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Hooper & Soest (2000) Systema Porifera uay 1ona15e19d3m9qAlanuTausiuld
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FoufosietsleninfuonanssrsdaasUinsiutinddefivinwmunesimeaswunade
1g 38 wiln 9 28 @na 21 3 10 Susiy

2. W@Qﬁ?ﬁi?ENTU,Lﬂuﬂ%jflLLiﬂiuﬁuﬁm‘Jijsz 3 4fa laun Cliona orientalis Thiele,
1900, Axinyssa mertoni (Hentschel, 1912) W& ¥ Cladocroce burapha Putchakarn, de
Weerdt, Sonchaeng & van Soest, 2004

3. nquuasnasinfinunniigndio Order Haplosclerida (15 %iin) 589a91A8 Order
Poecilosclerida (8 uiin)
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3 %ilp Ae ISP2, SCA way Actinomycete Isolation Agar wuleARlutagnanaud ey .
431903574 10 16 leluian wasnuwenrluliedn 24 lolyan

- yeaeumsasansuoudlulefnidesiudieds cross streak nutuendlusedni
wuanUeaudmiagunsliansdudagdunis 2 loluan vnsfivondludedniinuaini
oAU Jminseees nu 4 lelyian

- MsfnyMIdugIIngwarNTIATIeindLaanIuell lnensivaeuviinueinia
lpozflulndian wasihmaiifoglueadiomn nuiueaflulfodniinuanivassuiu oy
Tuunaa Micromonosporaceae foufu lneddadiny ldun Micromonospora,
Salinispora, Spirilliplanes, Wag Virgisporangium Hudu

- YSuugeaneiug mensmienisiewadansitilewan 99U 6 ateiug Ae CH

9

54-8, A3-3, CP-PH 3-2, CP-PH 3-12, CH8-4A, ag RY 2-20 Wuan 15, 20 waz 25 U1
wazAndenianizlaladnasvansuinniilalaidus) eenumadaunIsaesUsNIaNIn WU
! v ea % vy =1 Y a o S v
LLmazaﬂawuqumiaiwmiaaﬂqwﬁi@mﬂw snIuLaARLlUTEEN RY 2-20 Nas19a15ana9
0e19lsAA womdlude@n CP-PH3-12 uaeiugnauseadsasiadalianinieluged

WALNAS1900NUIUBIMSHRENTD UINTVUNINAY 6 1 WAL 2 Wi AUaIeU

ASANEINIALATLAZAIINSIVFOUNINITINTNVB LT UDAR LUNETNUSaBan

4 L a
NIINAEBUYNINIINIIND U ADE TS DPPH wag ABTS

n1sfinwgnsaueyyadasevetansaianeulensaesdantuigailastulLdes
s

nueARtuledn 11 areiug Nwenaindunznauyigiawasiudveaulundwmindunys

3

WaZg 31843511 21NNTIATIBNONTAIUBULABATE DPPH waz ABTS Wuiasanave uui
Wedlgraiueyyadastlannituwad
1. Tnglutuundeaimnisdugieyyadase DPPH wag ABTS 7 50 wWosidud (ICs)

Tut9 74.04+2.1-400 wag 55.21+1.3-400 lulasnsusefiaddans muatsu tneansanakons

s
a o w

Iuﬁa%wﬁLLamqmmﬁma%aSmx DPPH laun anewiug CP-PH 3-2, CP-PH3-13, CP-PH 3-22,
CP-PH 8-B, CP3-1 uay RY2-20 lagil CP-PH 3-22 figirdneyyadasy DPPH Algn (ICs,

a a

74.04+2.1 lulasnsuseladans) %mzﬁmﬂﬁuﬁ‘ CP-PH 3-2, CP-PH 3-13, CP-PH3-22 uav

a

RY2-20 E)E)ﬂi]ﬁ/lé A4 nBYIAREAIE ABTS Tagdan ICso WU 63.3+6.9, 55.21+1.3, 74.04+2.1

o

Wiy 66.1245.4 lulasnsuneliagans muasu GUEN‘“W?I'IEJWUS CP-PH 3-13 aE]ﬂi]Vl% 19 ﬂauma

dasy ABTS mnam

q

2. druvendeusnilutsdniuanigmisudegdunian

P

vraula 1éud 1We CH54-5,

A1-3 Bauonlfanduiivieiau 9. fumySuasiumeilmsia 9. vaud wansqrsfiuusidonis

(%
[

§U83L%e Staphylococcus aureus Wag Candida albicans 19ei%® CH54-5 L@AIUOULUANIT
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v v A

gugada (inhibition zone) 19.25, 19.64 1. YU BEBAR L UNETN Al-3 LaAa inhibition
zone 7sgyy 13.75, 7.1 1. AUa6U
3. INHANINABUYNTAIUATNTLA vIINSUeNans antibiotic pigment A1naNTaA

W Al-3 FanasglusyninanisulalassaianasUseliugvsnisdudaie

AsanwviatazUsutunsaluduainowann luleIn/dean
nsabuduIINLAR IUNBN

o [ o [ 3

nsAnerdawazUsuiunsaludundndudmsudniuiaindewendluodn 22

v
a (% Y a

Aage NARLENNAUIMBEUTIMInYaYT sEead Junys wag Jamdaguns dedluoms

3

(% (%
A o

Ao 1SP2 srezinan 3-14 Yu iiledudeyalunisimunsidsadedmivinluldlunis
m’%‘auqmmmﬁé’miﬁw

- YSunausunsaludiugaanludiedns CP-PH 3-9 Usunmudowas 41.96 nsnlafuiu
YnBU (SFAs: 37.63 %TFA) viansalusiundniinu Tdun Palmitic acid (C16:0) wag
Stearic acid (C18:0) daunsalasfuriinlidusudadou (PUFAs) nuluuSunadislnenselosi
wiiadudu Linoleic acid (C18:2n6) wulusiot1 CP-PH 8-8 USunad (0.86+0.03%TFA) Lay
a-linolenic acid (C18:3n3) wuludi9ene CP-PH 3-9 Tuu3una 0.29+0.02%TFA
nsaladuandan

(3

- 8ad Pichia sp. luomsideaaningusesinanuay 25 A% Wual 96 Falus

a

nunaaigeaaluszeriainisdesd 72 alue ssdusznounsaludulufesraeaddas
Usznause

nsalusfurdnduda (SFAs) USUUEIEA 29.3d%TFA (4.99 mg/g wet wt. ; 14.18
mg/g dry wt) § Palmitic acid (C16:0) \unsaluiundn 24.48%TFA (4.19 mg/g wet wt.;
11.90 mg/g dry wt.)

nsaluusinlidudndedou (PUFAs) SUSu 22.519%TFA (4.45 me/g wet wt.;
12.71 mg/g dry wt.) kag Linoleic acid (C18:2n6) \Uunsalusiundn 18.40%TFA (3.62 mg/g
wet wt, 10.33 mg/g dry wt.)

NMTAATILVIAUAIEIMS (Proximate analysis) dA1lUsiusavar 42 luduseway 0.22
mutuSenay 66 WE1douas 2

- druvsunansalufiuaindianaiindueadiad Pichia sp. Freunadeudaiun
Usznaume

nsalufududa SFAS g9an 32.61%TFA (0.08mg/g wet wt.; 0.87 mg/g dry wt.) il
Palmitic acid, C16:0 1upaAUsEnounan 21.20%TFA (0.033 mg/g wet wt; 0.380mg/g dry

wt.)
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nynlusfurinlidudaiafes (MUFAS) 20.36%TFA (0.04 me/g wet wt.; 0.45 ma/e
dry wt.) § Oleic acid (C18:1n9) Wunsaludundn 17.8%TFA (0.027 mg/g wet wt;0.314
mg/g dry wt.)

nselutuliBududadiou (PUFAS) 9.93%TFA (0.05 mg/s wet wt.; 0.54 dry wt.) lagdl
Linolenic acid (C18:3n3) Wunsalagdunanlulsuna 6.79 %TFA (0.033 me/g wet wt.; 0.372
mg/g dry wt.)
nwauaznsUsgndlfidefiuenld
1. Mmawienthuenfluledn meoudsanitlalewdn (ultra violet, UV)

nsthueafludednuvisiieuas UV delkinsnaneiusuasiinisaiisesn
s Wty wiwadildannsmienhdieuas UV duardssalifinisadisansidisann
Fududnilng wiffumsiutuiioadnios

Bn1stniiiyenaleiugaukas UV 981l aUasuaauiou expose siowas UV Tu

=

sveg 30 @i, M1 15, 20 uag 25 U9 Lgawumummiﬁ'mmzawqm (ISP2) "&saINUMN
Folhasai 32 °C afnanswalulaviineaduarainemsidendons methanol uay
ethyl acetate  guAAY

MnmMsmienideuenilusiodv 6 anenug tawn CH 54-8, A3-3, CP-PH 3-2, CP-
PH 3-12, CH8-4A, way RY 2-20 Aisuasdansilileian nudiuuinudazaienugiinisasna
aseengsliinniudisadntios eniuneadluddn RY 2-20 iadrsansanas uay CP-PH3-
12 \Huaneiugiiannsoadansiatnldaninelueaduasiiadsesnunluemmadsade
1ATUNIRL 6 W e 2 Wi AudeTy

%

2. mfimuInsHanirdutaransiiumslnemaiianisnsaiionszduniduiuvesameta
sousAndnitviouunaiie

msfnwnsisuulasssuugiduiudowiuresuaingnew (Lates calcarifer) i
WiiuemIaaemagansienIsiunIuUsanvila Cryptocaryon irritans 1083N9WNUNTT
yAREILUUFLRAEN aTIvanpssznaufseadavinaut 4 gas léun

mmﬁgmﬁ 1 9MN5YAMIVANUTENOUMEENTIMITUAINE N

qmﬁ 2 IMIYAPIVALNE C. irritans 28y theront Fome

ansil 3 evnsUayamUALHELBRd Pichia sp.

qmﬁ 4 21MNIYARIVALKEL Sodium alginate

nngnstivinalusiu 49-51 wWesidud wavUSunaludu12-13 Weosdus nanuin
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vosUaniiiueImsgasi 1 2 uay 3 qﬂsﬁu duszduueuivevesaifiuemis
qmﬁ 4 pautensTinasnnIsVaaes

- UaniliFesdasevnsgnsiidl C iritans s¥ey theront Wemietdudiunand
Usinalusiuludsugandilulanilidesshsevnsynniugu

.

