g.J/ 1% @

wonanilarsadn CH Hauansatunisdudueuledlinlstiualazdudinisaiiudnd
Tuwaadindwandy  Tuweawanluleild  Fadumiaulanas@nwesrusznoumaniuag
AnwinalnltussAvguninestesiumsawantiudeld Nsliieteyaiazrunuanslniiigns
gugseulallnlsBiuanely

Sy & a o o £ A v &
Naﬂ"li‘i/lﬂﬁé]‘uE]‘I/Iﬁﬁ’mwj’e)?ﬂa%W?Jé]s‘la’]iﬁﬂﬂLLﬁ“’ﬁ’]i‘U’iﬁVlﬁ‘VlLLEJﬂ1ﬂ§]”IﬂL‘UE]i’] A. flavus

ansafaveuTa 5 fegha mmmaauqmmulﬂjmaumﬂ Immﬁ Agar disc diffusion
method (Lorian, 1996) Tagvihmsnageufiudeuuaiide sSiuunon 6 aneug laun
Gram positive bacteria 4 ma‘wuq loun  Staphylococcus aureus, Staphylococcus
epidermidis, ~ Methicillin  resistance  Staphylococcus  aureus ~ (MRSA) W@z
Propionibacterium acnes; Gram negative bacteria 2 maﬁ’uﬁf lauA Escherichia coli way
Pseudomonas aeruginosa; B@s 1 maﬁuﬁ: laun  Candida albicans lagvaaeuyiniw
LNTUVDIATAAALINAY 2 mg/disc NaNITNAGDUNUI

a1sanntu BE waz BW fgndnaduduvefinaaeulidudiulng (5 areiud) naduana
Tuansned 10 sesasnluansadn CE Sqvsdudadennaaeuls ¢ aewug diueasadn CM I

Lo & & v a v & Y, ™ Lo & & 4 1%

gisdudaienvaaeuliiiies 1 anewusd wiansadn CH Lifignsdududennaaaulsiae

Kojic acid @uduansusansiuenls aunsadudadeiliveaeuldvisnun endiu P
acnes way C. albicans usnaniuaisananaualififududesmamuaiinuivageu
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A151991 9 N1sfudanisyinauveseulelinlsBuataznisdudinisasiadindiuatu
Tuwadwanlulevivda B16F1 anansannrenuvetos A. flavus

arbutin

kojic acid

KARE

BE

CE

CH

c™M

BW

AULTUTU % Inhibition of melanin
% Tyrosinase inhibition

(ug/mL) production
100 98.83+1.35 76.63+0.07
50 65.01+1.90 54.40+1.04
100 43.25+1.35 61.58+0.37
50 13.12+1.17 33.39+0.33
200 70.85+2.33 71.49+1.09
100 30.61+2.23 35.71+0.65
50 12.15+2.69 29.58+0.09
200 66.18+1.35 81.38+0.43
100 13.70+2.33 53.58+0.67
50 3.21+1.35 42.54+0.55
200 \waanIY \waanIY
100 \waanIY \waanIY
50 \waanIY \waanIY
200 LaaAe LaaAe
100 100.00+4.04 87.81+1.10
50 52.19+1.35 74.67+0.16
200 34.69+2.69 67.08+0.86
100 26.53+4.47 43.21+0.17
50 8.26+1.35 20.75+0.33
200 19.18+1.35 53.89+1.38
100 20.12+2.23 34.26+2.41
50 14.87+2.33 20.63+2.11
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M15197 10 QVEANUTRIRUNIEIVRIANTATNINLTEIT A. flavus (SPSF318)

Inhibition zone (mm)
Microbes Standard
BE** CE** CH** CM** BW** Kojic acid***
drugs*
Gram positive
S. aureus 23.05+0.85 13.75+0.70 8.45+0.86 - - 13.50+0.85 10.20+0.50
MRSA 22.35+0.40 10.85+2.00 10.65+0.90 - - 11.85+1.48 9.40+0.60
S. epidermidis 22.35+0.40 15.10+0.74 - - 11.55+0.98 14.60+1.08 16.65+1.76
C. acnes 38.80+0.35 - - - - 9.40+0.60 -
Gram negative
P. aeruginosa 29.55+0.40 18.50+0.10 8.30+0.75 - - - 15.40+0.98
E. coli 23.30+0.45 14.65+0.29 8.15+0.75 - - 19.20+0.10 16.65+1.76
Yeast
C. albicans 38.60+0.35 - - - - - -
Fungi
T. rubrum 43.05+0.85 - - - - - -
T. 45.35+0.40 - - - - - -
mentagrophytes
M. gypseum 22.35+0.40 - - - - - -
* Standard drugs: Norfloxacin: dmsuide P aeruginosa Way E. coli ngld 10 pg/disc
Oxacillin: dusuldie S. aureus, S. epidermidis way C. acnes agld 1 pg/disc
Vancomycin: 15Ut MRSA Tngld 30 pg/disc
Amphotericin B: @ msuide C. albicans Tneld 25 ug/disc
Ketoconazole: T. rubrum, T. mentagrophytes wag M. gypseum  agld 25 ug/disk
** Crude extracts: BE: Broth Ethyl acetate; CE: Cell Ethyl acetate
CH: Cell Hexane CM:  Cell Methanol
BW: Broth Water
***|solated compound: Kojic acid
- A9 inactive

(6.1) msmaaummmL%’u%’uﬁ"laﬂﬁmmsnﬁuéy’aLﬂ'?'?a‘lé’ (MIC)
Luaamﬂmamsmaauqmmuwaﬂauma éuaqmiaﬂwmum 5 @1 lnegds Agar
disc diffusion method wuI@1saiadu BE CE uag BW a’lmmaumlﬂjmwmaaLmimmﬂ (S.
aureus, S. epidermidis, P. acne g MRSA) LLazEJ‘UENLGUaLL‘UWLssJLmimaU (E. coli wag P.
aeruginosa) 19

A a aa

ﬁﬂﬁ?ﬁﬁﬂﬁﬁﬂﬂéiﬂﬂ’]igUﬂgﬂL%@LLU?W]LiEJ‘Vl@ 14uA ansata BE, CE way BW 52331
ﬁ?iU%?}%éﬁLLﬂﬂlﬁﬁzﬂ 3 «iin mmaaummmLﬁm%’uﬁﬁqmﬁmmia%gﬂﬁa (minimum  inhibitory
concentration, MIC) La¥aTe (minimum bactericidal concentration, MBC) W 6 aneiug Meds
broth dilution method Tnawiseuansiigosnsnaaeuiirududu 2.56 me/ml thundosands
az 2 Wi fMeo1wns MHB Tu 96 well plate Fanrmidudugainevesansmogisazimmandudy

! g:' a dy dl U ¥ ¥ v | % 6 ! a2
FENIN 4-256 pg/ml ntuRnwenuTuanmdutulivindy 107 CFU/ml adluudasvraud3unns
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100 pl Yuiigaungil 37 ssrwaidea Wuan 18-24 4309 wazenuTrugiilidu positive control
WSEUNAMIULTNTY 32 pg/ml l9MaIRsIag 2 Wi wagiiuweatll Anududugnvngvedenzilen
AULVNTUTENIN 0.125-8 pg/ml

PNNTNAFOUNUIY BE wag CE a@wnsadudinmsiaseydulavetiouuniisy S,
epidermidis, S .aureus way E. coli lnadian MIC winifu 256 (ug/ml) uenainil KARE Adsanunsa
guduie S. aureuslawilan MIC WInAU 256 (ug/ml) (AN51991 11)

M19199 11 MIC waz MBC vasansanauazaIsusgvaniuentaain A flavus

S. epidermidis S. aureus MRSA P. acne E.coli . aeruginosa

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
BE © 256 >256 256 >256 - - - - 256 >256 - -
CE® 256 >256 256 >256 - - - - - - - -
BW - - - - - - - - - - -
KARE " 256 >256 - - - - - - - -
Ditryptophenaline P - - - - - - - - - - -
Diglycerol P - - - - - - - -
Oxacillin ® 0.12 1.00 0.25 1.00 - - 1.00 >8.00 - -
Norfloxacin ° - - - - 0.50 1.00 8.00 >8.00
Vancomycin : - - - 0.50 >8.00 - - - - - -

‘= crude extracts, "= isolated compounds Wag * = standard drugs,

MIC = minimum inhibitory concentration; MBC = minimum bactericidal concentration

N13ANBI89AUIENBUNIUAILAZgNEN 19T ININYEY SPSF224

(1) nsigaiananwalvaNasn SPSF224

AnSU

SPSF224

Fadigauiondnuallag

Leibniz-Institut DSMZ-Deutsche

Sammlungvon Mikroorganismen und Zellkulturen GmbH, Germany Wéﬁja;gjaﬁﬂﬁ

Species:

Gene:

GenBank Accession:

Strain:

Length (basepairs):

Sequence Similarlity(%):
ndoyailsd ajuin SPSF224 Wwdesalla Penicillium maximae ignéunuiiiey
W.A. 2556 (Visagie et al., 2013, 2014)

(2)

[

TR IRl

VA o

Penicillium maximae
CALM

KC773821

NRRL2060

427/435

98

ANSANEID9IAUTENBUNILAL

ANUUSINYe wazlenainans (Uit 11) lauSinaasaiadwuandunisied 12
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The fungal
culture in PDB
filtrate ’-

Brou Cell

Partition with i soaked with
EtOAC Methanol
I | 1
Broth water Ma MeOH part
o rc e a
(BW) P
|| Broth EtOAc partition with
(BE) Hexane
1 1
Cell hexane
MeOH part
(CH)

partition with

EtOAC
| | Cell EtOAC
(CE)
| | Cell MeOH
(c™m)
gﬂﬁ 11 WNUAMNISANAATIUNLTDT) SPSF224
A15°99 12 a15ainaNies1via Penicillium maximae (SPSF224)
Part of extracts Weight (g) Physical appearance
Broth ethyl acetate (BE) 5.767 Red-brown gum
Broth water (BW) 10.532 Black gum
Cell ethyl acetate (CE) 10.532 Black gum
Cell hexane (CH) 10.532 Black gum
Cell methanol (CM) 10.532 Black gum

AN5aNMAINTDIT SPSF224 Ti99AUsenaunIaalliaaudauin Javinluuenaslasin JunauLsn
Tunsfinwesausenaumanll fIduladnwingnuailiUessiu (Phytochemical screening) Liveanas
asalinaunsanulaluasananiaz sl AwandluansIen 13 FINUINEITENANINUANTITNUEIT
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ﬂﬁjll Tannins way Alkaloids Tuwade# Cardiac glycoside, Steroids Wag Saponins miaﬂlﬂwuiuﬂqﬂ
a1sain  wennUuEdelaAnwImUSIaEsngy Phenolics (Total phenolic content) ua
USu1eu Flavonoids (Total flavonoids content) adiandlunisned 14

A3 13 NsAnwIngnuAtiUeInuvetansainaINes1vlin Penicillium maximae

(SPSF224)
Phytochemicals CE BE BW @] CH
Tannins / / / / /
Alkaloid / / / / /
Cardiac glycosides X X X X X
Steroids X X X X X
Saponins X X X X X
Flavonoids / / X X /
Terpenoids X X X X X
Coumarins / X X X X
Anthraquinones / X X X X

/ = Present, X = Absent

M1919% 14 Total phenolic content Way Total flavonoids content ¥83a15aRANLTDINULUA

Penicillium maximae (SPSF224)

Total phenolic content Total flavonoid content
Extract (mg GAE/g of sample) (mg QE/g of sample)
Mean SD Mean SD
CE 8.891 0.396 7.726 0.186
BE 6.119 0.198 2.235 0.149
BW 1.828 0.412 -0.021 0.009
Cc™M 0.970 0.198 -0.036 0.003
CH 5.327 0.396 1.358 0.176

Sovhmsuenans wuiansfiuenlfiuTinadesinn  sullanunsahlufigadiendnval
vesanslagldinadianns spectroscopy I fatiudsAnuosAusyneumanaiivesasaria way fraction
ineq fiunavle Tneldwedaufalasuilnsns il waaweadalnsines (Gas chromatography-
Mass spectroscopy; GC-MS)

nsAneIRUIENEUNINLASITesaITain CH Ay GC-MS Wuailans n-hexadecanoic
acid, 2,6-dimethyl-N-(2-methyl-alpha-phenylbenzyl) aniline Wag 3beta-acetoxy-6-nitroandrost-
5-en-17-one \Wuduusznaundnvesaisann
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wonantiuiievinisuenans aanansaria BE lﬁaﬁﬁﬁau%qwé PM1 Fadlefnwiesiuszneunia
wimeawmealla GC-MS (;s‘lJ‘ﬁ 12) WUl 3-(1-methylbutyl)-1,2,4-cyclopentanetrione (CioH1405)
wae suberic dihydrazide (CgHsN,O,) WuduUsznoundn (Uil 13)

12Q/F.8.8/4-5 (4181-60_N03.D)
£ x10] §
2] N
C 35 - E,
b 2
™M
2.57 ol
Py -
1.57 RS L@ ~ - -
. 3 ¢ 5 (3 :H: & 2
IL|5|: — 2 ;'____. MA_LL. L oM & 9 w[ 8 I T 8
T T T T T T T T T T T T T T T T T T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 20 27 28 29
Acquisition Time (min)
8 12.3793 12.3278 12.5089 2024239.2 4511270.8 26.7 14.45
9 12.6008 12.5634 12.6332 40235.1 85062.6 0.5 0.27
10 12.6764 12.6332 12.7936 313530.0 753008.3 4.4 2.41
11 13.0761 13.0275 13.1192 58006.8 160183.3 0.9 0.51
12 14.1728 14.0485 14.3024 4579576.6 16922005.0 100.0 54.19
12.3793 Suberic dihydrazide 20247-84-1 C8H18N402 4511271 68.4
14,1728 1,2,4-Cyclopentanetrione, 3-(1-methylbutyl)-  54644-19-8 Cl0H1403 16922005 82.3
] % a £
E‘U‘VI 12 GC-MS GUEJ\‘iﬁﬂﬁﬂﬂ‘Uiﬁj‘V]ﬁ PM1
H,C
CH,
o 0 0 H
HQN“NJ\M NHE
0 H 0
3-(1-methylbutyl)-1,2,4-cyclopentanetrione Suberic dihydrazide

JUN 13 a3AUsznouvannIaAiives PM1

UBN9N ENSNIUTEVS PM1 Wwéd awnsouenanshsuiavs PM2 Faenléinn CE
iosn PM2 Auenlsl fusinadiesunn lianunsaiigatiendnwal Taglddeyans spectroscopy 16
AU udaansamansaiandeyares HANMR wag LC-MS dflanandululifiasiduansngy
auusveILAlsTiuReAkarasANquInGDY

o <o
(3)  MsANYINENITINN
TUN1INAERUVENIHININYBIATANAIINTDIT SPSF224 TaevinNsnageugnavesans
afiaudazdu Beguamueuludieavhngladinadsiandunisien 15 nuasaialudiuveeadd
Lo 7 & 2% a £ = Y v A a v 1 a aa
qVisTANINY BE, CE oz CH uonaIntuansnavigns PM1 fieududy 2 fadnduseliadans
wuhilgrisdudaeuluduearngla@inalas feseuay 91.83+1.59
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tndgladnwiiindia lnenegeunisnsedun1snas insulin Tu cell line (INS-1E) 3 nfugeu
YOIATANAUTUANY NafuanslunnsIen 16 Fanunasanaaalutuuyiuea (cell methanol,
CM) N32AUNIIUAY insulin laATian

[
LYY

A15199 15 grisdudaeulasivearnglafinavesansainsing 9 91nwes) SPSF224

Anti-alpha-glucosidase activity ICso
Extracts / Compound
(% inhibition at 2 mg/ml) (ug/mU)

Broth ethyl acetate (BE) 97.12+1.01 1008
Broth water (BW) 45.63+0.21 -
Cell ethyl acetate (CE) 118.59+2.71 1080
Cell hexane (CH) 104.03+0.42 490
Cell methanol (CM) 27.77+0.11 -
Semi-purified PM1 91.83+1.59 -*
Acarbose " 87.66+0.21 205

Data were expressed as mean+SD
P e

= Positive control
* = insufficient amount

M9 16 NANIINAEBUNIINIEAUNIIUAY insulin Tu cell line (INS-1E)
VOIANTANAAN 9 1N SPSF224

Sample Insulin secretion (ug/L)
Control 2.5 mM 42.95
Glucose 10 mM 50.63
Glibenclamide* 50 pg/ml 57.10
CE 10 pg/ml 51.62
CH 10 pg/ml 40.79
BE 10 pg/ml 57.63
BW 10 pg/ml 53.27
CM 10 pg/ml 66.43

* Positive standard
wenantutnIfelednwgrsmueuyadasyuseneulumsfnmgnsni@inm  wadd

wanalumsen 17 Fawadlanuiansaiannduilgnsiueyyadaseinun tuniansanan fAe &1s
anman cell ethyl acetate, CE
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ms’m‘ﬁ 17 Percent inhibition of DPPH radical scavenging activity

at 200 pg/ml of P. maximae extracts.