- agunan1svnaeandliliiuidUsanC Iritans szeg theront Weome uazdad

Pichia sp. axnsanseiulyivaineuausdsoneufilnulaeasisuoufueninty
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HANAMYITTTUYIAVRIAUNTINaLa oIl meladlsussuseRulseufnwineulareluiun
JmInvay3

2) WaWAIULIAALALINYEANUINENFERSYRITNSsUSEAULSaUANwInaUUaNe

Tnelasanstneusudsufufinisandunisan 5 lassnisges loun tasenisi 123 4

~ 1 [~ v A gj o = a & o
uwag 5 dalnguidwaneiluauzaguastiniseuduliseufnvineulatgateInemans 91U
400-450 AU (lNa1slATIMSLaraAilon1sUTsEIBLaERnUfURdewuulun1ARwIN)

asunan1suszidiuauianelaveidnsiun1sineusudaujiAn1susing ind
Y Y a a na o < n o al a 'S o
AislasamsInlsuseuande "yatwitey” 311U 62 au lsuseudsiayns 91wy 158
AU wazlsUSEUYATIYY IO U 189 AU TIUINAY 409 au AnluFewas 90.89 Fediein
UITHA lARINFIT IaauUsuanfmuall wazainnisussliunaniuianeladanisin
lasanseusuBafuinig Ysingindgneusuudssdudiuou 346 au Amdudovay 84.59
Y8IELUNUIATINTBUTHY FarnanisUssliuauianelaegluseduinndiegaAiazuuulage
4.07 H971 vTTaNalARNMFIARuNana sy NnnuaseduauianelaliiseAuLin Tae

TeazdenasunmUssilivnavadniavlsasey (@auonaiskutlunianwan)

AsuNaUlUNELNS
NNTANTUNITIEVBNATINITERE 6 tAsan1studn 2 TadwaannisAnenIdelu
Wewuluswussgumadnmsiasiiniuauaranulugduuulvameinedy 5 15010 2

1ASINITINY AILEAIIUANTIN 2 (LONEITUNANLYD WAAILUAIANLIN)

M1399 2 TeyanisiinsuseguniinniskasiauananulugliuulUanes/proceedings

1A59N1533 nsuszYn anuil/Jspine Foi309
4 Burapha University Bangsaen, Chonburi | Effect of salinity on the growth and
International Conference / Thailand fatty acid composition of the marine
2015 (BUU2015), 10-12 yeast Pichia sp. cultured in sugarcane
July 2015 bagasse media
(Poster/Proceedings)
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1A39N1533 QUEEELHY anuil/Jszine Foi30q
28y 5 Burapha University Bangsaen, Chonburi | Distribution of actinomycetes in Thai
International Conference / Thailand mangrove sediments
2015 (BUU2015), 10-12 (Poster/Proceedings)
July 2015
5 25" Biennial Asian Kuala Biodiversity of Antimicrobial Producing
Association for Biology Lumpur/Malaysia Actinomycetes in Coastal Marine
Conference, 13-16 Sediments
October, 2014
5 18" International Praque, Czech Morpholosgical study of antimicrobial
Microscopy Congress, 7-12 Republic actinomycete producing isolates from
September 2014 marine sediments
3hpe 5 International Seminar and Tao-Tong Center Antimicrobial Activity of

Workshop on Marine
Natural Products 2015, 15-
17 September 2015

Operation Hotel,
Burapha
University/Thailand

Actinomycetes Isolated from

Mangrove Sediments
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msusnideusailufoinnfungneutiveiauves 0. e fwiagrugiod
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UUIMIT 3 WA A ISP2, SCA wag Actinomycete Isolation Agar WuLBARLUITEY

nfulIvgan 3. 51993511 16 lolaan wae 24 lalawan mua1du nudeamly

a

Jegninuandiveaudmiagunsliasdugniunid 2 lelaan vasiuennlule

9

FNANUINNUILEU FIIATEE9 WU 4 Laluian
Tngluduiidesdiinisdudeuyadase DPPH uay ABTS 7 50 wWosidusd (Cs)

Tuta9 74.04+2.1-400 wag 55.21+1.3-400 hlasnSusieliadans muainu lagdans

[

afinuenAludegniuansgnsindneuyadasy DPPH laun anewug CP-PH 3-2, CP-

PH3-13, CP-PH 3-22, CP-PH 8-4B, CP3-1 waz RY2-20 laeifi CP-PH 3-22 ﬁqwéﬁw%’m

oyyadasy DPPH fifign (ICs, 74.04+2.1 lulasnSusiefiadang) vauflanemug CP-PH

[y 1

3-2, CP-PH 3-13, CP-PH3-22 Uay RY2-20 eenqvidrindnevyadasy ABTS laedin
ICso WINAU  63.346.9, 55.21+1.3, 74.04+2.1 way 66.12+5.4 lulpsnsunediaddns

v
IS a

MINEAU VeuETanesug CP-PH 3-13 aangvaidneyyadase ABTS Afign 1Wauenf
Tudle@niuanignssnudeqdunsgnuiaula laun We CH54-5, A1-3 fauenlaainfu

q

a

Ueay 3. JUNUSuaziurgilangia 2. vaus Lanigvsniulswiensiuduie
Staphylococcus aureus Wag Candida albicans 1a8lae CH54-5 WAASUOULYANIT
v ¥ X

Fudade (inhibition zone) 19.25. 19.64 1. Yusfidoueailusedn Al-3 wans

inhibition zone N1sz8y 13.75, 7.1 1y, ANNAIAU
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4. msenwdauezdiinanseluiuisndudmudnii  andewendluednsiuu
22 fegn AfausnanAuimseudmiavayd srees Jumys way Sndngums
Aeduownadsade 1SP2 swernan 314 Yu Ysinasmnseluiugagaludiiogig
CP-PH 3-9 Usunaufosas 41.96 nsalusuduniindusa (SFAs: 37.63 %TFA) ailansa
Tusfumdniinu 16un Palmitic acid (C16:0) way Stearic acid (C18:0) d@unsalusiy
yilaliidusudedou (PUFAs) wulutiinadisilaensalufusiasidy Linoleic acid

(C18:2n6)
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Bioactive compounds especially antibiotic was one of the major drugs
in medical treatment. It have ability to disrupt bacterial growth, It have many type of
microbes that can product antibiotic such as fungi, Actinomycetes bacteria and other
bacteria, but most natural Actinomycetes can't generate antibiotics much enough for
the manufacturing. So we desire to induce mutation in Actinomycetes by Ultraviolet
treat for development bacterial strains to be able generate more antibiotics. From
characteristic we can separate six strains of Actinomycetes to three strains of
Micromonospora and three strains of Streptomyces. In mutation induction of
Actinomycetes we use the common method by irradiated Ultraviolet ray to
suspension cell for 15, 20 and 25 minute, then select bacterial colony to cultivate in
ISP2 agar medium.  The characteristic of Actinomyces after UV treat don't change
from original strain, but almost Actinomycetes can generate more kind of bioactive
compounds except for RY2-20, it can classification bioactive generation type to 5
type: 1) bioactive compounds still the same 2) decrease outer cell bioactive
compounds 3) increase outer cell bicactive compounds 4) increase inner cell
bioactive compounds 5) increase all bioactive compounds. Actinomycetes mutation
induction by UV treat can made Actinomycetes produce more bioactive compounds
both quantity and kind by Actinomycetes strain CP-PH-3-2 bioactive compounds
production increase 21.99%, CP-PH-3-12 increase 256.60%, CP-8-4-A increase 25.85%,
CH54-8 increase 46.62%, A3-3 increase 5.75% and RY2-20 increase 26.63%
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Abstract