Sample* % inhibition at 200 pg/ml** | SD

CE 31.25 5.89
BE 28.40 2.39
BW 2.66 0.33
M 1.47 0.26
CH 11.69 2.14
Positive standard, quercetin 93.44 1.54

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract;
CM: cell methanol extract; CH: cell hexane extract.

**Values were represented with mean + standard deviation of three replication (n=3).

mﬂmsmaaquﬂwmﬁﬁaaﬁu (Phytochemical screening) luansafnves SPSF224
Mty wafmandumaedl 13 agwuasngy tannin waw alkaloids Iimndu wlimuansnga
cardiac glycosides, sterods kag saponins @muansnau flavonoids wuludu CE, BE uay CH le
NIUNGUAIIATNY FaNARBIIAT flavonoids content Lﬁﬁammaamﬂé’awaﬁauﬂa (51971 14)
uazioilUAnwgvsiueyyadassvesasadn esanidugvdidnwuluaisngy flavonoids @
wuhansareludu CE, BE uay CH finsranuindiansngy flavonoids levnuSunmansnauil WGRG
luansatatu CE uaswutoraalutu CH uaznmalinulutu BW uay CM denndesiunsvadey
ngnuwedlifosuiiling flavonoids luansafniisaes Wegqudmsdnuayyadass (anti-oxidant) &9
nAdoUMIE3S DPPH (A1s1efl 17) wudn CE afiU3unas flavonoids wae phenolic compounds 3110
fian Sqniuouyadaszanniian wudy

& v v
o o A 1A

WennaaugnsIugutaaunIdiuAeiuansann SPSF318 wulnansainainyy Broth

q
¢ [ Y

ethyl acetate extract (BE) wgnseguesiye  Staphytococcus aureus,  Trichophyton
mentagrophytes and Trichophyton rubrum lagdian clear zone WAy 8.1+0.1, 6.4+0.5 uag
11.242.6 mm sua19U kaz Cell methanol extract (CM) ﬁqwéguéj\u%a T. rubrum IngdieA clear
zone Wiy 12.6+3.5 mm. Fauandluasnail 18
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A1919% 18 NSAUTEAUNIEY

(%

29815@NAANN LD P. maximae (SPSF224)

Zone of inhibition (Diameter, mm)

Microbes
Standard drug* CE** BE** BW** CM** CH**
P. aeruginosa 32.7+0.7 0 0 0 0 0
E. Coli 23.1+0.1 0 0 0 0 0
S. aureus 22.0+£1.8 0 8.1+0.1 0 0 0
S. epidermis 30.6+0.1 0 0 0 0 0
MRSA 21.3+£1.0 0 0 0 0 0
P. acnes 25.4+1.1 0 0 0 0 0
C. albicans 13.5+0.4 0 0 0 0 0
T. mentagrophytes 42.4+1.5 0 6.4+0.5 0 0 0
T. rubrum 50.3+2.1 0 11.2+2.6 0 12.6 +3.5 0
M. gypseumn 27.0+1.0 0 0 0 0 0

* Standard drugs:

** Crude extracts:

Norfloxacin:
Oxacillin:
Vancomycin:

Amphotericin B:

ey 10 pg/disc
dm3ude S. aureus, S. epidermidis waz C. acnes agld 1 ug/disc

dwsude MRSA Taeld 30 ug/disc
dwdude C. albicans neld 25 ug/disc

dmsuie P. aeruginosa wag E. coli

Ketoconazole: T. rubrum, T. mentagrophytes Wag M. gypseum agld 25 pg/disk
BE: Broth Ethyl acetate; CE: Cell Ethyl acetate
CH: Cell Hexane CM:  Cell Methanol

BW: Broth Water

** Concentration at 200 mg/ml; 10 pV disc (final conc. 2 mg/disc)

= . .
- A inactive
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ayUnan1sIdeuazUaLauaLuL

MnHanIsAnwIgEsTIn e AuESluAuBurisluiiuiing SwiausBna $1uu
104 frog1e Felszneusieasatinande Trichoderma sp., Aspergillus sp., Gongronella sp.,
Penicillium sp. 317U 4, 12, 2 uaz 83 feee MUSIFU wazdn 3 fegied vauziioliianange
figaiiondnuaiveadosld (unidentified) Tufudovfiala Tnevindiogns fenuaumagougysng
Fanm 5 o Tiun qrisdueuludivlsdiva Ghwarafiaundveuded) qrssueulsdiueanh
ngladina (Snwiuvnu) qrisiueuluiesdfiancdueawelsa (nwilsnausadey, Alzheimer’s
disease) gspaufufivsomaduzsaduy Gnwlsauad) uazgridunisdniay Gnwienis
DNLEUAN)

MNHaNIAGes WUl 3 fege Feldainide Penicillium sp. Sanssueulaiinls
Biuadin  @gvsdueuluilvlsdua > 50% favandudu 20 pe/ml) ldud  SPSFO318BE,
SPSF0318CE uwag SPSFO45BE (mimmgmﬁiﬂumiwmaauﬁjﬁa Uinvia  (water extract of
Artocarpus lakoocha) uag kojic acid Tasfigyisdueulssilvlsduawiity 98.82 + 3.97 uay
75.46 + 1.80% ANUA19U)

waeny 1 feghsdigrsiuevluiorifianedueamesaiin  (@qusiueuluies
Fianodueanelsd > 80% frududu 100 pug/m0) IéuA SPSFO13BE (Trichoderma sp.) (13
wesgwildlunsnageuiffio  Galantamine  figvsiueulesierdfianedueoanosa 97.69 +
0.95%)

wu 14 fegndgnienudufiviowasusiaiiug (MCF-7) 918 @enudufivae
waduz SuAuuaududy 25 ng/ml > 80%) lneldudetnainansanaiiosingy Penicillium
sp., Aspergillus sp. Wag Trichoderma sp. 971U 10, 3 kaz 1 AN ANEIRU Weat@g1y Nl
Nurawaduzisaiuy dmagauanuduivrewaaun® (Human gingival fibroblast (HGF)) wuin
Y I aa | ¢ a ' & a . Aa
yneguiifiwrsigaiunfiunnnit 20% (@suinsgiulunisnaaeuil Ae Camptothecin lngilfiuse
\wadNLSUAUIWINAY 94.01 £ 0.17% wazfiwsowadunid (HGF) 73.14 + 3.63%)

dmSugrisfunsdniau nan1smageuny 39 fegns avsdiunissniaudia (Fufans
W&4 nitric oxide 91 macrophage cell (RAW 264.7) finnnandudu 25 pe/ml > 60%) Inenfiu
ﬁaaﬂﬂamﬂmiaﬁ’mmﬂL%@iﬂﬂ&jm Penicillium sp. way Aspergillus sp. 97U 34 Wag 5 §19879
auddu Taeil 18 fregs Aififudewadfildnaaouunnnin 20% lunsmeaeugsiunssniay 19
Indomethacin tHuasunnssu nednvddunissniay 61.08 + 0.68 % uavilftusaiwadilimaaay
25.42 £ 2.99 %

dnfummegeugvsiueulesivearhnglafiiaa wu 62 fegne Nlgnadu oules
wearhngladwana @gvsdueuledueavhnglading fenududy 2 mg/ml > 70%) Tneidu
M8E19AINANTANAINRDIY NGY Penicillium sp., Aspergillus sp., Trichoderma sp. Wag
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Gongronella sp. 31U 54, 4, 2 uag 2 fvg1e auasu Tunsmvegeugradmueuleiveaningle
Huna 19 Acarbose Luansuinsgiu Wnedgvsiueulesduearnglafing 86.87 + 0.66%

INHANTVARDITIINA WU 4 fegafiinaula Ae SPSF318BE, SPSF318CE,
SPSF224BE way SPSF224CE Tmesnaeeii 4 f 3o 2 vl Ao SPSF318 way SPSF224 &4
L%jaiwﬁ'qaauﬂul,%jaimfju Penicillium sp. wilouiu lnsiliesiades uondu 2 fedrs fe duil
Suansaiai ethyl acetate Y80 WNTABUTD (broth, BE) uay diuveasarindy ethyl acetate
vougad (cell, CE)

\He9neEg1991nansainaINesINgy Penicillium sp. (SPSF318) Hgmisdnuioulas]
Inls@wans Feludagdunmsfnyiiemansanaiiignanatunisinueulesifnaniden Trmilaein
uoNINUUFIDE19INdIUTRIANTAATY ethyl acetate Wouwaa (SPSF318CE) 631 qnaNAlunIs
£ (% £ [ a 1 '3 < 4 (% gj oy = [l
Aunsonay wazgrsanuduiivsowaduzdusiuy Gy Penicillium sp. (SPSF318) Fsunaula
TunsihudsaiuUsuna wisldlunisienansdifgyieangns (active compound) sialy

uananiudsiansiegnaiiiauledn 2 feg1s Mo SPSF224BE uay SPSF224CE
dHosndiqrisuoulesiuoarnglefinadid uazdogsisaadldnndaieatu fe Penicillium sp.
(SPSF228)  uazshetreiiaesdaflgrsiimunmsdumsdniay Taglidufviumedilivasaoy
uana iy SPSF224CE Saflgusmnuufivdeivadussasununans Tngliduiviowad Und
sathu Penicillium sp. (SPSF224) Faludnuitsfregreiivnanle lumsthundeaiudiune ieldly
mmsmmiﬁwﬁ’zyﬁaaﬂqwé (active compound) faly

wszaztulunsAneassilisaansanvansananiiaula 39ne Penicillium sp. 2
=

' '3
(% I a

¥l Aa SPSF318 war SPSF224 fasinlUdeaiinusuna ieldlunisuenaisdrdgiosngns

o

(active compounds) nstannwlu arnusialy

Weun SPSF318 adlgvseueulwillnls@iuand waz SPSF224 Fullgudsnueules
weavinglaging 717 deiuunviingdunsd lngld Molecular method wudn SPSF318 Wueswila
Aspersillus flavus @Sy SPSF224 [Wuieswiia Penicillium maximae

Iumiﬁﬂ‘wﬂmﬁﬂ%ﬂ@uw}ﬁLﬂﬁLLaqué%’m%’m’]W“UENL%@i’] SPSF318  (Aspergillus
flavus) Tagsjaiunsmaaougrddueuluiivlstiua Sufensuonansadmdu 5 via ldun ans
atPTule a0 AT AENTDT (BE), ANTAR AT (BW), ansafmTuLeiaesd
wrnduledes (CB), asafatueneunndulelen (CH) wzansatatusmueanndule
Fos1 (CM) ansad BE uay BW Sgvdlunissudueulesilvlsduealuwadualulevivia Bl6FL
othailfedndy Teenusoannszuaumsdaanesiwaniuld  wenaniuainmisnugrisiugadn
wui1 BE, CE uay BW Sevidsuiouuafieunsuuan Téun Staphylococcus aureus, Methicillin-
resistant S. aureus (MRSA) wag S. epidermidis waziukuaiilsaunsiay oA Pseudomonas
aeruginosa Wag Escherichia coli

MnMsAnwesdUsEneumaall aunsousna1suiavsld 4 wia léun kojic acid,
ditryptophenaline Wag 2,3,5-trihydroxybenzamide Fauenldain BE waz CE diuans diglycerol
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wenléann CM &aans 2,3,5-trihydroxybenzamide (CE2) uaz diglycerol Sliiineisiaauansiiuen
Ifandeswded fuuniddedsadunemiddowsnlunsmenumsnuassinariudeseind
LarnMsANEgEsIETinmaesansiuenld wuin kojic acid Sevstudueuludinlsdiua 77 lne
A1 1Cso WNAY 8.73 pg/ml

TunsAnwesiuszneumaniiuasgrsmaiinmuesdes  SPSF224  (Penicillium
maximae) Tnssjmaaeugrimstiudaeuluiuoarngladinavesasatnainidesdingn Tnedy
Mnmswieuasataidy 5 via nanfe duefinesBianvesvad (CE) tuefinozdiamvonindes
oy (BE) fuisniuvensad (CH) dummusavessad (CM) uazduhvesiudeadon Gw) o
Fomanuasnauunuiuuazdaniaesd  WenSsuifleunavesasadadion SPSF224  siaieia
wulh CE fiussAvsnmifigelunisiineyyadaszsed® DPPH fimnududu 200 lalasniuse
faddns Taefdnfovay 31.25:589 uariiUSuamsnguilludauazansnguianliusesgedigae
8.89+0.40 fladnsuunadauedadenfinihminuiues 7.73£0.19 fadnsuenodfiudensuminus
AUAAY

wansAnyIgVENeEdnemui  CH  Slquiifislunistiuduevlesiveaninglading
Tnedenududuiisudidesas 50 wihiu 490 lilasniusiediadans luvasi BE Sevddudsns
Lﬁ]’%zysuaw?jya Staphylococcus aureus

nsAnweAUsEnauMuAlives CH fmedduialasunlnins il waaaaalnsiines
WUIIIES n-hexadecanoic acid, 2,6-dimethyl-N-(2-methyl-alpha-phenylbenzyl) aniline uaz
3beta-acetoxy-6-nitroandrost-5-en-17-one  (Judinuseneundnvasansana YonantansA
‘U%Ej'vfé PM1 Fauenléann BE wuind 3-(1-methylbutyl)-1,2,4-cyclopentanetrione Wag suberic
dihydrazide \udiutsznoundn sansiauiqns PM1 flenududu 2 Sednfudefiaddns Jovd
fuduouleiuoaninglafinaldd fefesay 91.83+1.59 wavansheuiavs PM2 Fsanunsauenldann
CE wuidimnandululinesdumsnaueniusvosualsiiuosdazansdngulnddu ogslsfnmm