Yeasts are used as live feeds in the culture zooplankton which are then fed to the larvae of a broad range of aquatic
animals. Given the importance of yeasts in larviculture, it is imperative that the nutrient composition of each employed
yeast is determined to ensure that the nutritional needs of the target aquaculture species are being met. In the present
study, the growth and fatty acid composition of the marine yeast Pichia sp. cultured in sugarcane bagasse media (SM)
adjusted to salinities of between 25-35 ppt over a period of 192 hours was determined. Salinity was found to influence
the growth of the Pichia sp. with cultures grown in 25 ppt having a significantly (p<0.05) higher cell density (cells ml)
than the cultures grown in salinities of 30 and 35 ppt. The growth of the Pichia sp. in the 25 and 30 ppt cultures peaked
at 72 h, while those reared in 35 ppt peaked at 120 h post-inoculation. Determination of the fatty acid composition in
sub-samples taken from each culture at peak growth found that the profiles were broadly similar and unaffected by
salinity. There was, however, a significant difference (p<0.05) in the production of palmitic acid (C16:0), which was
higher in the Pichia cultures adjusted to a salinity of 35 ppt than in those of lower salinity. The essential fatty acid
linoleic acid (C18:2n6) was found in high concentrations whilst linolenic acid (C18:3n3) was detected in only trace
amounts; the concentration of each acid were similar in each culture. The study concludes that while salinity does affect
the growth of the marine yeast Pichia sp., the fatty acid profile remains largely unchanged across the salinity range 25 to
35 ppt. Further work, however, is required to optimize the culture conditions of this yeast if it is to be used as a live feed
for zooplankton within commercial scale aquaculture enterprises.

© 2015 Published by Burapha University.

Keywords: live feed; larviculture; monounsaturated fatty acids; polyunsaturated fatty acids; aquaculture
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1. Introduction

Yeasts are ubiquitous and commonly occur within marine and estuarine ecosystems (Kandasamy et
al., 2012) and have broad spectrum application within, for example, the biomedical, chemical and food
industries, in agriculture and as biofuel (Kurtzman and Fell, 2000; Yanagida et al., 2002; Passoth and
Schnarer, 2003; Nisiotou and Gibson, 2005; Hill et al., 2006; Bhadra et al., 2007; Nyanga et al., 2007; Lee et
al., 2008; Liu et al., 2008; Matsushika et al., 2008; Rao et al., 2008; Chi et al., 2009; Barnett and Barnett,
2011), they also have an important application within aquaculture either as probiotics, or in the culture of
rotifers which are used in the larval nutrition of many aquaculture species (Patterson and Burkholder, 2003;
James et al., 2004; Czerucka et al., 2007). In larval nutrition, the essential fatty acids, i.e. those belonging to
the n-3 and n-6 polyunsaturated fatty acid families and notably the n-3 highly unsaturated fatty acids, are
considered vital nutrients for the development and growth of marine larvae (Sargent et al, 2002). If yeasts
are to be used in the culture of zooplankton which are subsequently given as a live feed to the larvae of many
mariculture species, it is judicious to determine the nutrient content of each yeast species that is used to
ascertain whether their nutritive content meets the requirements of the target aquaculture species. The
proximate composition of yeasts, as might be expected, is variable across the relative taxa and can be
affected by local environmental factors including their culture media (Gutierrez and Silva, 1993; Rodriguez
et al, 2012; Wang et al., 2012; Watanachote et al., 2012) and by salinity (Hunter and Rose, 1971; Urano et
al., 2001).

Sugarcane bagasse, is the fibrous residual matter following the mechanical extraction of sucrose
from sugar cane; the residue is typically rich in monosaccharides (Du Toit et al., 1984). Yeasts preferentially
catabolize sugars, although they can utilize polyols, alcohols, organic acids and amino acids as carbon and
sources of energy (Spencer and Spencer, 1997). Preliminary investigations by the current authors found that
a marine yeast isolated from seawater, and subsequently identified as a strain belonging to the genus Pichia
Hansen, 1904 (Saccharomycetaceae), was able to grow in sugarcane bagasse media; the proximate
composition, however, was not determined within this earlier study. The current study investigates the
growth and fatty acid composition of the same isolate of Pichia (coded BS6-2) cultured in sugarcane bagasse
media adjusted to salinities of 25, 30 and 35 ppt.

2. Materials and methods
2.1 Preparation of the sugarcane bagasse media (SM)

Media was prepared by mixing autoclaved sugarcane bagasse cubes, obtained locally, with the
relevant salinity (25-35 ppt) of artificial seawater (Oestmann and Lewis, 1995) in a ratio of 1:10 (w/v). The sugar
content of the SM was 6 mg ml* as determined by quantification of the initial reduced sugar. The sugarcane
bagasse preparations were soaked and pressed for 1 h before they were filtered; 125 ml of the filtrate was
then transferred a glass flask and autoclaved at 121°C for 15 min.

2.2 Yeast culture and sample preparation

The isolate of Pichia was originally recovered from a sample of seawater collected at Bang Saen
beach, Chonburi Province, Thailand (13° 16° 56.82” N, 100° 54 54.42” E), and held within the yeast
collection maintained at the Institute of Marine Science, Burapha University, Thailand under the accession
code BS 6-2. For the current study, the yeast was cultured in yeast malt (YM) media and the density of
cells determined by a spectrophotometer at 600 nm and the stock culture adjusted until an optical density
(OD) of 0.2 was obtained. To investigate the growth of the Pichia sp. at three different salinities, i.e. 25, 30
and 35 ppt, a series of 42 replicate 250 ml flasks were prepared, i.e. 14 flasks per salinity. Each flask
contained 125 ml autoclaved sugarcane bagasse media made to the relative salinity (i.e. SM25, SM30 and
SM 35) and then to each 1 ml of the Pichia sp. stock culture was added. Thereafter, the flasks were placed on
a reciprocal shaker at 100 rpm at room temperature for a period of up to 192 h. Six flasks (two per salinity
group) were removed at 24 h intervals to monitor the growth of each culture and to determine the fatty acid
composition. Growth was determined by removing a 1 ml sample of culture from each flask and
enumerating the density of cells. A further 60 ml was taken for the fatty acid analysis. On removal, the 60 ml
sample was centrifuged at 2500 rpm 100C for 20 min. Thereafter the supernatant was discarded and the
residual pellet was washed twice with 40 ml of 0.85% NaCl and then subjected to a second round of
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centrifugation under the same conditions. After decanting the supernatant, the pellet was allowed to dry out
in a 600C for 18 h.

2.3 Fatty acid analysis

Once dried, 0.1 g from the relative Pichia sp. sample was ultra-sonicated in 20 ml ice-cold
chloroform:methanol (2:1, v/v) containing 0.1 % butylated hydroxytoluene for 20 min before the liquid
fraction was transferred to a separating funnel. The residual matter was then subjected to a second round of
extraction after which the liquid portion was transferred to the separating funnel. To separate the non-lipid
phase, 0.88% (w/w) KCI (approx. 25% of the total sample volume) was then added into the separated funnel,
agitated to mix the contents and then left until the solution separated into two layers. Total lipid was
obtained by filtering the lower layer through anhydrous sodium sulfate before evaporating the collected
fraction. Fatty acid methyl esters (FAME) were prepared from the total lipid by subjecting samples to acid-
catalysed transesterification by adding 1% sulphuric acid and then incubating them at 50°C for 16 h
(Christie, 1993). Gas-liquid chromatography (Agilent Technologies GC7820A, USA) was then used to
determine the FAME, with individual FAMEs being identified by comparison to known standards (PUFA
No. 3, menhaden oil, Supelco, USA). The FAMEs were split injected through a wall-coated capillary
column (HP-Innowax column, 30 m x 0.25 mm id, 0.25 um film thickness (Agilent J&W, USA) and
detected via a flame ionization detector (FID). Helium gas was used as the carrier at a constant flow rate of
1.2 ml min., The temperature program used was an initial 150°C for 0.5 min, increasing to 170°C at a rate
of 5°C min, hold at 170°C for 10 min, then increasing to 190°C at a rate of 3°C min-, and, then hold at
190°C for 28 min. Temperatures at the injection and detection ports were 230°C and 250°C respectively.

2.4 Statistical analysis

All data are presented as the mean = S.D. Differences between samples were determined using a
one-way analysis of variance (ANOVA) followed by Tukey HSD post-hoc testing SPSS 17 for Windows.
Statistical significance was set at p<0.05.

3. Results
3.1 Growth of the marine yeast Pichia sp.

Throughout the culture period, the pH of the SM media in all test flasks ranged from pH 5-6. The results
revealed that the Pichia sp. cultured in SM25, i.e. the media containing the lowest salinity considered in the
current trial, significantly (p<0.05) had the greatest number of cells ml** at each time point over the 192 h
trial but cell numbers were seen to peak at 72 h (Figure 1). Cell numbers in the SM30 also peaked at 72 h
while those in SM35 peaked at 120 h (Figure 1).