AT ldunmsfnwusnifeatunisfinerssdusznoumanll  Lavgnin1aTineves
ansainniest P. maximae @wsdanuinlaamnsaldidudoyadneds lunshumemieans
AukUUIINGesT Wedldiaundugvsendadausiauanlunisquagtieiumnusely

lagazluenanwesisdesininunfnyiasdusenaumaad WALNTNIATININ
1 -«-&J PN (% (% a v @ | d’lj A < = aa (% 5 r-:qu a o | =
Uil Nunngdamrdnusisnadaluunaainnsmnuiioitgnen1etin1nie  daunundena el
anuthaulafaglafuwvasdnenieatuaisainsssud  Iesewignismansindfaansaiian
[ < 4 [ 1 1
W ndug1suluy (lead compound) Tunissnunlspnisgsaly

puassaddnlunsfnwansinnguidesndo  msfansatnuinatosiusiosdoada
inaannudafiony vlissaudagmiluniswen feduaansoutdamidlnensidesSuaanng
delilfasatniusunounenansuiavslutimadiiomelunsuenludiudngly auldasudand
vizensldiasesdiefiviuatslunisuenansusuaies s Tuewan
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ABSTRACT

Tyrosinase is the most important enzyme that can approach towards controlling melanin
production for hyperpigmentation treatment. The 104 samples were extracted from 54 fungi which
were isolated from organic soil at Sirindhorn peat swamp forest, Narathiwat province, Thailand. They
were screened on tyrosinase inhibition. From the results, four samples as SPSF318BE, SPSFO11BE,
SPSF318CE and SPSF045BE showed the potent tyrosinase inhibitory activity with more than
50% at 20 pg/ml. Their tyrosinase inhibitions were 78.8312.72%, 75.80£2.65%, 72.45%3.55% and
58.0411.46%, respectively. While positive controls as the water extract of _Artocarpus lakoocha wood
and kojic acid could inhibit this enzyme with 94.26+0.65% and 80.1810.84%, respectively. The most
active sample was selected for further study, the fungus SPSF318 was identified by using molecular
method as Aspergillus flavus. The crude extracts of A. flavus were evaluated for inhibition of cellular
tyrosinase, melanin synthesis on B16F1 melanoma cells, pigmentation inhibitory effects on zebrafish,
antioxidant and anti-microbial activities against Staphylococcus anrens, methicillin-resistant Staphylococens
anreus IMRSA), Staphylococcus epidermidis, Pseudomonas aeruginosa and Escherichia coli. In addition, A. flavus
has to further study of chemical constituents in order to figure out the active compound which
might be the lead compound for whitening agent. Therefore, isolated soil fungi in this area could be
considered as good sources of various bioactive natural products, especially, to identify new inhibitor
with drug-like properties on tyrosinase enzyme activity.

Keywords: fungal extracts, biological activities, anti-tyrosinase activity, Aspergillus flavus, Sirindhorn

Peat Swamp Forest

1. INTRODUCTION

Human skin color occurs from the epidermis ~ in protecting the skin against harmful effects
where the pigment producing cells, melanocytes, from ultraviolet (UV) and oxidative stress from
produce melanin [1]. Melanin plays a crucial role various environmental pollutants [2]. However, the
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accumulation of melanin in keratinocyte due to
the overexpression of tyrosinase leads to various
dermatological disorders such as melasma, age
spots, and sites of actinic damage [3]. Fungi are
universal sources of various bioactive metabolites.
A number of these fungal metabolites have found
significant commercial medicinal success, such as
penicillin, cyclosporine, and lovastatin [4-5]. Duting
recent years, many new secondary metabolites
have been reported, and several compounds
exhibited interesting biological activities such
as anti-bacterial, anti-malarial, anti-oxidant, and
anti-proliferation against NCI-H187 and KB
cells, COX-2 inhibitory, cytotoxic against HL.-60,
BEL-7402 and A-549 cell lines, and HMG-CoA
reductase inhibitory activities [6-7]. In addition,
many tyrosinase inhibitors were isolated from fungi
for example kojic acid. This compound could be
produced by species of Penicillinm and Aspergillus
[8]. 6B-Hydroxytibolone and 108-hydroxy-4-
tibolone were isolated from Rhizopus stolonifer
while paecilomycones A, B and C were isolated
trom Paecilomyces gunnii [9]. Thus, to seek the
anti-tyrosinase inhibitor from fungi is interesting
to provide a new source of active compounds
from nature to treat pigmentation disorder. This
study was initiated to screen the anti-tyrosinase,
anti-inflammatory, and cytotoxic activity against
human breast adenocarcinoma, human gingival
fibroblasts cells and anti-acetylcholinesterase of
104 crude extracts from fifty-four isolate cultures
which classified into two genera based on their
morphology. The crude extracts which showed
potential effects were selected for further study in
B16F1 melanoma cells, intracellular anti-tyrosinase
activity and melanin content. In addition, their
pigmentation inhibitory effects on zebrafish
were studied.

2. MATERIALS AND METHODS
2.1 Fungal Material

Soil fungi were isolated from Sirindhorn peat
swamp forest’s organic soil in Narathiwat Province,
Thailand. The genus of these fungi was identified
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by morphological characteristics and deposited
at the Department of Microbiology, Faculty
of Science, Prince of Songkla University. The
most effective sample on anti-tyrosinase activity
screening tests was further identified the species
by molecular method appertaining to an analysis
of their ITS sequences by BIOTEC, Thailand.

2.2 Culture Conditions and Extractions

The soil fungi were cultured on potato dextrose
agar incubated at 25 °C for 5 days. Five pieces of
mycelial agar plugs were inoculated into flasks that
contained 250 ml potato dextrose broth (PDB;
per liter involved potato water, 200 ml, distilled
water, 800 ml, and glucose, 20 g) incubated for
3 weeks. Broth media were filtered to divide the
broth media and mycelia cell and most of them
were extracted with ethyl acetate [Table 1]. All
broth media from selected fungus were extracted
with ethyl acetate and were divided into two parts
which were broth ethyl acetate (BE) and broth
water (BW) after evaporation until they were dried
using a rotary evaporator. The mycelia cells were
macerated with methanol for two days, after that
the methanol layer was partition with hexane to
obtained hexane extract (CH). Then the remaining
methanol layer after discharged the hexane part
was further partition with ethyl acetate to obtain
two extracts as methanol extract (CM) and ethyl
acetate extract (CE). Finally, all extracts were
evaporated until dried and were kept at 4°C until
examination.

2.3 Biological Activity Assays
2.3.1Determination of tyrosinase inhibition
and melanin content
2.3.1.1 Extracellular experiment: anti-tyrosinase
activity

The anti-tyrosinase activity was evaluated
according to Dej-adisai ez 2/ 2014 [10] using the
dopachrome method with L-Dopa as a substrate.
All samples were dissolved in dimethyl sulfoxide
(DMSO). The reaction mixture (200 pl) contained
with 140 pl of phosphate buffer (20 mM, pH 6.8),
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Table 1. Tyrosinase inhibitory activity at concentration 20 pg/ml of fungal extracts from Sirindhorn

Peat Swamp Forest Nature Research and Study Center Narathiwat province, Thailand.

Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological +SD
number characteristics at concentration 20 pg/ml
1. SPSF001 SPSFO01BE Trichoderma sp. 9.23%2.81
2. SPSF002 SPSFO02BE Unidentified species 41.421%3.61
3. SPSF003 SPSFO03BE Aspergillus sp. -2.80%3.44
4. SPSF004 SPSF004BE Unidentified species 13.57£4.95
5. SPSF005 SPSFO05BE Aspergillus sp. 7.00£6.84
6. SPSF006 SPSFO06BE Unidentified species 8.41+8.41
7. SPSF007 SPSFO07BE Gongronella sp. 2.95£3.24
8. SPSF008 SPSFOO8BE Gongronella sp. -2.9945.53
9 SPSF009 SPSFO09BE Aspergillus sp. 45.91%7.53
10. SPSF010 SPSFO10BE Trichoderma sp. 30.14+2.16
11. SPSFO011 SPSF011BE Penicillium sp. 75.80%2.65
12. SPSF012 SPSF012BE Trichoderma sp. 5.86£6.54
13. SPSF013 SPSF013BE Trichoderma sp. 11.64%1.62
14. SPSF028 SPSF028BE Penicillinm sp. -2.21£6.37
15. SPSF029 SPSF029BE Penicillinm sp. 5.5£4.50
16. SPSF030 SPSF030BE Penicillinm sp. 10.00£3.96
17. SPSF031 SPSF031BE Penicillinm sp. 15.04%5.29
18. SPSF032 SPSF032BE Penicillinm sp. 13.65%1.57
19. SPSF033 SPSF033BE Penicillinm sp. 5.64%4.71
20 SPSF034 SPSF034BE Penicillinm sp. 3.50£1.26
21. SPSF035 SPSF035BE Penicillinm sp. -4.26£3.93
22 SPSF037 SPSF037BE Penicillinm sp. -18.95£2.99
23. SPSF038 SPSF038BE Penicillinm sp. 23.12+4.82
24. SPSF039 SPSF039BE Penicillinm sp. 5.5%4.60
25. SPSF040 SPSF040BE Penicillinm sp. -13.86%4.03
26. SPSF042 SPSF042BE Penicillinm sp. 24.47+1.91
27. SPSF043 SPSF043BE Penicillinm sp. 24.4912.73
28. SPSF044 SPSF044BE Penicillinm sp. 18.04%2.63
29. SPSF045 SPSF045BE Penicillium sp. 58.04%1.46
30. SPSF046 SPSF046BE Penicillinm sp. 14.65£1.78
31. SPSF047 SPSF047BE Penicillinm sp. 14.94+2.83
32. SPSF048 SPSF048CE Penicillinm sp. 5.05+0.22

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological + SD
number characteristics at concentration 20 pg/ml

33. SPSF049 SPSF049BW Penicillium sp. 4.51£2.35
34. SPSF051 SPSF051BW Penicillium sp. 6.241+3.40
35. SPSF206 SPSF206CM Penicillium sp. 10.48%+4.53
36. SPSF206 SPSF206BE Penicillinm sp. 27.18%2.53
37. SPSF208 SPSF208BE Aspergillus sp. 7.3914.50
38. SPSF208 SPSF208CE Aspergillus sp. -3.78+2.84
39. SPSF208 SPSF208CH Aspergillus sp. -3.25+3.56
40. SPSF209 SPSF209CE Penicillinm sp. -13.64%1.26
41. SPSF209 SPSF209BE Penicilliun sp. 6.51£1.71
42. SPSF209 SPSF209BW Penicillinm sp. -24.20£1.87
43. SPSF211 SPSF211CE Penicilliunm sp. 5.62%3.89
44. SPSF211 SPSF211BE Penicilliun sp. 6.4512.87
45. SPSF213 SPSF213BE Penicilliunm sp. 22.09%3.88
46. SPSF219 SPSF219BE Penicillinm sp. -32.06%2.45
47. SPSF221 SPSF221CE Penicilliun sp. 18.95+5.54
48. SPSF221 SPSF221CH Penicillium sp. 30.18£3.91
49. SPSF221 SPSF221BE Penicillinm sp. 22.19%3.03
50. SPSF224 SPSF224BE Penicillinm sp. 22.17£1.54
51. SPSF224 SPSF224CE Penicillinm sp. -3.75+1.68
52. SPSF225 SPSF225CE Penicillinm sp. 19.55%+1.45
53. SPSF225 SPSF225BE Penicillinm sp. 8.10x4.19
54. SPSF226 SPSF226BE Penicillinm sp. 0.46£4.19
55. SPSF226 SPSF226CE Penicillinm sp. 4.10£1.13
56. SPSF226 SPSF226CH Penicillinm sp. 30.88£1.27
57. SPSF227 SPSF227BE Penicillinm sp. 11.61£2.77
58. SPSF227 SPSF227CE Penicillinm sp. 5.07£1.52
59. SPSF227 SPSF227BW Penicillinm sp. -7.96£1.62
60. SPSF243 SPSF234CE Penicillinm sp. 8.10£4.19
61. SPSF234 SPSF234BE Penicillinm sp. -1.22+3.08
62. SPSF234 SPSF234BW Penicillinm sp. -47.5612.36
03. SPSF236 SPSF236BE Penicillinm sp. 24.43%5.01
64 SPSF236 SPSF236CE Penicillinm sp. 11.55%1.39
05. SPSF238 SPSF238CE Penicillinm sp. 1.11£0.89

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological + SD
number characteristics at concentration 20 pg/ml

66. SPSF240 SPSF240BE Penicillinm sp. 36.6311.88
67. SPSF240 SPSF240CE Penicillinm sp. 17.83+4.89
68. SPSF240 SPSF240CH Penicillinm sp. 11.70+3.53
69. SPSF241 SPSF241BE Penicillinm sp. -2.47+1.79
70. SPSF244 SPSF244CE Penicillinm sp. 13.92+4.20
71. SPSF244 SPSF244BE Penicillinm sp. 12.51+1.55
72. SPSF248 SPSF248CH Penicillinm sp. 17.78 £4.13
73. SPSF248 SPSF248CE Penicillinm sp. 6.23£3.60
74. SPSF248 SPSEF248BE Penicillinm sp. 4.15+2.98
75 SPSF250 SPSEF250BE Penicillinm sp. -4.19+2.30
76. SPSF304 SPSF304BE Penicillinm sp. 22.76+2.35
77. SPSF304 SPSF304CH Penicillinm sp. -9.09£1.49
78. SPSF304 SPSF304BW Penicillinm sp. -3.05%1.46
79. SPSF310 SPSF310BE Penicillinm sp. 0.291+3.10
80. SPSF310 SPSF310CE Penicillinm sp. 4.5712.92
81. SPSF310 SPSF310BW Penicillinm sp. 10.21£1.15
82. SPSEF312 SPSF312BE Penicillinm sp. 35.05%+2.55
83. SPSF312 SPSF312CE Penicillinm sp. -22.36%3.58
84. SPSF318 SPSF318BE Aspergillus sp. 78.83+2.72
85. SPSF318 SPSF318CE Aspergillus sp. 72.45+3.55
86. SPSF325 SPSF325BE Penicillinm sp. 26.81+4.71
87. SPSF325 SPSF325CE Penicillinm sp. 7.31£3.17
88. SPSF325 SPSF325CH Penicillinm sp. 0.06+4.45
89. SPSF328 SPSF328BE Penicillinm sp. 27.41£3.50
90. SPSF329 SPSE329BE Penicillinm sp. 12.26+3.79
91. SPSF329 SPSFE329CE Penicillinm sp. 5.28%1.96
92. SPSF329 SPSF329CH Penicillinm sp. 2.0214.68
93. SPSF330 SPSF330BE Aspergillus sp. 16.57+4.92
94. SPSF330 SPSF330CE Aspergillus sp. 3.29+2.62
95. SPSF339 SPSF339BE Penicillinm sp. 9.96+2.36
96. SPSF339 SPSF339CE Penicillinm sp. 2.90£1.79
97. SPSF339 SPSF339BW Penicillinm sp. 4.58%2.58
98. SPSF347 SPSE347BE Penicillinm sp. -1.02£4.21

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological +SD
number characteristics at concentration 20 pg/ml
99. SPSF358 SPSF358BW Penicillium sp. 6.21+0.95
100. SPSF358 SPSF358BE Penicillinm sp. -5.49+1.99
101. SPSF358 SPSF358CE Penicillinm sp. 1.55%0.82
102. SPSF360 SPSF360BE Aspergillus sp. 31.11£2.97
103. SPSF360 SPSF360CH Aspergillus sp. 24.38%1.71
104. SPSF360 SPSF360BW Aspergillus sp. -34.93£2.96
Std. - A. lakoocha Positive standard 80.18 £ 0.84
Std. - Kojic acid Positive standard 94.26 £ 0.65

*  BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.