= SM25 ppt W SM30 ppt W SM35 ppt

2.5

how

1.5

number of cells x 10 #ml

)

Figure 1. Growth of the marine yeast Pichia sp. cultured in sugarcane bagasse media adjusted to salinities of 25 (SM25), 30 (SM30)
and 35 (SM35) ppt.
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Given that the density of cells ml* versus time are important considerations in the production of
live feeds for aquaculture, only the fatty acid composition of the samples taken at 72 h (i.e. peak of growth in
SM25 and SM 30) and 120 h (i.e. peak growth in SM35) are presented here (Table 1). From the analysis of
these, only palmitic acid (C16:0) was significantly affected (p<0.05) by salinity where concentrations in
SM35 were higher than those in SM25 and SM30. Although the concentration of saturated FA increased
with rising salinity, while at the same time the amount of monounsaturated fatty acids (MUFAS) decreased
with increased salinity, the differences between the tests groups were not significant (see Table 1). The
concentration of polyunsaturated fatty acids (PUFAs), however, were consistent across the test samples.
More generally, the FA compositions of all the cultures were similar: the monounsaturated fatty acids
(MUFASs) were dominant representing 47-52% of the total fatty acid fraction (TFA), saturated FAs made up
31-37%, and, the polyunsaturated FAs (PUFAs) contributed about 17%. Within the MUFAs, the
predominant FA was oleic acid (C18:1n9) which represented 42-47 % of the TFA, the dominant SFA was
palmitic acid (C16:0) at 25-28 % of the TFA, and, linoleic acid (C18:2n-6) was the main PUFA representing
approximately 17% of the TFA. The PUFA, linolenic acid (C18:3n-3), however, was only found in trace
amounts (Table 1).

4, Discussion

The fatty acid composition of yeasts vary according to species and their source of nutrition and so
alterations to local culture or environmental conditions will not only have an impact on growth but these
changes may also effect modifications in their fatty acid composition (Gutierrez and Da Silva, 1993;
Srivibool and Jaritkhuan, 2007; Chaung et al., 2012). A study conducted by Urano et al. (2001) working
with halotolerant yeasts found that the number of yeast cells decreased with increasing salt concentrations
but increased with higher levels of total organic carbon. This is supported by the findings from the current
study where maximum cell density of the Pichia sp. cultured in either SM25 or SM30 peaked at 72 h, i.e. 48
h faster than that in SM35. Only the cell density of the SM25 culture, however, was significantly (p<0.05)
higher than that cultured in SM30 and SM35. When the fatty acid compositions of these cultures were
compared, only the level of palmitic acid (C16:0) was significantly higher (p<0.05); salinity had no other
major effect on the FAs, which includes linoleic and linolenic acid, both of which are essential fatty acids for
marine aquatic larvae. Essential fatty acids cannot be synthesised by marine aquatic animals and so these
must be derived from their diet, e.g. the n-3 PUFASs - linolenic acid, eicosapentaenoic acid (C20:5n-3),
docosahexaenoic acid (C22:6n-3), and the n-6 PUFAs - linoleic acid and arachidonic acid (C20:4n-6)
(Sargent et al., 2002).

Table 1. The fatty acid composition of the marine yeast Pichia sp., expressed as percentages, that were cultured in a sugar cane bagasse
based media adjusted to salinities of 25, 30 or 35 ppt salt. The yeast cultures were sampled at 72 h and 120 h when the growth of each
test culture was at its peak.

Fatty acids SM25at72 h SM30at72 h SM35at 120 h
C14:0 0.71+1.01 1.05+0.38 0.59 +0.83
C16:0 24.25 +0.932 25.06 +0.82* 28.24 +0.00°
C18:0 5.48 +0.20 4.67+1.28 8.24 +1.66
C16:1n7 2.90+0.93 3.94+242 3.53+1.66
C18:1n9 47.20 + 6.35 44.86 +7.51 42.35 + 1.66
C20:1n9 1.45+0.46 244 +1.88 0.59 +0.83
C18:2n6 17.65+2.72 17.60 +4.40 16.47 + 1.66
C18:3n3 Tr Tr tr
SFA 3044 +1.74 30.78 +1.72 37.06 +2.50
MUFA 51.91 + 4.46 51.61 + 2.68 46.47 +0.83

PUFA 17.65+2.72 17.60 + 4.40 16.47 + 1.66




33

Data are the mean * sd of three replicates. Different superscript letters in the same row highlight statistical differences at p<0.05
between test groups. tr = less than 0.05.

The current trial found that the Pichia sp. possessed had high percentages of oleic, palmitic and
linoleic acids and although linolenic acid was found in only trace amounts, the results suggest that it is
possible to culture the marine yeast Pichia sp. in sugarcane bagasse as the yeast retains EFA in their cells.
These three fatty acids were also found in Saccharomyces cerevisiae M-300-A and in Saccharomyces
uvarum 1Z-1904 cultured in sugarcane molasses (Gutierrez and Da Silva (1993) and in torula yeasts cultured
in vinasse, a by-product of the sugar industry (Rodriguez et al., 2012). The fatty acid profiles manifested by
yeasts subjected to increasing levels of salinity are species dependent and can result in either decrements or
increments of a particular fatty acid. The salt-tolerant yeast Debaryomyces hansenii was reported to exhibit
only minor changes in its fatty acid composition when grown at different salinities while the salt intolerant
yeast Saccharomyces cerevisiae when placed under salt stress had markedly lower levels of linolenic acid
with a concomitant increase in the production of linoleic acid (Adler and Lijenberg, 1981). Increasing the
salt concentration in the culture media inoculated with the bacterium Planococcus halophilus NRCC 14033
resulted in a gradual increase in the amount of saturated, straight chain C16:0 and C18:0 also with increases
in the production of the unsaturated FA C16:1n-9. At the same time, there was a decrease in the amount of
saturated, branched chain ai-C15:0 and i-C16:0 and also in the unsaturated, straight chain C18:1
(Monteoliva-Sanchez and Ramos-Cormenzana 1987). In the present study, only the production of palmitic
acid in the Pichia cultures were notably affected by an increased concentration of salt in the growth media.
As lipids are an important structural component of cellular membranes, the increased production of palmitic
acid in the SM35 cultures may be associated with changes in the membrane properties, such as fluidity and
permeability, in response to increased levels of environmental salt.

In conclusion, the growth of the yeast Pichia sp. cultured in a sugar cane bagasse based media
adjusted to 25 ppt salt (i.e. SM 25) peaked at 72 h when the cell density reached a maximum. Growth was
significantly different (p<0.05) from cultures grown in higher levels of salt (i.e. 30 and 35 ppt) but the
production levels of the essential fatty acids linoleic and linolenic acid were unchanged. The study concludes
that the species of Pichia investigated here could be cultured in SM25 and used as a live feed in the
production of marine rotifers in the larval nutrition of many marine species. The mass culture of this marine
yeast, however, requires further investigation and should be administered, as a feed, in conjunction with the
use of microalgae to meet all the necessary nutritional requirements of the target aquaculture species.
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Abstract

Mangrove forest ecosystems are rich in microorganisms including actinomycetes. In this study, 24 sediment samples
were collected from mangrove areas in Nakorn Si-Thammarat, Chumporn and Rayong provinces on the east coast and
west coast of the Gulf of Thailand. Actnomycetes were isolated by several selective media, then were characterized and
screened for antimicrobial and antioxidant activities. Actinomycetes were recovered in total 83 isolates from the 3
provinces, 55 from Nakorn Si-Thammarat, 16 from Chumporn and 12 from Rayong mangrove sediments. The
actinomycetes recovered from Nakorn Si-Thamarat mangrove were rather diverse in different family, which were mainly
Streptomyces, Micromonospora, Nocardiopsis, Streptoalloteichus and some unidentified genera; where as those found
from Rayong and Chumporn mangroves were rather diverse mainly in same family in Actinoplanetes: Virgisporangium,
Micromonospora, Salinispora and Spirilliplanes in which the colonies are small and in orange, brown or black which
could differentiate to each other by chemotaxonomy and morphology studies. Although in Rayong and Chumporn
mangrove areas did not obtain many anti-microbial producing strains as those obtained from Nakorn Si-Thammarat, we
believed that by other method of antimicrobial investigation more antimicrobial producing strains would be found.
Antioxidant activity by selected isolates from all areas reveal actinomycetes recovered from mangrove areas are
potential source of lead antioxidant compounds.

© 2015 Published by Burapha University.
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1. Introduction

Actinomycetes, gram positive bacteria with high G+C content, occur widely in both terrestrial and aquatic
environments; many species are saprophytic and are important in soil ecology [Zhao et al., 2004]. As other
soil microbes in sediment, actinomycetes play an important role in organic matters decomposition and
mineral recycling. Importantly, they have contributed a wide range of biologically active compounds,
notably antibiotics for clinical use and as therapeutic agents. Of the 3000+ microbial products possessing
some biological activity as listed by the Antibiotic Literature Database (ABL) - Bioresearch Italia Database,
the greatest contribution are made up of those isolated from actinomycetes [Lazzarini et al., 2000], many of
which are from the genus Streptomyces. The search for novel actinomycetes and the discovery of new
antibiotics for use within the medical industry is driven by the development of resistance among a number of
pathogens [Bernan and Grensteun, 2004] and the emergence of new disease conditions [Taylor et al., 2001].
However, over the last few decades, the rate of new compounds being discovered from common, soil-derived
actinomycetes has declined and focus has shifted investigating the vast and largely unexplored marine
environment. Several studies have indicated that a diverse community of actinomycetes occur within marine
sediments, even at considerable depths [Jensen and Lauro, 2008; Maldonado et al., 2005b; Pathomaree et al.,
2005; Bredholdt et al., 2007] and that these may provide a new source of novel antibiotic compounds
[Fiedler et al., 2005; Hernandez et al., 2004; Hong et al., 2009; Imada, 2005]. The search for novel
antibiotics is sustained by the challenges imposed by antibiotic resistant pathogens on human health [Bernan
et al., 2004] and by the emergence of new diseases [Taylor et al., 2001]. The purpose of the current study
was to conduct a preliminary search for the distribution of actinomycete isolates that have potential

* Corresponding author. Tel.: +66-38-391-671; fax: +66-38-391-674.
E-mail address: rattanap@buu.ac.th.