20 wl of 20 pg/ml fungal extract solution, 20 pl
of tyrosinase solution (Sigma-Aldrich, Germany;
203.30 units/ml) and 20 pl of L-Dopa solution
(0.85 mM). After the addition of L.-Dopa, the
reaction was immediately monitored at 492 nm
by microplate reader for dopachrome formation
in the reaction. Kojic acid (Fluka, Sigma-Aldrich,
Germany) and water extract of Artocarpus lakoocha
wood were utilized as an anti-tyrosinase standards
for comparison.

2.3.1.2 Cell culture experiments

B16F1 murine melanoma cells were cultured
in DMEM with 10% w/v fetal bovine serum in a
humidified atmosphere containing 5% CO, in air
at 37°C. When cells obtained 70-80% confluence,
cell viability, cellular tyrosinase activity and melanin

content were measured [11-13].

2.3.1.2.1 Determination of cell viability

Cell viability was evaluated by sulforhodamine
B (SRB) assay [14-15] with slight modification.
The B16F1 melanoma cells (5 X 10” cells/well)
were seeded in a 96-well plate for 24 h. On the
next day, the cells were treated with test samples.
After 48 h incubation, cells were fixed with 10%
trichloroacetic acid and kept at 4°C. After 1 h., cells

were stained with 0.45% SRB. Then, 10 mM Tris
base was added onto the strained cells, and after
that the SRB color was dissolved by shaking. The
absorbance was determined at 492 nm. DMSO
0.5% was used as a negative control in this study.

2.3.1.2.2 Intracellular anti-tyrosinase activity
and melanin content assays

B16F1 melanoma cells were seeded in
12 well plates (3 X 10’ cells/well) and incubated
at 37°C for 12 h. Then, cells were treated with test
samples, after 48 h incubation, cells were lysed
with radioimmunoprecipitation assay buffer (RIPA
buffer) and centrifuged 14,000 rpm for 20 min
(4°C) to separate the supernatant.

Intracellular anti-tyrosinase activity

Cellular tyrosinase activity was determined by
the Bradford method using bovine serum albumin
as standard. The supernatant of lysate cells and
2 mg/ml L-Dopa in phosphate-buffered saline
were added to 96-well plate. The mixture was
incubated at 25°C for 1 h, and the absorbance
was measured at 492 nm.

Melanin content
Cells were dissolved with 1 M NaOH and
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incubated at 55°C for 1 h. and the absotbance
was determined at 475 nm using microplate
reader. Anti-melanin activity was expressed by the
percentage of melanin content in crude extracts
to that of untreated melanoma cells. Arbutin and
kojic acid, a widely used whitening agent, were
used as references.

2.3.1.3 In vivo study: Pigmentation inhibitory
activity on zebrafish

Zebrafish was used to evaluate the
pigmentation inhibitory effect. Briefly, embryos at
9 h postfertilization (hpf) were collected in 96-well
plates, 20 embryos/well, filled with 0.03% sea salt
solution 100 pl/well and each sample solution.
25 uM 1-phenyl-2-thiourea (PTU) was used as
a positive control. Phenotype-based evaluations
of body pigmentation were carried out at 72 hpf,
after embryos hatched, the larvae were put on
glass slides and embedded using 2% low melting
agarose. The dorsal view of the zebrafish fry was
photographed, and the size of black spots in the
head-dorsal region at 81 hpf was measured [16-17].

2.3.2 Anti-microbial assay

The agar disc diffusion method was used to
determine the anti-microbial activity [18-19]. The
samples were dissolved in DMSO and diluted to
achieve a concentration of 200 mg/mlL (2 mg/
disc). The positive controls (antibiotics) included
oxacillin (1 ug/disc) for testing of Staphylococcus anrens,
Staphylococcus epidermidis and Propionibacterium acnes,
notrfloxacin (10 ug/disc) for Pseudomonas aernginosa,
vancomycin (30 pg/disc) for methicillin-resistant
Staphylococens anrens (MRSA), amphotericin B (25
pg/disc) for Candida albicans and ketoconazole
(25 pg/disc) for testing of Trichophyton rubrum and
Trichaphyton mentagrophytes and Microsporum gypseun.

2.3.3 Antioxidant activity (DPPH radical
scavenging assay)

DPPH is a consistent free radical which has
a blue color that could measure the absorbance
at 515 nm. In the presence of antioxidant, it was
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reduced to diphenyl-8-picrylhydrazine which is
yellow in color. The DPPH radical scavenging
assay estimates the capability of samples to donate
hydrogen or scavenge free radicals by evaluating
the absorption change spectrophotometrically
[20-21]. 2 ml of stock solution was added into
a vial, mixed well with 2 ml of 6x10° M DPPH
and incubated for 20 min. 2 ml of stock solution
and ethanol were mixed and used as blank. 2 ml
of 6x10° M DPPH and ethanol were mixed and
used as control. Measurement of absorbance at
520 nm using UV-vis spectrophotometers and the
percentage of antioxidant activity was calculated
by following equation 1:

% inhibition = | OD blank — OD control

X 100

OD blank

Equation 1

2.4 Determination of Chemical Contents
2.4.1Determination of total phenolic content

Total phenolic content was evaluated using
Folin-Ciocalteau method with some modifications
[22]. The different concentrations of gallic acid
(4 - 80 pg/ml) were used to provide the standard
curve. 100 pl of each sample concentration was
added into the vial. Then it was oxidized with
500 pl Folin-Ciocalteu reagent, and incubated
for 3 minutes. The reaction was started by adding
sodium carbonate (400 ul, 75 g/1) and the mixture
was incubated in the datk at room temperature
for 30 min until it was measured the absorbance
at 765 nm. Total phenolic content was expressed
as gallic acid equivalent (GAE)/g dry weight of
sample by extrapolation of the gallic acid standard
curve. The total phenolic content (mg/g) could
be calculated by the following equation 2:

T =C X DF x (V/W)
Equation 2

T :Total phenolic content (mg/g)
C : The concentration of sample by
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extrapolation from the gallic acid standard
curve (ug/ml).

DF : Dilution factor (50)

V' : Volume of the extract solution (ul)
W : Weight of sample (mg)

2.4.2 Determination of total flavonoid content

Total flavonoid was evaluated by Aluminum
Chloride Colorimetric method [23]. 5 mg of
quercetin was dissolved in 80 % ethanol and
then diluted to 20, 40, 50, 80 and 100 ug/ml. The
diluted standard solutions 500 pl were separately
mixed with 1,500 ul of 95 % ethanol, 100 ul of
10% aluminum chloride, 100 pl of 1M potassium
acetate and 2,800 ul of distilled water. After 30
minutes, the absorbance was measured at 415
nm against a blank. The total flavonoid content
was evaluated by using a standard curve from
quercetin (20 - 100 pg/ml). The results showed
in mg quercetin equivalent (QE)/g dry weight
of sample.

3. RESULTS AND DISCUSSION
3.1 Bioactivities of Soil Fungal Extracts

104 crude extracts from 54 fungi, consisting
of Penicillium sp. (38 isolates), Aspergillus sp.
(7 isolates), Trichoderma sp. (4 isolates), Gongronella
sp. (21isolates) and unidentified species (3 isolates)
of fungi were screened on tyrosianse inhibition.
From the results, four samples as SPSF318BE,
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SPSF011BE, SPSF318CE and SPSF045BE showed
the potent tyrosinase inhibition with more than
50% at 20 pg/ml. Their tyrosinase inhibitions
were as 78.83%2.72%, 75.8012.65%, 72.45£3.55%
and 58.041+1.46%, respectively. The ethyl acetate
extracts from broth (BE) and mycelia (CE) of
isolate SPSF318 displayed strong anti-tyrosinase
activity (as shown in Table 1). Thus, the crude
extracts of SPSF318 were selected for further study
on biological activities for anti-hyperpigmentation
by determination of tyrosinase inhibition and
melanin content via iz vitro and #n vive studies.

3.2 Identification of the Selected Fungus

The fungus SPSF318 was isolated in pure
culture from organic soil. The colony was green,
granular, velvety, and had a white peripheral
apron. The microscopic observation of the isolate
revealed unbranched conidiophores arising from
foot cells. The conidiophores were enlarged at the
tip forming vesicle, and the vesicle was completely
covered with phialides [Figure 1]. Based on these
motphological and microscopic observations such
as the color and margin of the colonies, structure
of hyphae, and conidiophores, the isolate SPSF318
was as species of Aspergillus.

The fungus SPSF 318 was further identified
based on an analysis of their ITS sequences by
BIOTEC, Thailand. The genomic DNA was
extracted from mycelia and sequencing of the

Figure 1. Morphological characteristics of the selected fungus, SFSF318, on PDA (A. Dorsal view,

B. Ventral view, C. Microscopic characteristics).
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ACCTGCGGAAGGATCATTACCGAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTG
CTTCGGCGGGCCCGCCATTCGTGGCCGCCGGGGGCTCTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCT
GTCTGATCTAGTGAAGTCTGAGTTGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCAT
CGATGAAGAACGCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACAT
TGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTC
GTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTG
TCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAATCAATCTTTTTCCAGGTTGACCTCGGATCAGGTAGG

GATACCCGCTGAACTTAAGCATATCAATAAG

Figure 2. Nucleotide region of ITS rDNA; Nucleotide sequence (5’ -> 3’) of SPSF318.

Table 2. Tyrosinase inhibitory activity of SPSF318 crude extracts at 20 pg/ml.

No. Crude extracts Sample code % Tyrosinase inhibition £ SD
1. Broth ethyl acetate BE 78.83 £ 2.72
2. Broth water BW 48.33 £ 2.32
3. Cell ethyl acetate CE 72.45 £ 3.55
4. Cell hexane CH -11.98 £ 1.23
5. Cell methanol CM -9.10 £ 1.28
Std. A. lakoocha Positive standard 80.18 £ 0.84
Std. Kojic acid Positive standard 94.26 £ 0.65

tDNA ITS fragment, it showed 100 % similarity
with the members of the genus Aspergil/us. The
nucleotide sequence data of SPSF318 [Figure 2],
belongs to Aspergillus flavus .

3.3 Anti-tyrosinase Activity of SPSF318 Crude
Extracts

Inhibitory effects of five crude extracts; BE,
CE, CH, CM and BW on mushroom tyrosinase
activity is illustrated in Table 2. Ata concentration
of 20 pg/ml, BE could inhibit tyrosinase enzyme
as 78.83 & 2.72% while the positive controls, kojic
acid and water extract of Artocarpus lakoochawood,
could inhibit this enzyme with 80.18 * 0.84% and
94.26 * 0.65%, respectively.

3.4 Cytotoxicity Effect of SPSF318 Crude
Extracts

The cell viability was determined by SRB
assay. The results showed that BE, BW and CM
crude extracts of A. flavus were not considered

cytotoxic after incubation of pigmented B1611
melanoma cells. More than 80% of the cells were
still viable at a dose 200 pg/ml. While CE and CH
cell viability was more than 80% at concentrations
of 50 pg/ml. At the same time, viable cells were
decreased at 0.50% of DMSO which was used

as a negative control.

3.5 Intracellular Anti-tyrosinase Activity and
Melanin Content

The inhibitory effect of crude extracts was
evaluated at nontoxic doses; 200 pg/ml excluding
CE and CH were prepated at 50 pg/ml. After
the incubation of pigmented melanoma B16F1
cells with all sample extracts, the supernatant
was measured anti-tyrosinase activity. The results
showed that the extracts from SPSF318 exhibited
the significant reduction in cellular tyrosinase
activity; furthermore, CH at 50 pg/ml showed
tyrosinase inhibition as 52.15 = 1.88 % while
BE showed 66.18 £ 1.35% at 200 pg/ml. The
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inhibition of tyrosinase enzyme led to a reduction
in the number of melanin content as the results
showed when they were compared with control
that was without tyrosinase inhibition [Figure 3].

3.6 Pigmentation Inhibitory Activity on
Zebrafish

Depigmentation effect of crude extracts from
SPSF318 was observed on zebrafish embryos by
measuring the size of the black spots. The results
showed that at a concentration of 200 pg/ml
crude extracts appeared significantly reduced
pigmentation comparing with the untreated group
[Figure 4a-4b] except CE and CH which showed
toxicity to zebrafish embryos by the detection
of coagulation of fertilize eggs, lack of somite
formation, lack of detachment of the tail, and
lack of heartbeat.

3.7 Anti-microbial Activity
Five crude extracts from SPSF318 were
evaluated for their anti-microbial activity. The
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results found that BE, CE and BW had anti-bacterial
effect against gram-positive bacteria as shown in
Table 3. The BE showed strong inhibitory effect
against S. aurens, MRSA, S. epidermidis, P. aeruginosa
and E. co/f with inhibition zone 13.75 £ 0.70, 10.85
+ 2.00, 15.10 £ 0.74, 18.50 = 0.10 and 14.65 £
0.29 mm, respectively.

3.8 Antioxidant Activity

All five crude extracts showed some degree
of antioxidant activity [Table 4]. The percentages
of DPPH radical scavenging effect of each sample
ranged from 2.40 % to 97.30 %. The BW showed
the highest scavenging effect (97.30 %), followed
by BE, CE, CH, and CM, respectively.

3.9 Chemical Contents
3.9.1 Total phenolic content

In this study, total phenolic content in SPSF318
crude extracts was evaluated by the Folin-Ciocalteu
procedure, quantified using a standard curve of
gallic acid. Total phenolic content of SPSF318

*
*
*

% %k %k %k
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Figure 3. The effects of SPSF318 crude extracts on intracellular anti-tyrosinase activity and melanin

content on B16F1 melanoma cells. BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract;
CH = Cell hexane extract; CM = Cell methanol extract; BW = Broth water extract. Arbutin and Kojic

acid = positive controls.

Data were expressed as mean T standard deviation from three independent experiments. *P < 0.05,
*P < 0.01 and **P < 0.001 compared to the untreated control.
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Figure 4. Pigmentation inhibitory effects on Zebrafish.

a. PTU (phenylthiourea) was used as positive control. Crude extracts from SPSF318: BE = Broth
ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol
extract; BW = Broth water extract. Data are expressed as mean T standard deviation from three
independent experiments. *P < 0.05, **P < 0.01 and ***P < 0.001 indicate a significant difference
from the control group

b. Effect of melanogenic inhibitors on pigmentation in zebrafish embryos. Zebrafish pigmentation
was evaluated using a microscope. (A) = A control group; untreated zebrafish embryos; (B) = PTU
(phenylthiourea) as a positive control; (C, D, and E) = BE, CM and BW extracts of SPSF318; respectively.
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Table 3. Anti-microbial activity of SPSF318 crude extracts at 2 mg/disc by agar disc diffusion method.