38

antimicrobial producing strains from mangrove sediments collected both sides the Gulf of Thailand and to
evaluate their antibiotic and antioxidant activities.

2. Materials and Methods
2.1 Sampling of sample sediments

Sediment samples were collected from three main mangrove forests both east and west of the Gulf of
Thailand in Nakorn Si-Thammarat, Chumporn (n=9, Ban Natung, Ban Nacha-ang, and Park Canal;
Rayong (n=8) All sites being along the western and eastern margins of the Gulf of Thailand. From
mangrove forest ecological systems connected to the sea, 24 samples were taken and kept in sterile plastic
bags. In each case, the sediment sample was taken from the sediment surface close to rhizosphere of plants
at the mangrove site with a spatula. The samples were then transferred to the Bangsaen Institute of Marine
Science (BIMS) for processing and actinomycete isolation.

2.2 Isolation methods

Sediment samples were pretreated in two ways: heated for 1 h at 100°C and/or 30 min treated with 1.5%
phenol before isolation [Nonomura, 1988; Hayakawa, 1990; Hayakawa, et al., 1991; Hayakawa, 2008].
Each treated substratum sample was processed, diluted with natural sea-water at 10" and 10 of 10-fold
dilution prior to inoculation on the selected isolation media. The selective media used were: starch casein
agar (SCA), actinomycete isolation agar (AlA) and malt extract-yeast extract medium (ISP2) for samples
from Nakorn Si- Thammarat- and Rayong-mangrove sediments; and SCA, M4 and humic acid vitamin agar
(HV) for samples from Chumporn-mangrove sediments. An equal volume of natural seawater was added to
all isolation media. All isolation media were supplemented with 25 pg/mL novobiocin and 50 pg/mL
nystatin to prevent the growth of other Gram-negative bacteria and fungi. The isolation plates were then
incubated at 30°C and checked at regular intervals over a 4 week period for the appearance of actinomycete
colonies. Actinomycete colonies appearing on the plates were subsequently purified and then kept on agar
slants for subsequent investigation of antimicrobial and antioxidant activities and also in 20% glycerol which
were then stored at  -80°C for longer term preservation.

2.3 Screening of antimicrobial activity

The antimicrobial activity of all isolates were tested against Bacillus subtilis TISTR 008, Staphylococcus
aureus TISTR 517, MRSA22 and Candida albicans TISTR 5235 provided by Thailand Institute of
Scientific and Technological Research, TISTR, using the cross streak technique. The actinomycete isolates
were cultured for 4-6 days at one side of the cultured plates before the 18 h test strains, 0.5 McFaland, were
perpendicular streaked across by sterile cotton buds and continued incubation for another 24 h period.

2.4 Screening of antioxidant activity

Some pigmented and/or antimicrobial producing isolates were selected to investigate for antioxidant
activity. To achieve the amount of secondary bioactive metabolites using, the actinomycetes isolates were
cultured in I1SP2 medium for at least 3 L at 30° C and shaken at 110 rpm for 7-10 d. After a 7 or 10 day
incubation period, the mycelium and culture broth were separated by centrifugation. Actinomycete
cultured medium was extracted by ethyl acetate, in separating funnel, shaken for a few minutes, and
then the solvent layers were evaporated under vacuum (Buchi RE111). The crude extracts were then
transferred into small vials using sterile Pasteur pipettes and dried with N2 gas. Antioxidant activities of
the components were preliminary investigated by thin layer chromatography technique, by DPPH
radical [Alessandra et al., 2002].

2.5 Morphological characteristics

The inclined coverslip technique [Williams et al., 1989] was used to observe the type of spore chains, the
aerial and substrate mycelium that were produced by each actinomycete isolate from each sediment sample.
Some of the antibiotic producing strains were selected for further examination by scanning electron
microscopy to determine the ultrastructure of the spore chain morphology and the ornamentation of the spore
surface.
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2.6 Chemotaxonomical study

The isomeric forms of diaminopimelic acid (DAP) and diagnostic sugars in whole-cell hydrolysates were
determined by thin layer chromatography as described by Lechevalier et al., 1973. The strains were
identified to genera according to Williams et al. [1989] and Maldonado et al. [2005a].

3. Results and Discussion

Actinomycetes recovered from all areas were obtained in total 83 isolates, 55 from Nakorn Si-
Thammarat, 16 from Chumporn and 12 from Rayong mangrove sediments. The mangrove area in Nakorn
Si-Thammarat is located some distance in land and the sediments are wet and dry according to the high and
low tide each day, anyway the soil sediment is rather fertile with more plant debris and materials than the
mangrove in Chumporn and Rayong provinces in which the areas are next to the sea with sandy sediments.
Actinomycetes found from Nakorn Si-Thammarat mangrove were diverse in Family and genera and
Streptomyces were dominant, whereas those found in Chumporn and Rayong mangroves were mainly in
Family Micromonosporaceae (Table 1).

Identification into genera of the recovered isolates were done by morphological study and chemical
analysis of cell wall DAP, including sugar pattern in whole-cell hydrolysates (Fig 1). In this study in land
mangrove area was inhabitant of some other rare actinomycete genera such as Thermoactinomyces,
Micromonospora, Nocaardia, Nocardiopsis, Streptoalloteichus and some unidentified genera whereas the
outer mangroves which connect to the sea less Streptomyces and many genera in Family
Micromonosporaceae were found. In Chumporn mangrove, 2 isolates of potentially antibiotic producing
Streptomyces were found among the rare actinomycetes, whereas all isolates recovered from Rayong
mangrove were members of the Family Micromonosporaceae, but rather diverse in genera anyway (Table
1).

Out of 55 isolates recovered from Nakorn Si-Thammarat mangrove, 27 isolates were antimicrobial
producing strains, mostly to gram positive bacteria, 4 isolates to both gram positive bacteria and C. albicans
and 4 isolates to only Candida albicans (Table 2). On the other hand, those recovered from Chumporn and
Rayong mangrove sediments rarely produced antimicrobial substances by cross streak investigation which
might be the active metabolites were not water soluble or were still inside cell membranes.

Table 1. Some morphological and chemical studies of representative isolates recovered from all areas. (Williams, et al., 1989 and
Maldonado, et al., 2005a)

Isolate ID  Aerial mycelium  Substrate mycelium DAP type Sugar Pattern Identified

NS1-2 W Bn Meso-DAP - Thermoactinomyces
NS1-4 Gy LO Ara, Gal Unidentified

NS1-5 w Bn Meso-DAP - Thermoactinomyces
NS1-6 none DBn Meso-DAP - Micromonospora
NS1-7 none C Meso-DAP  Xyl, Ara Micromonospora
NS2-2 w Bn Meso-DAP - Nocardiopsis
NS2-3 Gy Bn LL-DAP - Streptomyces
NS2-5 Gy Bn LL-DAP - Streptomyces
NS3-1 W DBn Meso-DAP Rhm, Man, Gal Streptoalloteichus
NS3-2 W YBn LL-DAP Gal Streptomyces
NS3-3 W YBn LL-DAP - Streptomyces
NS3-5 W->Gy BnBk LL-DAP - Streptomyces
NS3-7 W->Gy YBn LL-DAP - Streptomyces
NS3-8 W PkBn Meso-DAP - Nocardiopsis
NS3-9 w C Meso-DAP Ara, Gal Nocardia

NS3-10 w PkBn LL-DAP - Streptomyces
NS3-11 W Bn Meso-DAP - Thermoactinomyces
NS3-12 none Bn Meso-DAP Xyl, Ara Micromonospora