Inhibition zone (mm)

Microbes

S;jﬁ‘g‘gid BE BW CE cH ™M

Gram positive bacteria

S. anrens 23.0510.85 13.75£0.70 13.50£0.85 8.4510.86 - -
MRSA 22.3510.40 10.85£2.00 11.8511.48 10.65£0.90 - -

S. epidermidis 22.3510.40 15.10£0.74 14.60£1.08 - - 11.55£0.98
P, acnes 38.80%0.35 - 9.40£0.60 - - -
Gram negative bacteria

P. aernginosa 29.55+0.40 18.50£0.10 - 8.30%0.75 - -

E. coli 23.30%0.45 14.65£0.29 19.20£0.10 8.15%0.75 - -

* Standard drugs: Norfloxacin for P. aeruginosa and E. coli, concentration 10 pg/disc. Oxacillin for S. anreus, S. epidermidis and
P. aenes, concentration 1 pg/disc. Vancomycin for MRSA, concentration 30 pug/disc. BE = Broth ethyl acetate extract; BW
= Broth water extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.

Table 4. DPPH radical scavenging activity of SPSF318 crude extracts.

No. Sample Scavenging effect (%) at 100 pg/ml
1. BE 35.28%3.65
2 BW 97.37+1.88
3. CE 28.45£5.92
4 CH 6.47£3.61
5 CM 2.40114.65
Positive standard Ascorbic acid 116.14 £ 0.76

BE = Broth ethyl acetate extract; BW = Broth water extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM

= Cell methanol extract.

crude extracts was shown in Figure 5 which
ranged from 508.46mg GAE/g to 12.88 mg
GAE/g. The maximum value of total phenolic
content was observed to be 508.46mg GAE/g
of broth ethyl acetate (BE) and minimum value
was demonstrated in the methanol extract of cell

(CM) as 12.88mg GAE/g

3.9.2 Total flavonoid content

In this study, total flavonoid content was
quantified by the aluminum chloride colorimetric
assay; the total flavonoid content of the extracts
was calculated using a quercetin standard curve.

The flavonoid content of BW was observed to
be highest, that is 23.40 mg QE/g [Figure 0]
whereas the flavonoid content in CE, CM, CH
and BE was 17.44 £ 1.18,16.62 £ 1.00, 10.53 *+
1.26, and 4.73 £ 0.84, respectively.

Since, crude extracts of A. flavus SPSF318
showed the potent tyrosinase inhibitory activity
against tyrosinase enzyme both enzymatic and
cellular assays. They also exhibited the inhibition
of melanin synthesis on B16F1 melanoma cells.
Incidentally, they also significantly reduced
pigmentation on zebrafish. Aspergilus sp. is the
fungal genus of greatest interesting for study
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Figure 5. Total phenolic content (mg GAE/g) of five crude extracts from SPSF318.
BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract;
CM = Cell methanol extract; BW = Broth water extract.
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Figure 6.Total flavonoids content (mg QE/g) of five crude extracts from SPSF318.
BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract;
CM = Cell methanol extract; BW = Broth water extract.
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on biological activities, especially anti-tyrosinase
activity because the members of this family have
long been known to produce phenolic compounds
of various structural types [15]. Since various
reports have shown a close relationship between
anti-tyrosinase activity and total phenolic content
[24] then Aspergillus sp. will the good choice for
further study in order to figure out the active
compound to be the anti-hyperpigment agent.

4. CONCLUSIONS

A total of 104 crude extracts from 54 fungi,
consisting of Penicillium sp., Aspergillus sp.,
Trichoderma sp., Gongronella sp. and unidentified
fungal species were evaluated the biological activity
on tyrosinase inhibition. The most active sample
as SPSF318 was selected for further study. Then,
the SPSF318 was identified by molecular method
as Aspergillus flavus. A. flavus extracts showed high
potential activity against tyrosinase enzyme on both
intracellular and extracellular enzymatic assays by
significantly reduced pigmentation on zebrafish.
Furthermore, they showed moderate potential
effect on antioxidant and antibacterial activities.
Thus, A. flavus is potential fungus for further
study of chemical constituents in order to figure
out the active compound which might be the lead
compound for whitening agent.

In addition, SPSF011BE and SPSF045BE
which were identified by morphology as Penicillinn
sp. also exhibited tyrosinase inhibition. So, they are
interesting for further study to seek the bioactive
compounds from these species deeply. Therefore,
fungal extracts isolated from organic soil in this
area could be considered as good sources of
various bioactive natural products, especially, to
identify new inhibitor with drug-like properties
on tyrosinase enzyme activity.
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Biological Activities and Chemical Profiles of Selected Soil Fungi Isolated from

Sirindhorn Peat Swamp Forest of Narathiwat, Thailand
(Aktiviti Biologi dan Profil Kimia Kulat Tanah Terpilih yang Dipencilkan dari Hutan Paya Gambut Sirindhorn di

Narathiwat, Thailand)
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ABSTRACT

A total of 54 soil fungi were collected from Sirindhorn peat swamp forest in Narathiwat Province which is the last peat
swamp forests in Thailand. They were extracted using four different solvents and 104 crude extracts were obtained.
The bioactivity screening of these samples was done employing alpha-glucosidase inhibition, anti-inflammation using
nitric oxide inhibition and cytotoxicity using cancer cell line (MCF-7). The results showed that SPSF224 crude
extract had the best biological activities in the screening tests and was then selected for further study. The SPSF224 was
identified as Penicillium maximae. The crude extracts of P. maximae were determined for chemical profile, IC, value
of alpha-glucosidase inhibition, antioxidant and antimicrobial activities against Staphylococcus aureus, Trichophyton
mentagrophytes, and T. rubrum. This was the first report of chemical investigation and biological activity evaluation
of P. maximae.

Keywords: Alpha-glucosidase inhibition, antidiabetic; anti-microbial; antioxidant, Penicillium maximae

ABSTRAK

Sebanyak 54 kulat tanah telah dikumpulkan daripada hutan paya gambut Sirindhorn di Wilayah Narathiwat yang
merupakan hutan paya gambut terakhir di Thailand. Kesemuanya diekstrak menggunakan empat pelarut yang
berbeza dan 104 ekstrak kasar diperoleh. Penyaringan bioaktiviti sampel ini dilakukan dengan menggunakan aktiviti
perencatan alfa-glukosidase, anti-radang menggunakan perencatan nitrik oksida dan sitotoksisita menggunakan titisan
sel kanser (MCF-7). Hasil kajian menunjukkan bahawa ekstrak kasar SPSF224 mempunyai aktiviti biologi terbaik
dalam ujian saringan dan kemudian dipilih untuk kajian lebih lanjut. SPSF224 dikenal pasti sebagai Penicillium
maximae. Ekstrak kasar P. maximae ditentukan untuk profil kimia, nilai IC,, perencatan alfa-glukosidase, aktiviti
antioksida dan antimikrob terhadap Staphylococcus aureus, Trichophyton mentagrophytes dan T. rubrum. Ini

adalah laporan pertama penyelidikan kimia dan penilaian aktiviti biologi P. maximae.

Kata kunci: Antidiabetik, antimikrob; antioksidan; Penicillium maximae,; perencatan alfa-glukosidase

INTRODUCTION be increased to 629 million by 2045 (WHO 2019). The
Bureau of Non-Communicable Diseases, Ministry of
Public Health, Thailand showed the statistics of diabetic
patients per 100,000 population per year in Thailand in
2007 and 2015 were 500,347 and 802,017, respectively
(Bureau of NCD 2019).

Diabetes mellitus (DM) is a group of metabolic diseases
characterised by hyperglycemia due to the lack of
insulin secretion, action or both. DM is a major non-
communicable disease or NCDs in the world. The number
of people with diabetes worldwide between the ages of
20 and 79 in 2017 was 425 million peoples and will
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A defect in insulin production is the primary cause
of rising blood sugar levels. Alpha-glucosidase enzyme
is a key enzyme located at the brush border of the small
intestine used for delaying blood glucose absorption
which hydrolyses 1, 4 alpha-glycosidase bonds in the
terminal position of the polysaccharide chain (Gao et al.
2008). The complex carbohydrates in the lumen of the
small intestine have to be broken up by alpha-glucosidase
before the resulting glucose molecules can be taken
up and finally reach the bloodstream. Postprandial
hyperglycemia can be improved by inhibition of small
intestinal alpha-glucosidase activity (Hakamata et al.
2009). The drugs currently being used for hyperglycemia
treatment by alpha-glucosidase inhibitory mechanism
include miglitol (Kalra 2014), voglibose (Horii et al. 1986)
and acarbose (Bischoff 1994) which have been initially
isolated from microorganisms.

It is well known that long term DM is often
associated with secondary complications due to over
production of free radicals and malfunction of antioxidant
process giving rise to increasing oxidative stress. From
previous clinical studies, the results of antioxidant
treatments showed that they could improve symptoms of
diabetic polyneuropathy and increased glucose transport
in skeletal muscle cells. The report also presented that
the intake of antioxidant could reduce the risk of
development on type 2 DM (Scott & King 2004).

Moreover, DM patients are susceptible to be
infected with pathogens such as Staphylococcus aureus,
S. epidermidis, Mycobacterium tuberculosis, and
Streptococcus pneumoniae because their immune
systems are weak (Casqueiro & Alves 2012). Therefore,
combination treatment with antioxidant and antibacterial
agents could help to improve DM treatment effectively
(Fuchs et al. 2013). The antimicrobial effects of some
of active ingredients of Penicillium species including
griseofulvin, is one of antifungal antibiotics currently
used for systematic fungal infection treatment which was
isolated from P. griseofulvum (MacMillan 1954).

Fungi are found in a variety of habitats such as soil,
associated with plants, water, associated with other fungi
and ruminant guts (Dighton & White 2017). Secondary
metabolites produced by fungi usually show inhibitory
or toxicity effects on other organisms. Accordingly,
fungal metabolites have been developed to be used in
pharmaceuticals (Shwab & Keller 2008) due to their
antibacterial, antifungal, anticancer (Zhao et al. 2013),
anti-inflammatory (Deshmukh et al. 2009), antioxidant

(Sadananda et al. 2014) and cytotoxic activities (Turbyville
et al. 2000).

Peat swamp forests are tropical moist forests and
they create a thick layer of acid soil (Thawai 2004) with
high relative biodiversity and humidity (Boonyuen et
al. 2012). The microbes living in this area can survive
in this harsh environment. The Sirindhorn Peat Swamp
Forest Nature Research and Study Centre is located in
one of the last remaining peat swamp forests in Thailand.
This forest area is reported to spread over 224 square
kilometers (ORDPB 2019). Preliminary study showed
that various fungi such as Aspergillus sp., Penicillium
sp., Trichoderma sp., and Gongronella sp. have been
isolated from soil obtained from Sirindhorn peat swamp
forest. Pharmacological activities of these fungi such
as antifungal (Wang et al. 2012), cytotoxic, insecticide
(Rukachaisirikul et al. 2013), antibacterial (Cazar et al.
2005), antioxidant (Trisuwan et al. 2011), antimalarial
and anticancer (Trisuwan et al. 2014) have been reported.
This study aimed to search for the active substances
for antidiabetic activity from fungi isolated from the
soil of Sirindhorn peat swamp forest by assessing
alpha-glucosidase inhibitory efficacy. The effective
compound or extract could serve as a lead substance for
further development of anti-diabetic drug. Additionally,
bioactivity screening of alpha-glucosidase inhibition,
antiinflammation and cytotoxicity of the fungal crude
extracts from Sirindhorn peat swamp forest are herewith
reported.

MATERIALS AND METHODS

FUNGAL MATERIALS

The 54 soil fungi were collected from Sirindhorn peat
swamp forest, Narathiwat, Thailand. They were isolated
by the researchers from Department of Microbiology,
Faculty of Science, Prince of Songkla University,
Songkhla, Thailand. The isolated fungi were cultivated
and extracted using four different solvents to obtain 104
sample extracts which were then screened for bioactivity
determination. The bioactivity screening performed on
these samples were alpha-glucosidase inhibition, anti-
inflammation (nitric oxide inhibition) and cytotoxicity
using cancer cell line (MCF-7).

DETERMINATION OF ALPHA-GLUCOSIDASE INHIBITORY
ACTIVITY

This assay was modified from previously reported



protocol using colorimetric method in 96-well plate (Dej-
adisai & Pitakbut 2015). Samples (2 mg/mL) were added
to 50 uL of 10 mM phosphate buffer solution (pH7),
which contained 2 mg/mL of bovine serum albumin and
0.2 mg/mL of sodium azide, and then incubated at 37 °C
for 2 min with 50 pL of a-glucosidase enzyme (1 unit/
mL). The result of a-glucosidase inhibition activity was
processed using the following equations:

A Absorbance at 405 nm
A Time

Velocity =

o V control-V sample
% Inhibition = ¥ control x 100
contro

DETERMINATION OF ANTI-INFLAMMATORY ACTIVITY

Inhibitory effect on nitric oxide (NO) production by the
104 fungal extracts (25 pg/mL) were carried out using
RAW264.7 cells following Dej-adisai et al. (2018).
NO production was determined by measuring the
accumulation of nitrite in the culture supernatant using
the Griess reagent. The reagent consisted of N-(1-
naphthalenediamine) and sulfanilic acid. Under acidic
conditions, sulfanilic acid (sulfanilamide) was converted
by nitrite to a diazonium salt. N-(1-naphthalenediamine)
was added into diazonium salt to form a colored azo dye
(red-pink color). The optical density was measured with
a 570 nm using microplate reader. L-nitroarginine (L-NA),
indomethacin and caffeic acid phenethyl ester (CAPE)
were used as positive controls.

DETERMINATION OF CYTOTOXIC ACTIVITY

Cytotoxic activity against human cancer cells for 104
fungal extract samples (25 pg/mL) were determined by
performing sulforhodamine B (SRB) colorimetric assay.
SRB assay was used for measuring the cellular protein
content using two of the sulfonic groups to bind to basic
amino acid in the cell under mild acid condition, which
show pink color. Human cancer cells (human breast
carcinoma cell line (MCF-7)) and a human normal cell
(human gingival fibroblast cell line (HGF)) were used
for cytotoxicity test. Camptothecin was used as a positive
control. The experiment was tested in 96 well plates and
detected using microplate reader at wavelength 492 nm
(Dej-adisai et al. 2018).
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FUNGAL IDENTIFICATION

Fifty-four soiled fungi were collected from Sirindhorn
peat swamp forest in Narathiwat Province which is the
last peat swamp forests in Thailand. They were extracted
by 4 different solvents and obtained 104 crude extracts.
The bioactivity screening of the 104 crude extracts
showed that SPSF224 crude extract had the best biological
activities. SPSF224 was selected for further species
identification which was performed by Leibniz-Institut
DSMZ-Deutsche Sammlungvon Mikroorganismen
und Zellkulturen GmbH, Germany. The fungus was
subjected to DNA extraction and sequencing of the
rDNA ITS fragment (Schoch et al. 2012). Additionally,
we amplified and sequenced the large subunit of rDNA
(LSU) and partial calmodulin gene (Visagie et al. 2013).
The fungus rDNA-ITS fragment showed two different
operons and was therefore not useful for identification.
Comparison of assembled calmodulin sequences was
performed with GenBank, Myco ID and various databases
as well as with the type species of Penicillium maximae
(GenBank Accession: KC773821). P. maximae belongs
to the section Sclerotiora within the genus Penicillium
(Visagie et al. 2014).