NS4-1 WBn LY LL-DAP - Streptomyces
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NS4-2 w PkBn Meso-DAP  Gal, Man, Rhm Streptoalloteichus
NS4-4 Gy WGy LL-DAP Gal, Man Streptomyces
NS4-6 W->BnGy Bn LL-DAP Gal Streptomyces
NS4-8 Gy Gy LL-DAP - Streptomyces
NS5-1 LGy Bn LL-DAP - Streptomyces
NS5-3 LGy Bn LL-DAP - Streptomyces
Table 1. (continued)
Isolate ID Aerial mycelium  Substrate mycelium DAP type Sugar Pattern Identified
NS5-4 WBn Bn LL-DAP Gal Streptomyces
NS6-2 LGy YBn LL-DAP - Streptomyces
CP2-2 none 0 Meso-DAP Xyl Ara, Gal Salinispora
CP3-1 none LO Meso-DAP Xyl, Ara, Rhm, Gal, Man Virgisporangium
CP-PH3-2 none O Meso-DAP Xyl, Ara, Rhm, Gal, Man Virgisporangium
CP-PH3-9 none BkO Meso-DAP  Xyl, Ara Micromonospora
CP-PH3-12  none BkO Meso-DAP  Xyl, Ara, Rhm, Gal, Man  Virgisporangium
CP-PH3-13  none LO Meso-DAP  Xyl, Ara,Man, Gal Salinispora
CP-PH3-22  none O Meso-DAP Xyl, Ara Micromonospora
CP8-4 A Bn Bn LL-DAP - Streptomyces
RY2-20 none LBn Meso-DAP  Xyl, Ara, Rhm, Gal, Man  Virgisporangium
RY2-22 none LBn Meso-DAP Xyl, Ara, Rhm, Gal, Man Virgisporangium
RY2-24 none OBn Meso-DAP Xyl, Ara Micromonospora
RY2-25 none 0Bn Meso-DAP  Xyl, Ara, Rhm, Gal, Man  Virgisporangium
RY3-32 none Bk Meso-DAP  Ara, Gal, Xyl Salinispora
RY3-37 none BkBn Meso-DAP Gal, Xyl Spirilliplanes
RY7-8 none OBn Meso-DAP Gal, Xyl Spirilliplanes
RY8-3 none 0Bn Meso-DAP  Gal, Xyl Spirilliplanes
RY8-8 none OBn Meso-DAP  Gal, Xyl Spirilliplanes

Note: NS = Nakorn Si-Thamarat; CP = Chumporn; RY = Rayong; Ara = arabinose; Gal = Galactose; Man = Mannose;
Rhamnose; Xyl = Xylose; Bk = black; BkBn = blackish brown; BkO = blackish orange;Bn = brown; BnGy= brownish gray; C = cream;
DBn = dark brown; Gy = gray; LGy = light gray; LO = light orange; LY = light yellow; O = orange; OBn = orange brown; PkBn =
pinkish brown; W = white; WGy = whitish gray; YBn = yellow brown.

Rhm =



Fig 1. Chromatogram showed the diagnostic sugar pattern in some of isolates recovered from Rayong and Chumporn mangroves.
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Table 2. Antimicrobial and antioxidant activities (ICso) in some of the isolates recovered from Nakhon SI- Thammarat, Chumporn and

Rayong mangroves.

Isolate ID Color of Color of  Antibiosis to (Distance of inhibition zone, mm) 1Cso DPPH scavenging
spore mass  substrate  B.subtilis MRSA21 MRSA22 C.albicans  (ug/mL)

NS1-2 C RO 15.0 5.0 - - NA

NS1-4 Gy (6] 26.0 22.0 15.0 NA

NS1-5 w Bn 12.0 - - - NA

NS1-9 Gy Y 20.0 - - - NA

NS2-2 w Bn - 5.0 3.0 - 337.3+34.2

NS2-3 Gy Bn - 5.0 3.0 - 56.6+0.4

NS2-5 Gy Bn 5.0 5.0 5.0 - 64.8+1.2

NS3-1 w DY 20.0 - 20.0 - >400

NS3-2 w Y 22.0 - 16.0 - >400

NS3-3 w YBn 30.0 - - 5.0 NA

NS3-5 BkBn YBn - - - 28.0 NA

NS3-7 Gy YBn - - - 2.0 >400

NS3-8 w P - - 20.0 - NA

NS3-9 w c 15.0 - - - NA

NS3-10 w PY - - 22.0 - NA

NS4-1 Bn LY - - - 28.0 NA

NS4-4 Gy WGy 15.0 - - 12.0 >400

NS4-6 W.>BnGy Bn 20.0 15.0 10.0 2.0 329.9+57.5

NS5-1 Bn Bn >400

NS5-3 WGy Bn 19.0 15.0 - - 190.3+5.9

NS5-4 LBn Bn 32.0 20.0 - - >400

NS6-2 Gy YBn - - - 3.0 >400

CP-PH3-2 none (6] - - - - 133.1+4.0

CP-PH3-9 none BkO - - - - 329.9+7.9

CP8-4A Bn Bn 15.0 13.0 13.0 8.0 >400

RY2-20 none LBn - - - - 294.23+7

Ascorbic acid 2.8+0.11

Note: = = inactive; NA = Not applicable; NS = Nakorn Si Thammarat; Bn = brown; Bk = black; BkBn = blackish brown; BkO =

blackish orange; BnGy= brownish gray; C = cream; DY = dark yellow; Gy = gray; LY = light yellow; LBn= light brown; O = orange;

P=pink; PY = pinkish yellow; RO = red orange; W = white; WGy= whitish gray; YBn = yellow brown;.



42

The DPPH radical scavenging assay is commonly employed in evaluating the ability of
antioxidants to scavenge free radicals. The more rapidly the absorbance decreases, the more potent
the antioxidant activity of the extract due to its hydrogen atom donating ability. Among the
isolated of actinomycetes were screened for antioxidant activity using 1,1, diphenyl-2-picryl
hydrazyl (DPPH) stable radical scavenging. The ethyl acetate extracts of NS2-3 and NS2-5
exhibited strong DPPH radical scavenging activity at the ICso value of 56.6+0.4 and 64.8+1.2
pg/mL, respectively. The extracts of CP-PH3-2 and NS5-3 showed good antioxidant activity
whereas the five extracts of NS2-2, NS4-6, CP-PH3-9, CP-PH3-13 and RY2-20 were less active.
However, the scavenging activity of extracts was less than that of standard ascorbic acid (ICso
2.8+0.11 pg/mL). The result of this study indicated that the crude extracts have the proton-
donating ability and they are potential source for isolation of lead antioxidant compounds to reduce
free radical induced tissue injury.

It has been estimated that the actinobacteria usually found only a small fraction of the bacteria
flora in the marine [Goodfellow and Williams, 1985], but consequently, it was found up to 9% in
marine sediments [Bull et al., 2005]. In this finding, more different genera and more diverse of
actinomycete morphology were found in the inland mangrove sediments than those found in
marine sediments. There was convincing evidence that actinomycetes were adapted to marine
habitats [Moran, et al., 1995; Mincer et al., 2002]. From our finding, in marine sediments,
Streptomyces were scarce whereas members of Micromonosporaceae were abundant and often
found. Although the isolates in member of Micromonosporaceae did not show the ability of
antimicrobial metabolites by cross streak, other methods of investigation are necessary as many
reports found novel active compounds from this group of actinomycetes [Romero, et al., 1997
Fiedler et al., 2008, Williams, et al., 2005 and Jensen et al, 2007]. However, these results revealed
that Thai mangrove sediments are a good source to search for both active antimicrobial and
antioxidant compounds from both rare and non-rare species.
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Abstract
Coastal mangrove sediments were collected and isolated for antimicrobial producing

actinomycetes. The study areas were in Chachoengsao, Chonburi and Nakhon Si Thammarat
Provinces. Out of 12 samples, 5 from Chachoengsao, Chonburi and 7 from Nakhon Si Thamarat
gave a total of 102 isolates, 47 from Chachoengsao and Chonburi and 55 from Nakhon Si
Thamarat. It was found that 7 actinomycetes recovered from Chachoengsao and Chonburi were
active to either Candida albicans or Methicillin Resistant Staphylococcus aureus (MRSA) tested
while there were 27 active isolates from those recovered from Nakhon Si Thamarat. By chemical
analysis of wall diaminopimelic acid and sugar pattern including morphological studies revealed
that the active isolates were moderately diverse in genera level and were more diverse in species
level from both areas.

Keywords: Antimicrobial, actinomycetes, mangrove
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Actinomycetes are gram positive bacteria in which many bioactive compounds are generally
produced. Over past decade information on the diversity of actinobacteria in marine habitats has
grown considerably. In this study, morphological and chemical characteristics of wall chemotype
were investigated for a rapid method of basically classification. The location of sediment sampling
areas were in Chonburi and Bang-pakong mangrove forests in the east and Nakhon Si-thamarat
mangrove in the west of the Gulf of Thailand, including marine shallow water coastal area in the
east coast. The sediment samples were pre-treated with dry heat at 1000 C for 1 h before dilution
and spreading on selective medium plates, incubated at 300 C for 4 weeks. Morphological study
was observed both under light microscope and scanning electron microscopy. The results revealed
that most active isolates from Chonburi mangrove area were Streptomyces with rectiflexibile,
spiral and hook spore chain types, while the isolates from Bang-pakong and the west side of the
Gulf manifested various different morphological types. The active isolates from marine sediments
mostly produced single spore chain type on short or long sporophores or produced in a bundle of
Micromonospora and Salinispora, respectively; including a few white spore mass Streptomyces.
The electronmicrographs of many isolates could reveal more different morphological detail to
consider they were same or different species. Apart of morphological and chemical characteristic
studies, some of representative actinomycetes were selected to identified by 16S rRNA gene
sequencing. The active isolates from mangrove and marine sediments are moderately diverse in
genera, but clearly shown they are morphologically diverse and are rich sources to screen for
valuable bioactive compounds.