FUNGAL FERMENTATION AND EXTRACTION OF SPSF224

SPSF224 was grown on potato dextrose agar (PDA) at
25 °C for five days. Five pieces of 0.5 x 0.5 cm? mycelial
agar plugs were inoculated into 500 mL Erlenmeyer
flasks containing 300 mL of PDA at room temperature for
21 days. The fungal culture (60 L) was filtered to separate
into wet mycelia and the filtrate. The filtrated broth was
transferred to a separatory funnel and the same volume of
ethyl acetate was added each time. The organic layer was
evaporated to dry under reduced pressure to provide
broth ethyl acetate extract, BE (red-brown paste, 5.77 g).
The fungal mycelium was soaked for 3 days in methanol.
The MeOH layer was concentrated by an evaporator
and added to 150 mL of distilled water. The mixture was
then shaken with 500 mL of hexane. The aqueous layer
was extracted three times with an equal volume of ethyl
acetate and then evaporated to obtain cell hexane extract,
CH (yellow-brown paste, 1.35 g), cell ethyl acetate extract,
CE (red-brown paste, 2.47 g) and cell methanol extract,
CM (black-brown paste, 3.59 g). Then these extracts from
SPSF224 were further studied for chemical profiling and
biological activities.
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FUNGAL PURIFICATION

The extract from SPSF224 BE (5.767 g) was loaded
onto the quick column by dry-loading technique. Then,
a gradient solvent system as a mobile phase was eluted
through the column with a mixture of hexane, ethyl
acetate, methanol and water from 100:0:0:0 to 0:50:40:10
to yield 19 subfractions F1 to F19. F12 (0.972 g) was
further purified using classical column chromatographic
technique. The separation was carried out using a
mixture of chloroform and methanol from 100:0 to 50:50
to obtain 11 subfractions. F12-8 (0.121 g) was loaded on
the surface of Sephadex® LH-20 column chromatography
using methanol as eluent to produce 8 fractions. F12-
8-8 (68 mg) was purified by Sephadex® LH-20 column
chromatography. The same elution protocol was repeated
giving 7 subfractions. Fraction F12-8-8-4 was isolated
and determined as semi-purified PM1 (30.2 mg).

GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Gas Chromatography-Mass Spectrometer (GC-MS)
(5977A Series GC/MSD System, Agilent Technologies,
USA) was used to analyse the crude extracts. The samples
were chromatographed on capillary columns, size 30
m x 250 pm % 0.25 pm. One microliter of extract was
injected into an injector at 70 °C and held for 3 min. The
temperature was increased by 15 °C/min until it reached
200 °C without holding. It was then increased with a
program rate of 3 °C/min to 300 °C and was held for 10
min. The identification of the components in the extract
was carried out by comparison of their retention time and
mass spectral fragmentation pattern with those stored in
the computer library.

CHEMICAL SCREENING

The extracts from SPSF224 were further studied for its
chemical profile by identification of the presence of
tannin, alkaloids, steroid, triterpenoid, cardiac glycoside,
saponin, anthraquinone, coumarin, and flavonoid. The
chemical screening tests were performed according to
previously reported methods (Farnsworth 1966; Harborne
1984; Trease & Evans 1983) with some modifications.

DETERMINATION OF TOTAL PHENOLIC CONTENT (TPC)

Total phenolic content of P. maximae extracts was
estimated using the Folin-Ciocalteu colorimetric assay
according to the method of Singleton and Rossi (1965)
with some modifications. Stock solutions of samples and

standard (gallic acid) at the concentration of 5 mg/mL were
dissolved in absolute ethanol. Total phenolic contents were
obtained from regression equation Y= 0.0101X + 0.0111
with R? value of 0.999 and expressed as mg/g gallic acid

equivalent using the equation below:
cxDFxV

Total phenolic content (mg/g) = w

where C is the concentration of gallic acid (ng/mL);
DF is the dilution factor; V is the volume of fungal extract
(mL); and W is the weight of fungal extract (mg).

DETERMINATION OF TOTAL FLAVONOID CONTENT

The total flavonoid content of P. maximae extracts
was determined by aluminum chloride colorimetric
method as described by Chang et al. (2002) with some
modifications. The sample (500 pL of 1 mg/mL) was mixed
well with 1.5 mL of 95% ethanol, 100 pL of 10% AICI,,
100 pL of 1M CH,COOK and 2.8 mL of distilled water.
Five varying concentrations of quercetin were used in
preparing the standard curve. Regression equation of the
curve, Y=0.0033X+0.0072 with R? value of 0.999 was
obtained. The equation was used to calculate the quercetin
contentin 1 g of sample (mg quercetin equivalence (QE)/g
of sample).

DETERMINATION OF ANTIOXIDANT ACTIVITY

The radical scavenging activity of the various extracts
of P. maximae were determined using 2,2-diphenyl-1-
picrylhydrazil free radical scavenging assay. The samples
(200 pg/mL) or 2 mL of 200 pg/mL quercetin were mixed
well with 2 mL of 6x10° M DPPH. Ethanol was used as
blank. The mixtures were incubated for 20 min in the
dark. Measurement of absorbance at 520 nm was done
using UV-vis spectrometers and percentage of antioxidant
activity was calculated using the following equation:

ODcontrol-0ODsample
ODcontrol

% inhibition = ( ) x 100

DETERMINATION OF ANTIMICROBIAL ACTIVITY

The preliminary screening of antimicrobial activity was
carried out using the agar disc diffusion assay (Lorian
2005). Staphylococcus aureus (ATTC 25923), S. epidermis
(TISTR 517), Propionibacterium acnes (DMTS 14916)
and Methicillin-resistant S. aureus (MRSA 13501106)
were selected for Gram positive bacteria. Escherichia



coli (ATCC35218) and Pseudomonas aeruginosa
(ATCC10145) were selected for Gram negative bacteria.
Candida albicans (TISTR 5779) was selected for yeast
and Microsporum gypseum, Trichophyton rubrum, and
T. mentagrophytes were selected for fungi. Five fungal
extracts of SPSF224 were dissolved in DMSO and
diluted to achieve a concentration of 200 pg/mL and
then 10 pL of samples were dropped on the sterile paper
disc. All test plates were incubated for 24 h at 37 °C for
bacteria, 24 to 48 h at 35 °C for yeast and 7 days at 30
°C for fungi. The appearance of zone of inhibition on the
plates was measured in diameter (mm).
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RESULTS AND DISCUSSION

BIOACTIVITY DETERMINATION OF FUNGAL EXTRACTS

Actotal of 104 crude extract samples from 54 fungi collected
from Sirindhorn peat swamp forest were determined for
their biological activities as anti-alpha-glucosidase, anti-
inflammatory and cytotoxic (Table 1). Thirty-eight samples
showed anti-alpha-glucosidase activity of over 90%
inhibition. Only two samples showed potential effects of
anti-inflammatory and cytotoxic activities at 25 pug/mL
which SPSF224BE and SPSF224CE. Hence, SPSF224 was

selected for further studies.

TABLE 1.Bioactivity determination of 104 fungal extracts

Anti-alpha-glucosidase

Anti-inflammation

(% inhibition)

Cytotoxicity on MCF-7

No. Extract activity — -
Nitric oxide ‘ (% inhibition)
(% inhibition) S Cytotoxic effect
inhibition

1. SPSF001BE 43.95+3.65 35.39+3.57 -2.13+£3.78 18.88+5.36
2. SPSF002BE 27.80+3.73 43.63+2.78 0.94+1.30 59.42+4.08
3 SPSF003BE 99.71+0.29 37.73+£2.22 1.26+4.89 11.24+5.36
4. SPSF004BE 63.98+3.62 32.22+4.55 0.46+3.48 9.90+5.97
5. SPSF005BE 18.19+4.00 108.64+2.04 85.23+1.71 99.32+0.22
6. SPSF006BE 50.07+4.29 56.57+3.43 -2.94+2.90 38.63+2.57
7. SPSFO07BE 100.20+0.24 26.24+2.80 2.69+3.39 39.10+1.30
8. SPSF008BE 99.55+0.08 23.42+3.15 1.12+1.04 11.78+5.60
9. SPSF009BE 99.75+0.27 33.71+£2.37 3.56+1.95 -3.90+5.39
10. SPSF010BE 7.1845.33 22.95+1.21 3.86+0.92 66.00+4.00
I1. SPSF001BE 43.95+3.65 35.39+3.57 -2.13+£3.78 18.88+5.36
12. SPSF012BE 100.56+2.86 51.01+4.30 2.24+2.13 0.85+4.99
13. SPSF013BE 70.74+2.30 30.45+3.31 1.08+2.93 85.14+2.70
14. SPSF028BE 99.71+0.29 123.29+2.13 87.81+0.76 92.18+0.15
15. SPSF029BE 83.63+1.89 123.37+2.04 78.21+0.78 97.10+0.18
16. SPSF030BE 68.62+7.05* 47.42+3.37 10.07+1.76 10.31+2.43
17. SPSF031BE 98.55+2.69 35.87+1.76 11.89+1.02 34.92+2.62
18. SPSF032BE 98.05+0.63 21.25+0.86 11.99+1.75 12.00+4.68
19. SPSF033BE 99.50+0.09 124.72+2.27 76.14x1.16 87.49+1.15
20. SPSF034BE 91.26+0.65 28.02+2.88 14.2742.50 4.43+1.57
21. SPSF035BE 99.27+0.34 35.93+3.06 14.53+£2.47 7.98+0.22
22. SPSF037BE 97.61+2.82%* 19.86+2.06 22.80+2.69 74.12+1.64
23. SPSF038BE 36.72+1.52 29.12+2.91 15.58+1.68 3.4043.60
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

SPSF039BE
SPSF040BE
SPSF042BE
SPSF043BE
SPSF044BE
SPSF045BE
SPSF046BE
SPSF047BE
SPSF048CE
SPSF049BW
SPSFO51BW
SPSF206CM
SPSF206BE
SPSF208BE
SPSF208CE
SPSF208CH
SPSF209CE
SPSF209BE
SPSF209BW
SPSF211CE
SPSF211BE
SPSF213BE
SPSF219BE
SPSF221CE
SPSF221CH
SPSF221BE
SPSF224BE
SPSF224CE
SPSF225CE
SPSF225BE
SPSF226BE
SPSF226CE
SPSF226CH
SPSF227BE
SPSF227CE
SPSF227BW
SPSF234CE
SPSF234BE
SPSF234BW
SPSF236BE
SPSF236CE
SPSF238CE
SPSF240BE
SPSF240CE

76.91+0.55
96.72+0.82
66.24+4.05
96.87+0.34
61.11+0.51
82.56+0.96
82.54+2.91
91.51+0.68
88.92+1.42
54.69+3.32
91.44+2.23
17.98+2.89
79.43+1.19
98.31£1.19
56.45+2.57
69.61+0.79
60.34+1.41
84.76+2.89
27.98+3.35
81.43+3.26
101.26+1.73
64.55+0.98
98.29+3.64
27.00+2.80
18.90+1.20
89.86+4.55
104.83+3.40
100.00+00
51.23+1.28
88.02+1.71
86.91+£1.94
54.70+4.90
29.86+3.83
57.93+1.11
18.55+0.16
91.04+0.19
100.32+0.36
99.97+1.33
74.81+2.17
61.00+2.34
52.05+2.73
54.05+1.68
93.63+2.19
62.57+3.85

31.88+2.13
36.10+4.11
91.71£5.17
81.32+1.14
101.08+1.85
47.38+2.42
36.26+2.46
67.22+1.75
45.87+2.66
100.73+2.93
95.85+3.58
29.19+£3.30
66.72+1.47
49.56+1.84
87.78+4.80
53.48+0.87
56.99+0.99
30.29+5.10
23.05£2.55
43.32+5.68
-26.87+3.20
32.73+2.66
72.42+1.29
69.4442.22
78.33+1.48
81.60+1.59
76.13+£2.25
91.07+£2.32
52.13+4.25
-2.74£2.57
55.37+1.36
55.82+2.54
47.69+1.43
59.60+2.51
79.97+1.55
21.39+3.31
17.71£2.50
7.83£2.73
21.58+3.09
45.59+1.35
55.46+4.41
48.16+1.83
37.60+0.75
68.24+1.09

15.0243.12
18.17+0.53
11.45+2.89
7.58+2.08
47.26+2.26
14.09+3.07
17.26+0.64
15.86+2.28
15.37+1.10
16.54+0.58
47.76+£2.91
20.58+2.08
12.77+£2.51
3.63+3.35
47.18+0.96
8.58+5.15
4.97+59
14.50+2.98
15.63+£2.04
17.4242.90
11.987+4.55
11.35+1.45
8.92+1.74
54.79+1.63
59.95+3.02
41.67+1.99
15.84+1.85
22.83+1.79
16.59+3.59
6.72+£2.72
18.10+1.13
5.38+2.55
16.99+1.99
9.87+3.11
3.58+0.07
17.16£2.36
18.94+2.47
13..57+£3.93
18.51£2.54
16.54+5.70
15.7542.32
22.35+2.05
3.44+2.64
7.45£3.44

5.48+1.90
5.27+£2.84
64.38+4.08
24.63£1.65
75.90+0.76
19.99+2.34
2.76+4.27
17.1742.44
1.48+1.96
73.93+0.94
95.54+3.12
10.60+1.28
47.1241.08
30.30+3.79
69.91+£2.07
31.94+1.39
25.51+1.83
19.36+1.96
3.10£2.20
7.63£1.68
9.84+3.43
1.1242.28
61.34+0.95
86.15+1.03
89.21+1.18
34.61+1.29
46.84+2.28
76.62+1.39
53.98+0.97
19.33+1.50
40.49+2.47
28.49+1.82
30.81+1.64
35.95+2.81
43.53+1.70
0.29£1.10
33.28+1.01
21.58+3.44
-5.90+1.40
27.39+1.34
31.16+2.54
51.68+1.10
14.99+2.80
60.05+2.44



68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.

SPSF240CH
SPSF241BE
SPSF244CE
SPSF244BE
SPSF248CH
SPSF248CE
SPSF248BE
SPSF250BE
SPSF304BE
SPSF304CH
SPSF304BW
SPSF310BE
SPSF310CE
SPSF310BW
SPSF312BE
SPSF312CE
SPSF318BE
SPSF318CE
SPSF325BE
SPSF325CE
SPSF325CH
SPSF328BE
SPSF329BE
SPSF329CE
SPSF329CH
SPSF330BE
SPSF330CE
SPSF339BE
SPSF339CE
SPSF339BW
SPSF347BE
SPSF358BW
SPSF358BE
SPSF358CE
SPSF360BE
SPSF360CH
SPSF360BW

Acarbose

Camptothecin

Indomethacin

77.42+4.69
85.43+0.48
44.84+1.14
51.29+1.87
82.27+£2.24
69.61+0.79
86.91+1.94
103.70+2.01
84.80+0.74
100.00+00
52.97+1.23
119.00+2.91
67.96+2.27
84.37+2.21
85.73+1.09
79.36+1.75
53.42+1.51
53.04+1.44
100.00+00
100.00+00
100.00+00
100.00+00
86.27+3.19
100.00+00
100.00+00
55.29+2.57
98.49+1.23
94.35+0.69
96.87+0.60
51.24+0.25
77.16+£2.57
83.21£3.35
59.77+3.95
98.90+3.72
32.08+0.15
13.12+4.26
64.63+1.57
86.87+0.66

84.38+2.40
65.92+1.54
88.40+2.66
27.26+2.09
41.81+£189
95.63+2.32
103.34+1.94
56.98+4.65
82.98+1.31
92.93+2.39
51.44+3.15
40.05+2.46
71.33+£3.08
62.61+1.34
85.23+2.13
80.29+5.31
53.16+1.44
84.00+2.30
25.83+1.72
25.98+3.36
31.76+6.15
38.77+£2.39
27.53+2.42
-0.92+2.54
10.69+1.47
61.32+1.49
37.64+1.56
105.03+0.62
98.44+0.57
70.23+1.10
39.60+3.54
23.88+2.73
9.41+1.05
28.65+1.01
105.04+0.89
105.22+1.07
30.96+1.57

61.08+0.68

16.16+£2.69
11.48+4.19
22.00+£5.72
7.28+0.22
0.01+5.91
-4.28+5.95
35.60+0.45
55.96+0.61
8.60+3.55
17.96+2.27
20.26+1.69
-24.76+6.66
-7.60+£7.98
20.82+3.09
15.40+2.22
26.00+2.61
2.73£2.20
18.05+1.50
4.16+1.89
17.27+£2.27
22.57+1.83
4.96+3.75
13.96+3.06
20.46+5.41
35.15+4.35
16.57+£1.97
11.59+1.39
57.78+2.05
16.25+3.11
3.53£2.59
16.07+1.66
10.81+1.03
9.31+£0.86
5.22+4.23
72.32+0.71
89.32+0.29
27.93+1.43

25.42+2.99

67.47+1.55
22.65+2.12
74.00+0.80
16.22+3.81
19.57+3.80
61.16+1.78
81.46+1.08
3.42+1.73
59.79+4.21
69.50+1.85
6.56+3.73
15.08+2.77
20.42+1.30
11.83+4.56
86.36+0.88
64.01+£2.36
21.58+2.80
84.27+1.10
70.96+4.20
34.52+2.06
17.53+£3.26
31.69+4.20
-2.60+1.63
78.68+1.47
55.29+2.21
36.87+4.10
15.18+1.16
85.23+0.23
24.43+2.10
78.80+1.50
24.57+£3.57
-2.36+1.44
10.20+1.39
16.98+2.24
97.33+0.10
98.90+0.20
6.74+1.61

94.01+0.17
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Values are mean+tstandard deviation of three replication (n=3); *0.5 mg/mL; **1 mg/mL; P= Positive control
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PRELIMINARY QUALITATIVE CHEMICAL SCREENING OF
P. maximae EXTRACTS

The qualitative metabolite analysis of P. maximae
extracts was obtained as shown in Table 2. The results
showed that tannin and alkaloid were present in all the
crude extracts while cardiac glycoside, steroid, saponin,
and terpenoid were absent. Flavonoid was found in cell
ethyl acetate extract (CE), broth ethyl acetate extract
(BE), and cell hexane extract (CH). Coumarin and
anthraquinone were absent in cell ethyl acetate extract
(CE).

TABLE 2. Chemical

This result showed that P. maximae produced
various types of secondary metabolites. Moreover,
the data were in accordance with previous reports
that alkaloids, tannins, flavonoids, coumarins and
anthraquinones had been found in Penicillium genus.
Alkaloids were found in P. aurantiogriseum, P. terlikowski,
and P. citrinum, respectively (Kalinina et al. 2018; Lai
et al. 2013; Waring et al. 1987). Tannins were found
in P. frequentans (Bhardwaj et al. 2015). Flavonoids,
coumarins and anthraquinones were obtained from P.
setosum (George et al. 2019), P. oxalicum (Wang et al.
2014), and P. chrysogenum (Brunati et al. 2009).

screening of P. maximae

Extracts*
Chemicals
CE BE BW CM CH
Tannin / / / / /
Alkaloid / / / / /
Cardiac glycoside X X X X X
Steroid X X X X X
Saponin X X X X X
Flavonoid / / X X /
Triterpenoid X X X X X
Coumarin / X X X X
Anthraquinone / X X X X

/ = Present, X = Absent

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

SECONDARY QUANTITATIVE CHEMICAL SCREENING OF
P. maximae EXTRACTS
DETERMINATION OF TOTAL PHENOLIC CONTENT

The total phenolic content of P. maximae extracts were
shown in Table 3. Broth water extract (BW) and cell
methanol extract (CM) showed low amounts of total
phenolic content at 1.83+0.41 and 0.97+0.20 mg GAE/g
dry weight of sample, respectively. Meanwhile, cell ethyl
acetate extract (CE) contained the highest amount of

phenolic content up to 8.89+0.40 mg GAE/g dry weight
of sample.

DETERMINATION OF TOTAL PHENOLIC CONTENT

Total flavonoid content of P. maximae extracts quantified
using the aluminum chloride colorimetric method
showed that the total flavonoid content was highest in CE
(7.73 mg QE/g dry w.), while flavonoid was absent in BW
and CM (Table 3). The maximum phenolic and flavonoid



content were found in CE at 8.89+0.40 mg GAE/g and
7.73 mg QE/g, respectively. The results suggested that
ethyl acetate was the most suitable solvent to isolate P,
maximae secondary metabolites. This may be due to the
low polarity property of ethyl acetate which selectively
extracts low molecular weight phenol and flavonoid
(Bhardwaj et al. 2015). Phenolic and flavonoid are major
secondary metabolites of fungi and have been associated
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with antioxidative action in biological systems (Devi
et al. 2012). The presence of phenolic and flavonoid
compounds has been reported in Penicillium species
including P. chrysogenum (Sikandar et al. 2020), P.
granulatum (Chandra & Arora 2012), and P. fumiculosum
(Jakovljevi¢ et al. 2014). Therefore, the phenolic and
flavonoid compounds found in this study possibly
possess antioxidant activity.

TABLE 3. Total phenolic and flavonoid contents of P maximae extracts

Total phenolic content (mg
Extracts* SD Total flavonoid content (mg QE/g) SD
GAE/g)
CE 8.89 0.40 7.73 0.19
BE 6.12 0.20 2.24 0.15
BW 1.83 0.41 n/d** n/d**
CM 0.97 0.20 n/d** n/d**
CH 5.33 0.40 1.36 0.18

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

CHEMICAL PROFILING OF CELL HEXANE EXTRACT OF P.

maximae

From this investigation, CH of P. maximae showed
the highest activity of alpha-glucosidase inhibition.
Thus, CH was selected for further analysis. The GC-
MS chromatogram showed three dominant peaks at
retention times of 15.9212, 26.6168, and 37.8967 min,
respectively (Figure 1; Table 4). These peaks represented
the n-Hexadecanoic acid (C H,,0,), 2,6-dimethyl-N-
(2-methyl-alpha-phenylbenzyl) aniline (C,,H,,N) and
3Beta-acetoxy-6-nitroandrost-5-en-17-one (C, H,(NO,),

respectively. From the previous report (Artanti et al.
2012), n-Hexadecanoic acid had a low activity of alpha-
glucosidase inhibition. Therefore, alpha-glucosidase
inhibition potency of CH might be from 2,6-dimethyl-
N-(2-methyl-alpha-phenylbenzyl) aniline (C,,H,,N) and
3Beta-acetoxy-6-nitroandrost-5-en-17-one (C, H,,NO,).
However, the anti-alpha-glucosidase efficacy of these
two compounds should be further studied to determine
whether the anti-alpha-glucosidase capacity of CH possibly
was due to the effect of each individual constituent or
the synergistic action of the components in the extract.
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FIGURE 1. GC-MS chromatogram of cell hexane extract of P. maximae
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TABLE 4. Dominant peaks from GC-MS chromatogram of cell hexane extract of P. maximae

Component Match
No. Component RT Compound name CAS# Formula
Area factor
1 15.9212 n-Hexadecanoic acid 57-10-3 C,H,,0, 99116607.0 96.4
2 26.6168 2,6 dimethyl-N-(2 methyl- 119971-00-5 C,H, N 31006746.8 81.4
alpha.- phenylbenzyl)aniline
3 37.8967 3Beta-acetoxy-6-nitroandrost- 31559-86-1 C, H,,)NO 54667640.7 71.4

5-en-17-one

CHEMICAL PROFILING OF SEMI-PURIFIED PM1

GC-MS analysis of semi-purified PM1 was shown in
Figure 2. The chromatogram illustrated two dominant
peaks at retention times (RT) of 14.1728 and 12.3793
min, respectively (Table 5). The highest peak (RT
14.1728) represented 3-(1-methylbutyl)-1,2,4-

cyclopentanetrione (C, ;H,,0,) and the other (RT 12.3793)
represented suberic dihydrazide (C;H,(N,O,). Their alpha-
glucosidase inhibitory efficacies have not been reported
yet. To the best of our knowledge, the exact active
substances of semi-purified PM1 on anti-alpha-glucosidase
are still undefined. Thus, anti-alpha-glucosidase efficacy
of these two ingredients should be further evaluated.
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FIGURE 2. GC-MS chromatogram of semi-purified PM1
TABLE 5. Dominant peaks from GC-MS chromatogram of semi-purified PM1
Component Match
No. Component RT Compound name CASH# Formula
area factor
1 12.3793 Suberic dihydrazide 20247-84-1 CH N0, 4511271 68.4
3-(1-methylbutyl)-1,2,4-
2 14.1728 54644-19-8 C, H,6O 16922005 82.3

cyclopentanetrione

10771473




BIOACTIVITIES OF P. maximae
ALPHA-GLUCOSIDASE INHIBITORY ACTIVITY

P. maximae extracts were determined for alpha-
glucosidase inhibition and the half maximal inhibitory
concentration (IC,)). The results showed that CH was
the most active extract for alpha-glucosidase inhibition
with IC, of 490 pg/mL whereas acarbose as standard
drug showed the IC_, value at 205 ug/mL (Table 6).
The comparison of alpha-glucosidase inhibition from
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all SPSF224 extracts, CH, CE, and BE showed that their
alpha-glucosidase inhibitory activities were higher than
the others. Previous studies have reported that phenolic
and flavonoid compounds could act as alpha-glucosidase
inhibitors and regulators of hyperglycemia (Montefusco-
Pereira et al. 2013). Therefore, phenolic and flavonoid
compounds present in CH, CE, and BE could be the
chemical groups in these extracts that exhibited the
alpha-glucosidase inhibition.

TABLE 6. The alpha-glucosidase inhibitory activity of P. maximae extracts

Extracts/Compound Anti-alpha-glucosidase activity (% inhibition) IC,, (ng/mL)
Broth ethyl acetate (BE) 97.12+1.01 1008
Broth water (BW) 45.63+0.21 -

Cell ethyl acetate (CE) 118.59+2.71 1080
Cell hexane (CH) 104.03+0.42 490
Cell methanol (CM) 27.77+0.11 -
Semi-purified PM1 91.83+1.59 ¥
Acarbose P 87.66+0.21 205

Data were expressed as mean+SD
P = Positive control
* = insufficient amount

ANTIOXIDANT ACTIVITY

Antioxidant activities of P. maximae extracts were
determined by the DPPH radical scavenging activity.
The highest activity of antioxidant was found in CE.
However, its ability was less than a standard quercetin
(Table 7). Huang et al. (2005) reported that phenolic
compounds were the major antioxidant constituents of

the endophytes. In addition, previous report showed the
correlation between the phenolic and flavonoid contents
with antioxidant activity (Shweta et al. 2010). In this
study, CE exerted highest DPPH radical scavenging
activity. Hence, it was possibly due to the highest level
of phenolic and flavonoid contents in the extract.

TABLE 7. Inhibition of DPPH radical scavenging activity for P. maximae extracts

Samples* % inhibition at 200 pg/mL** SD
CE 31.25 5.89
BE 28.40 2.39
BW 2.66 0.33
CM 1.47 0.26
CH 11.69 2.14

quercetin 93.44 1.54

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract;

CH: cell hexane extract.

**Values were represented with meantstandard deviation of three replications (n=3)
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ANTIMICROBIAL ACTIVITY

Crude extracts of P. maximae were tested for antimicrobial
activity using the disc diffusion method. Broth ethyl
acetate extract (BE) showed inhibition zone against S.
aureus, T. mentagrophytes, and T. rubrum at 8.1£0.1,
6.4+0.5, and 11.2+2.6 mm, respectively. Cell methanol
extract (CM) also exhibited inhibition against 7. rubrum
at 12.6+3.5 mm. However, all extracts did not inhibit the
Gram-negative bacteria, E. coli, P. aeruginosa, and yeast
(C. albicans) (Table 8). This study was consistent with

previous report that the extracts from Penicillium species
also have the antibacterial potency on Gram positive
bacteria including griseofulvin from P. brasilianum
(Tang et al. 2015) and scleroderolide from Penicillium
sp. FO-5637 (Tomoda et al. 1998). The result suggested
that the extracts were potent in killing Gram-positive
bacteria. Nevertheless, the extracts from other Penicillium
species such as P. Janthinellum (Do Rosario Marinho et
al. 2005) and P. herquei (Marinho et al. 2013) possessed
bactericidal activity on Gram negative bacteria.

TABLE 8. Anti-microbial activity of P. maximae

Zone of inhibition (Diameter, mm)

Organisms
Standard drug* CE** BE** BW** CM** CH**
P. aeruginosa 32.7+0.7 0 0 0 0
E. coli 23.1+0.1 0 0 0 0
S. aureus 22.0+1.8 8.1+0.1 0 0 0
S. epidermis 30.6+0.1 0 0 0 0
MRSA 21.3£1.0 0 0 0 0
P acnes 25.4+1.1 0 0 0 0
C. albicans 13.5+£0.4 0 0 0 0
T. mentagrophytes 42.4+1.5 6.4£0.5 0 0 0
T rubrum 50.3+2.1 11.24£2.6 0 12.6 £3.5 0
M. gypseum 27.0£1.0 0 0 0 0

* Standard drugs:

Norfloxacin : P aeruginosa, E. coli 10 pg/disc
Oxacillin . S. aureus, S. epidermidis and P. acnes 1 pg/disc
Vancomycin : MRSA 30 pg/disc

Amphotericin B : C. albicans 25 pg/disc
** Concentration at 200 mg/mL

CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

CONCLUSION
Fifty-four soil fungi were collected from Sirindhorn peat
swamp forest in Narathiwat Province, Thailand and 104
crude extracts were obtained from them. SPSF224 was

selected for further study because of the potential effects
on biological activities. SPSF224 was identified by
molecular method as P maximae. From phytochemical
investigation, its crude extracts contained a variety of



secondary metabolites including tannins, alkaloids,
flavonoids, coumarins and anthraquinones. P. maximae
extracts also showed high potential effect on alpha-
glucosidase inhibition and moderate potential effect
on antimicrobial, anti-inflammation, and antioxidant
activities. This study was the first report of chemical
investigation and biological activities of the isolated
fungus, P. maximae. Hence, this information could be
used as database for further study of the lead compound
for antidiabetic drug from fungi in the future.
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A5n159UNYRAT
Method of fungiidentification
1. DNA extraction

Genomic DNA was extracted from fresh mycelia using E.Z.N.A. Forensic DNA Isolation Kit (Omega Bio-Tek), following the manufacturer’s manual.