Acknowledgement: Acknowledgements: The financial support from the NRCT through the Burapha
University budget was gratefully acknowledged.
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Fig. 1: Single spores are formed on short sporophores of Fig. 2: Single spores are formed on short sporophores of substrate
hyphae of Micromonospora from marine  substrate hyphae of Micromonospora on ISP2 medium, 7 sediment on ISP2 medium, 7
days old, 3000X. days old, 3000X.
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Fig. 3: Spiral spore chain type, rugose, of Streptomyces on Fig. 4: Rectiflexibile and hook spore chains are formed on
ISP2 medium, 7 days old, 7000X. arial mycelia of Streptomyces isolated from mangrove
sediment,7 days old, 2000X.
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Antimicrobial Activity of Actinomycetes Isolated from
Mangrove Sediments.

Rattanaporn Srivibool* and Rawiwan Watanadilok

Institute of Marine Science, Burapha University, Bangsaen, Chonburi 20131 Thailand

Abstract

Sixteen actinomycete isolates were isolated using three types of
media, SCA, HA and M4, from mangrove sediment collected at different
locations from Chumporn province. All the isolates were screened for
antibacterial activity by cross streak method. While the antioxidant activity of
the crude extract was assessed by DPPH scavenging activity. It was found that
isolates CP 8-4A and CP 8-4B were active against Bacillus subtilis,
Staphylococcus aureus, MRSA 22 and Candida albicans. The isolates CP-PH3-2
showed good antioxidant activity with the |Cso value of 133.1+4.0 ug/mL
while the inhibition of the standard antioxidant ascorbic acid showed strong
inhibition with the 1Cso value of 1.9.1+0.16 ug/mL.

Keywords : Actinomycete, antioxidant activity, antimicrobial activity

*Corresponding author. E-mail : rattanap@buu.ac.th
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Phylum Porifera
(Was11:Sponges)

Aund Yaans

Sumaitt Putchakarn
awuﬁﬁamwwmﬂwmww%amwmqmLa

Marine B|od|ver5|ty Research Umt
Instltute of Marine Science, Burapha University

a’nﬁ5amwummnmamﬁamwmwma ﬂ'\&ﬁﬁ'ﬂ
a9na '
1. ¥heideiigatesivanurainatensdianinlungia

SN

2. mwmwmusausmLmummﬂﬂuummamaammm‘iuma iednuanslu

anuddn it fuuasifisAusinermansmnansta
3. quashwazdanisgudeyaetslufifisduaiensds

4. Uiﬂ’li’l‘lﬂﬂ’]imEJ’J‘?.IENﬂ‘Uﬂ'J’]lI‘VIﬁ’Wﬂﬂa?ﬂﬂ’]ﬂ‘lﬂﬂ’ﬁ"ﬂu%“La

5_/ Nemertea Rotifera Chaetognatha Chordata Arthropoda
Vlg La‘h/lﬂ Entoprocta %4 michordata
T AV — =
Uszwnelneogluiuniou z}\ .
K Annelida
(Tropical Zone) B
RE
g , Echinod tsegr‘-ents o)
Felangla 11NN 2,600 km chino ;, Mollusca
LazLNIzUIAAI1 800 LNy Psd\docoelom g |
Deuterostp
> o
= 2 umaEyns 1 Useine An Imems >
o s & an pelomate Non Lophophorafe
> URBLATUMAUNTUUTA -
= Al Protdgtomes
> z ; o I ; - Bilateral symmetry Non-segrfients
j ﬂﬂ@gUuLUa@ﬂWLﬂqLLﬂLLﬁxlluﬂﬂ S|puncul|da
m .“/ (Sundra Plate)
> 2ivan Ny tissue Lophgphorate
Kt ket .'i il
."”§\ ﬂ']']ll‘Via'] ﬂ‘WaWEJ‘VI'N |Ance5ter protists
Ko ot a mi
P i Il Marine Invertebrate Tree ‘
MABAY]| AUSTRAUA PLATE 'S Ectoprocta Phoronida Brachlopoda




a a 2

PYAINY1VDINDIU

- Multi-cellular animal (Metazoa) \r-\\ p
- No true tissue (parazoa), "‘”‘“;;’

no organs, No nervous system Lol

pre=r g4
- Three types of water canal system ij \}

roroeTe | N

- Filter feeder 5

_ . . * =y
Spicules and/or Spongin fiber i **) ™ )
——

are main skeleton
- Sexual and Asexual reproduction .,
- ~ 8,000 are extent species

and more 900 genera are
fossils
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Body plan and choanocyte

Aquiferous system

Seueebdeo.columbia.eduw/dees/ees/ life/slides/phyla/sponge gif;
Hifgorona.eps.pitt.eduw/www GPS/courses/GEQ 1200/lab3/structure.htm
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symAvNEITS (food porices) seumlulurmadngan (collr cel)

sgiulaviaveas (cel body) ussvcqnoaelaminuainles (food vocuole)

e http://www.mesa.edu.au/friends/seashores/sponges1.html

v
o

nisanaziranaIuNagAy

Totipotency
= msidsunlasting
YA

.merior | Interior >

*Tiuﬂ:http://www.ucmp.berkeley.edu:80/ponfera/pororg.html
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MEGASCLERES

PAAE T+

Triaxons

R

Tetraxons

G — ek
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Polyazons Tip of

wunuasth (Spicules)

wulewasii (Spongin fibers)
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sunsemsiaseyiaula

Way U gt
& & W

U2 7 e e

@ & @ |

n13duug (Reproduction)
- Asexual reproduction - budding, gemmules

n13duug (Reproduction)
- Sexual reproduction
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- ﬂﬁl’)Lﬂ']"ﬁlﬂ (Se55|le anlmal) - Solitary or Colony
- wummammuuqmu GI\?LLGI‘IJ']EJEIQVIuLﬁﬂQVIuLaaﬂ

- nssruuivawurasimsadudnfudaiy

- Wiyivladuazanydu 8199z 5,000 U

Parenchymella larva

Trichimella of Hexaactinellida

unumlussuuiivg

The first farmer in the sea: anmiamwn%ﬂan
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Wosduuvdsomisvesdninzia
TR p— :

Joruna funebris

Blue sponge, Neopetrosia sp. “blue”

Vacelot & Boury-Esnault 1995 Chondrocladia lyra

esinJuwnasenmsvesdninzia wWoshiidudins : egamfvamenzia

—— . - 6"

. 7T RN |
Leather sponge, Chondrosia reticulata (Carter)

Green sponge, Haliclona (Gellius) cymaeformis
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WQauﬂiniﬂu Aggressive sponges

&

Purple sponge, Haliclona (Reniera) s

Fire sponge, siemna tubulata (Dendy)

wasuisda (Bio-erosion sponges)
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Aslduselevdainwasin (Sponges as human use values)

uAaduaznisanues

wasinluundsansuansnaisssuyAinimeia (Marine natural products)

i isolation and]
cultivation of |
icroorganis

known compounds

isglation of
% new
iQaturaa‘

uctir”
R 77

ise/bringmann/fields_of research/marine_natural_produ

1 NN

A N
=Sthucture | |
elucidation

(NMR, MS, €D)

tgsting for
biological aefivities

http://www=organik .chemie.uni= def)

voshuundsansnaninaisssuviAnimeia (Marine natural products)

"Potrosis’
ficiformis

Petrosifungin A

©)k o
S Daminin

HO o o
S °\/Y
e
H

Isoemericellin

fungus isolated from
Ircinia spinosula

nttos//sevww=organik chemic uni e/ itskreisc/brinemann/ficlds of rescarch/marine natural produ

uvasAnwnAe sruuiinanimeaiidadny Tdun manse
maAu Uneiau Wrasmg vz uwuUznis Nuvromeuia
uenwsils uazdsnoadefiuyudadiatu sudmainvi
WisuiseUszas




8/16/2014

= 901
wuasAnNINaIUI

& .
Y ™

uvdmgimzia MANT1Y

R " -
LE@nazWILiguSe dewiuuan yindusenIuy

A13d15InazAUAa819W 91N

o

- waqﬁ%ﬂuﬁmimsaﬂagjﬂuﬁ (Sessile animal)

- wuihludsusnedduambiuthas aufsiuiomeiedn
- lulnSounuliauraINaIeneTININgININ

- fianuduegluynssuvinavemesia

o

- fingRAnssuvanuany WU eg3miudnidu (Associated) ¥ou
was (Expose)  liiwauuas (Cryptic) L3 Tuaguuiuf
(Excavated) K482 (Burrowing) “1a*
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‘ n15d1saazAUABENIBsLn ‘ ‘ n1sdrsraraziufag1anasiin

BUUYAUKES (Expose) uuulivauuas (Cryptic)

‘ a1 (Sponges) AULWIEINBY (Ascidians) ‘ ‘ mMsiAudiegaleain

L3

- aUnsallAUAIDEN

- fadmsusinnestn Aounavan
9
9

- NITANHAUARIDYN
- Qedlegna

- nRpsEne gy

- woanaged 70%

LVl
- aneduiin
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- wenganfiusareahulirlaviafounesi

- lidheganeaheglulmeianaanim

- ugnwesiusarimegrslugeduiietesiv
msUuouvesalaa

- theguneauayiuiogende

nsduiindeyaietiamani

Data notes:

- Date & Time, GPS

- in situ photography

- Habitats: depths, types of habitat, substrate
lisht exposing, etc

- External morphology: growth forms, surface
features, oscule distribution, consistency,
coloration, etc

nasegaaniiluneanagad 70%

‘ nuluiaslfianis

Microscopic studies

- Tangential and perpendicular sections through sponge tissue

Tangential section

Perpendicular section

‘ nuluieslfinnis ‘

- Spitutesgateparation: cook in conc

EEEANS -5 v s
Biadshe amd centrifuged
digtities! ina@6f/and

&Btohol, and suspended in 9
alcohol

8/16/2014
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‘ nuluiesdfians

ndes 909133 AIBIaAATOU (Scanning Electron Microscopy, SEM)

Sample

N5 UNTLAND U

Btder, Family and Genus level based on  Bodger

206zt, Systema Porifera and Termology and glossary
RoRanztdr BO2PY-Esnault Thesaurus of sponge
morphology.