2. PCR:ITS
The internal transcribed spacer (ITS) region was amplified in a 50-ml reaction volume containing 1X buffer, 2.5 mM MgCl2, 0.2 mM dNTPs, 0.2UM of each primer
(ITS1 and ITS4), and 1 U Tag DNA polymerase. The PCR temperature profile began with an initial denaturation at 96°C for 2 min, followed by 35 cycles of 96°C
for 1 min, 53°C for 1 min and 72°C for 1:30 min. The final extension was carried out for 10 min at 72°C.

3. Gel Electrophoresis and Sequencing
PCR product was checked by 1% agarose gel electrophoresis, stained with ethidium bromide, and visualized under ultraviolet (UV) transilluminator. The PCR

product was sent to be sequenced for both directions on an automated DNA sequencer (Macrogen Inc., Korea).

4. Sequence analyses
The nucleotide sequences obtained from all primers were assembled using Cap contig assembly program, an accessory application in BioEdit (Biological
sequence alignment editor) Program (http://www.mbio.ncsu.edu/ BioEdit/BioEdit.html). The sequences were compared with nucleotide sequences databases
on Genbank, CBS or suitable databases.

References

® Doyle JJ and Doyle JL (1987). A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytoch. Bull. 19: 11-15.

® Hall TA (1999). BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucl. Acids Symp. Ser. 41: 95-98.
Available at [http://www.mbio.ncsu.edu/BioEdit/bioedit.html]. Accessed July 25, 2008.

® Omega Bio-Tek, Inc. (2013). E.Z.N.A. Forensic DNA Kit: Standard protocol.: 6-9.

® Techaprasarn J. (2010). Genetic variation of Kaempferia (Zingiberaceae) in Thailand based on chloroplast DNA (psbA-trnH and petA-psbJ) sequences. Genetics and
Molecular Research 9 (4): 1957-1973.
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Nucleotide sequence(s)

a16ui safnegns Usnawasawuinalelng asiuihnalelng (5' > 3)
No. Sample No. Nucleotide region of Nucleotide sequence (5' -> 3')
1 SPSE 2241 TS (DNA GTAACAAGGT TTCCGTAGGT GAACCT GOGGAAGGATCAT TATCAATTTACAGCGGACT TCGGT CCTGTCTGCACCCTT

GTCTTTTGCGTACTATATGT TTCCTCGGTAGGCT TGCCTGCCGATAGGACACTTATAAACTCTTTTGTAATTGCAATC
AGCGTCAGAAAAACTATAATAGT TACAACT TTCAACAACGGAT CTCT TGGT TCTGGCAT CGATGAAGAACGCAGCGAA
ATGCGAAAAGTAGT GT GAATTGCAGAAT TCAGT GAAT CATCGAATCT TTGAACGCACAT TGCGCCCCTTGGTATTCCA
TGGGGCATGCCTGI TCGAGCGT CATTTGTACCCT CAAGCTCTGCTTGGTGT TGGGT GTTTGT CCCGCTATTGCGCGTG
GACTCGCCT TAAAGCAAT TGGCAGCCGGCATAT TGECCT GGAGCGCAGCACAATTTGCACT TCTTGCCTTTGAATGTC
GAGCATCCAGAAGCAACTCTTTTTGCT TTTGACCT CGGAT CAGGT AGGGATACCCGCTGAACTTAAGCATATCAATAA

2 SPSF 318 ITS (DNA ACCTGCGGAAGGATCATTACCGAGT GTAGGGT TCCT AGCGAGCCCAACCT CCCACCCGTGTTTACTGTACCTTAGT TG
CTTCGGECGEGECCCECCAT TCGT GECCGCCEEEEECT CTCAGCCCCEEECCCECECCCECCGGAGACACCACGAACTCT
GTCTGATCTAGT GAAGT CTGAGT TGAT TGTATCGCAATCAGT TAAAACT TTCAACAATGGATCT CTTGGT TCCGGCAT
CGATGAAGAACGCAGCGAAAT GCGATAACT AGT GTGAAT TGCAGAAT TCCGT GAATCATCGAGT CTTTGAACGCACAT
TGCGCCCCCTGGT AT TCCGGGEEGEGECAT GCCT GTCCGAGCGT CAT TGCTGCCCATCAAGCACGGECTTGTGTGT TGGGTC
GT CGT CCCCT CT CCGGEEGEEGACGEECCCCAAAGGCAGCEECEECACCGCGT CCGATCCTCGAGCGTATGEEECTTTG
TCACCCGCT CTGT AGGCCCGGECCGGCGCT TGCCGAACGCAAAT CAATCTTTTTCCAGGT TGACCT CGGATCAGGTAGG
GATACCCGCTGAACTTAAGCATATCAATAAG
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Comparison of nucleotide sequences with reference strain(s)

Strain: SPSF 224

Max | Total [Query
Description Ident| Accession
score | score | cover

Penicillium multicolor strain KUC1626 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85

1 |ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1031 | 1031 | 100% | 100% | HM469407.1
sequence
Penicillium sclerotiorum isolate 113 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer

2 |1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA| 1016 | 1016 | 99% | 99% KU847877.1
gene, partial sequence
Penicillium sp. H11-2 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA

3 1011 | 1011 [ 100% | 99% | KT189507.1
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence
Penicillium maximae strain LMB-HP33 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and

4 1007 | 1007 [ 100% | 99% | KP979776.1
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

5 [Penicillium sp. MS-2011-F37 genomic DNA containing ITS1, 5.85 rRNA gene and ITS2, strain F37 1007 | 1007 | 100% | 99% | HE608803.1
Penicillium sp. NFML_CH28 3C 40 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85

6  |ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1005 | 1005 | 100% | 99% | KM458805.1
sequence
Penicillium glabrum isolate NA-69 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85

7 Jribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1005 | 1005 [ 100% | 99% | JN180489.1
sequence
Penicillium sp. FO3 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA

8 1005 | 1005 [ 100% | 99% | JF439497.1
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence
Penicillium multicolor isolate M2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and

9 1003 | 1003 | 99% | 99% | HM595496.1
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

10  |Penicillium maximae NRRL 2060 ITS region; from TYPE material 992 | 992 | 97% | 99% | NR_121343.1

wewme WelUSeuiiludduiuaiiandlelnd s vesiiegnes1svia SFSP 224 fugnudeya GenBank udnuindiaulndifesiusluana
Penicillium wilianusaduuniisszausia (species) 19 iasnanuivatardlolnadaulndifesiusivatssia luaunsadadwunlagly

Aeuivaimalelng TS wiesiwnuaiedle
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Comparison of nucleotide sequences with reference strain(s)
Strain: SPSF 318

Max | Total [Query,|
Description Ident| Accession
score | score |cover

spergillus flavus strain CS08 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
1 [ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, | 1066 | 1066 | 100% | 100% | KX015986.1

partial sequence

Aspergillus sp. BAB-5910 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
2 1066 | 1066 | 100% | 100% | KX378864.1
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

Aspergillus sp. BAB-3401 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA
3 1066 | 1066 [100% | 100% | KM066565.2
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

Aspergillus oryzae strain KVCET7 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
4 fribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% [ 100% | KJ941129.1

sequence

Aspergillus flavus strain USMG09 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
5  [rilbosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% | 1009% | KF434090.1

sequence

Aspergillus flavus strain USMC19 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
6  |ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% | 100% | KF434089.1

sequence

Aspergillus flavus strain USMK12 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
7 Jribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% | 1009% | KF434087.1

sequence

spergillus flavus strain USMJ03 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
8  [ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% | 100% | KF434086.1

sequence

spergillus flavus isolate A4S3 12 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
9  Jribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% [ 100% | JX501409.1

sequence

spergillus flavus isolate A154 D2 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
10  [ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1066 | 1066 [100% [ 100% | JX501360.1

sequence
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Customer's name:

w@aft / No. : TBRC2017 - 081

witgauuaziioy / MAYUNEYIN_ LazndrngnuEns

Institute and address: | AMZLAYANEAT UNINYIRLAVAIUATUNS SLnNEMALYEY Fufisnearuna/ Report date: 01.- Feb - 2017

FuillgSudegng / Sample receive date : | 02.- Dec - 2016

Miwesuusnmsdsnedraudousavsiitesuunyiin/The customer sent pure isolate for identification

|:|Qma%uu%ﬂﬁiddLidJuéf?aEmLﬁaﬁmwﬂa‘auﬁﬁuaﬂﬁﬁﬂLﬁaﬂmﬁ%mﬂmﬁ@ﬁhe customer sent specimen for isolation and chose isolate(s) identification

duil SURE1 Bnsvuunyin faulndideaniu % Ao EREINT
No. Code Method of identification Closely related with % similarity Note
1 SPSF 224 Molecular method Penicillium sp. 96%
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Method of fungiidentification

1. DNA extraction
Genomic DNA was extracted from fresh mycelia using E.Z.N.A. Forensic DNA Isolation Kit (Omega Bio-Tek), following the manufacturer’s manual.

2. PCR: Beta-tubulin
Beta-tubulin region was amplified in a 50-ml reaction volume containing 1X buffer, 2.5 mM MgCl2, 0.2 mM dNTPs, 0.2IM of each primer (Bt2a and Bt2b), and 1
U Taq DNA polymerase. The PCR temperature profile began with an initial denaturation at 96°C for 2 min, followed by 35 cycles of 96°C for 1 min, 53°C for 1
min and 72°C for 1:30 min. The final extension was carried out for 10 min at 72°C.

3. Gel Electrophoresis and Sequencing
PCR product was checked by 1% agarose gel electrophoresis, stained with ethidium bromide, and visualized under ultraviolet (UV) transilluminator. The PCR
product was sent to be sequenced for both directions on an automated DNA sequencer (Macrogen Inc., Korea).

4. Sequence analyses
The nucleotide sequences obtained from all primers were assembled using Cap contig assembly program, an accessory application in BioEdit (Biological sequence
alignment editor) Program (http://www.mbio.ncsu.edu/ BioEdit/BioEdit.html). The sequences were compared with nucleotide sequences databases on Genbank,
CBS or suitable databases.

References

® Doyle JJ and Doyle JL (1987). A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytoch. Bull. 19: 11-15.

® Hall TA (1999). BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucl. Acids Symp. Ser. 41: 95-98. Available

at [http://www.mbio.ncsu.edu/BioEdit/bioedit.html]. Accessed July 25, 2008.
® Omega Bio-Tek, Inc. (2013). E.Z.N.A. Forensic DNA Kit: Standard protocol.: 6-9.
® Techaprasarn J. (2010). Genetic variation of Kaempferia (Zingiberaceae) in Thailand based on chloroplast DNA (psbA-trnH and petA-psbJ) sequences. Genetics and
Molecular Research 9 (4): 1957-1973.
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Nucleotide sequence(s)

aeudl safnegns Ushawesdwuilrdlelng asiuihnalelng (5' > 3)
No. Sample No. Nucleotide region of Nucleotide sequence (5' -> 3)
1 SPSF 224 beta-tubulin gene GGTGCTGCTTTCTGGTACGTGTTGCTACCCGACTCACTTCCCGGTCAATCATCAATTGTTGAACCCAGGGGCATGATG

CTAACTCTGATTACAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGCCAGTAAGTATCGATTCAGTTGG
AATTGGACGTGATGAGAATGGCGGTTTGATGTGTTTTTTTITTTCTTAGCTTCACTGGCCAGTCCGACCTCCAGCTCGA
GCGCATGAACGTCTACTTCAACCACGTAAGTGTGGATTCGACACTCGATATGCAACTTCATCTAACATAATGGATTCT
CATAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTG
CCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGG
GTCAC
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Comparison of nucleotide sequences with reference strain(s)
Strain: SPSF 224

Max Total Query
Description Ident Accession

score score cover
1 Penicillium multicolor beta tubulin (BT) gene, partial cds 737 737 94% 96% EU427265.1
2 Penicillium maximae strain NRRL2060 beta-tubulin gene, partial cds 671 671 86% 96% KC773795.1
3 Penicillium viticola strain DAOM 239934 beta-tubulin (benA) gene, partial cds 628 628 100% 91% IN686371.1
4 Penicillium sclerotiorum BT2 gene for beta-tubulin, partial sequence 621 621 100% 90% AB540176.1
5 Penicillium sclerotiorum strain NRRL 2074 beta-tubulin (benA) gene, partial cds 617 617 99% 90% IN626001.1
6 Penicillium sclerotiorum strain DAOM 239930 beta-tubulin (benA) gene, partial cds 612 612 99% 90% IN625998.1
7 Penicillium sp. CNU 100148 beta-tubulin (benA) gene, partial cds 610 610 99% 90% JX436494.1
8 Penicillium sp. CNU 100097 beta-tubulin (benA) gene, partial cds 610 610 99% 90% JX436493.1
9 Penicillium viticola strain DAOM 239933 beta-tubulin (benA) gene, partial cds 610 610 100% 90% IN686370.1
10 [Penicillium sclerotiorum strain NRRL 32583 beta-tubulin (benA) gene, partial cds 606 606 99% 90% IN626002.1

nuewme LilalTeuieudduiuailnndlelng beta tubulin gene vB3f108193715%a SPSF 224 fluguteya GenBank wdnudndiaalnalaes
fusibuana Penicillium ualdansnsaduuniisseauaila (species) anianuuansisvesdwuatiailelvduniiunitaieeusula

ndayanisieuiisuaiduiuatiandlelna ITS uay Beta-tubulin gene fiugiudoyaaina wuirdaliaiuisadaduunliiiniig
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Culture ID: 17-492

Sent by Asst. Prof. Dr. Sukanya Dej-adisai,

Department of Pharmacognosy and Pharmaceutical Botany,
Faculty of Pharmaceutical Sciences, Prince of Songkla University,
Hat-Yai District, Songkhla Province, Thailand, 90110.

Pure culture, Strain designation: SPSF 224

Identification approach:

We have performed DNA extraction and sequencing of the rDNA ITS fragment, which is the first
common DNA-barcode for Fungi (Schoch et al. 2012). Additionally, we amplified and sequenced the large
subunit of rDNA (LSU) and partial Calmodulin gene (e.g. Visagie et al. 2013). The fungus rDNA-ITS
fragment showed two different operons and was therefore not useful for identification. Comparison of
assembled Calmodulin sequences was performed with GenBank, MycolD and various databases as well

as with the Type species of Penicillium maximae.

Sequence matches:

Species Gene GenBank Strain Length Sequence
b Accession (basepairs) similarity (%)
Penicillium maximae CALM KC773821 NRRL2060 427/435 98

Identification result:
Penicillium maximae C.M. Visagie, J. Houbraken & R.A. Samson, Persoonia 31: 52 (2013) [MB#803783]
P. maximae belongs to the Section Sclerotiora within the genus Penicillium.
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