At species level based on collecting references

nsiuunngunasi

Calcarea - Wasuiiuyy

Homoscleromorpha
(Wosthituls)
Demospongiae
Rock sponges (Lithistida) -

Systematics of Porifera ‘ ~Freshwater sponges

1= silica spicules; hexactine; syncytium; sycon or leucon type
2 = porocytes; transport of sperm to egg via choanocyte

3 = calcareous spicules; no silica spicules; 3 types-ef water canal

4 = silica spicules; tetraxon; spongocytes&spongin fiber; leucon type

5 = silica spicules; no megasclere

sbiipe//www.biology.ualberta.ca/courses.hp/zool 250/Clades/clade03-Porifera.htm

Class Hexactinellida: Wa41uAa
Glass sponges) ;

11



Deep water glass sponge from the Andaman Sea

Aphrocallistes sp.
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Class Calcarea: Was#iuyu (calcarous sponges)

Lo .
£ 7k 7 e N

vosuhuyuuaiuduna, Sycon sp. “white”

N

wasuiuyuvieduna, Clathrina sp. “white”

Class Homoscleromorpha

Order Homosclerophorida, Family Plakinidae
o ™ T -

wosunulA, Plakortis communis

Diods

12
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Order Homosclerophorida, Family Plakinidae

N Wi

s

Ectosomal and Choanoé(gmal skeleton

Plakina monolopha $8B0lze, Plakina monolopha Schulze, 1880

|O&rssospongiae: Demosponge | Order Chondrosida,
T""E — | Family Chondrillidae

Chondrosia reticulata (@86agr,

Cross section

13
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Order Chondrosida,
Family Chondrillidae

Spheraster

Order Chondrosida, Family Halisarcidae

- Choanocyte chambers tubular and branched

Halisarca ectofibrosa Vancelet et al., 1976

Order Astrophorida, Family Ancorinidae

Stelletta clavosa (Ridley, 1884)

Ectosomal skeleton

& i y |
% Oxea Choanosomal skeleton

Anatriaene  Tylaster

Stelletta clavosa (Ridley, 1884)

14



8/16/2014

Order Astrophorida, Family Geodiidae

Sidonops picteti Topsent, 1897

Order Astrophorida, Family Geodiidae

o o Jam)

Ectosomal and Choanosomal

Oxea & triaenes
skeleton

Sterrasters

Sphearochiaster

Sidonops picteti Topsent, 1897

Oxyaster

Erylus carteri Sollas, 1888

Order Spirophorida, Family Tetillidae

o W

A
elenka, 1867)

P;zratetilla bacca (

15
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amily Tetillidae
[

Order Spirophorida, F

E / ”

¥ 4 E 4

Ectosomal and Choanosomal skeleton

Calthrops-like shorted-sharp triaenes O

Paratetilla bacca (Selenka, 1867) |

Order Hadromerida,
Family Suberitidae
T,

Terpios granulosa Bergquist, 156‘7

—
Tylostyles

Tylostyle base with quadrilobate condition [§&

Order Hadromerida,
Family Tethyidae

Ectosomal spicules

Order Hadromerida,
Family Clionaidae

Ectosomal and
Choanosomal skeleton

Spheciospongia congenera (Ridley, 1884)

Ectosomal spicules

16
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Order Lithistida : Wasunauiiu

- o

Order Agelasida Hartman, 1980, Family Agelasidae Verrill, 1907

- contains 2 families with 6 valid genera.
- reticulation of spongin fibres cored and echinated by verticillate styles,
occasionally including verticillate oxeas.

Order Poecilosclerida Teg8ent,
- main skeleton composed of megascleres and spongin fibers in
various stages of development
- microscleres chelae and sigmas and other diverse forms
4 suborders with 20 families, 129 genera and 50 subgenera;
highest diversity, more than three thousand species

Suborder Microcionina, Family Microcionidae

-

Clathria (T} dlysias) réinardti Vosmer, 1880

17
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Suborder Microcionina, Family Microcionidae

Clathria (Thalysias) toxifera (Hentschel, 1912)

Suborder Myxillina,
Family Crambeidae

e p ’

Monancom unguiculata (Dendy, 1922)

=

Choanosomal skeleton

unguiferate anchorate isochelac

Suborder Myxillina,
Family Totrochotidae

T

Ectosomal skeleton

P g
Choanosomal skeleton

Birotula iscchelae

Suborder Mycalina, Family Merliidae Kirkpatrick, 1908

Merlia sp. “orange”

Clavidisc and subtylostyle

18
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Order Haplosclerida Topsent, 1928
- Aniso-or isotropic reticulation
- Megascleres: shorted fusiform oxeas

- Microsclere: sigmas, toxas or trichodragmata

Suborder Haplosclerina,
Family Chalinidae

Cladocroce burapha Putchakam, et al., 2004

Choanosomal skeleton

Suborder Petrosina,

Family Petrosiidae

Xestospongia testudinaria (Lamarck, 1815) Choanosomal skeleton

Suborder Petrosina,
Family Phloeodictyidae

Oceanapia sagittaria (Sollas, 1902)

Ectosomal spicules

19
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Suborder Petrosina, Family Petrosiidae

Neopetrosia sp. “blue”

Suborder Spongillina, Wosthiin3a

Family Spongillidae, Spongilla.sp

Order Halichondrida,
Family Halichodriidae

Order Halichondrida, Family Axinellidae

Choanosomal skeleton

Phakellia ceylonensis Dendy, 1905

20
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Order Dictyoceratida, Family Irciniidae

- Fine collagenous filaments present in addition to the fibre skeleton

Ircinia mutans (Wilson, 1925)

Order Dictyoceratida, Family Thorectidae

- Fibres marked laminations, Choanocyte chambers small, spherical

Hyrtios erectusKeller, 1889)

Order Dendroceratida, Family Darwinellidae

Aplysilla aff. rosea Barrios, 1876

Thank you very much for your attention

Sponge love you!!!
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Wil 1 é’ﬂwngﬂmqmiLﬁﬁiyLLazmﬁﬂﬁﬂﬁaﬂJaﬂWmﬁﬂu Class Demospongiae: a) Arborescent;

b) Areolated; c) Caliculate; d) Clathrate; e) Clavate; f) Columnar; ¢) Conulose; h) Corrugated; i) Digitate;
j) Encrusting; k) Endopsammic; ) Excavating; m) Fistule; n) Flabellate; o) Flagelliform; p) Hispid;

q) Honeycombed; r) Infundibuliform; s) Ovate; t) Palmate; u) Papilla; v) Pedunculate; w) Pinnate;

x) Repent; y) Ribbed; z) Rugose; aa) Verrucose. (AawUasain Boury-Esnault & Ritzler, 1997)



wHuA i 2 vnunoai (Spicules) vasowi Class Demospongiae: a) Acantho; b) Sanidaster; c) Amphitriaene;
d) Calthrop; e) Diaene; f) Anatriaene; g) Dichotriaene; h) Mesotriaene; i) Monaene; j) Orthotriaene;

k) Plagiotriaene; |) Protriaene; m) Centrotriaene; n) Exotyl;  0) Lophocalthrop; p) Oxea; g) Style; r) Subtylostyle;
s) Strongyle; t) Triod; u) Tylaster; v) Tylostyle; w) Tylote; x) Verticillate; y) Amphiaster; z) Anchorate chela;
aa) Anchorate chela; ab) Anisochela; ac) Arcuate chela; ad) Anthaster; ae) Birotula; af) Commata; ag) Diod;

ah) Oxyaster; ai) Spheraster; aj) Spheroxyaster; ak) Strongylaster; al) Truncaster; am) Onychaete; an) Palmate
chela; ao) Sanidaster; ap) Sigma; aq) Sigmaspire; ar) Spiraster; as) Sterraster; at) Plesiaster; au) Toxa; av) Raphide,
Trichodragmata; aw) Rhabdostyle;  ax) Clavidisc ; ay) Strongyloxea (AntUas31n Boury-Esnault & Rutzler,

1997)
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Figure 3.5 The Gram stain. (a) Steps in the Gram stain

i e e dure. (b) Photomicrographs of bacteria which are
g wath 1007 Dtyective (‘nm -positive (blue) and Gram-negative (red). The species

Figure 34 Staining cells for microscopic observation, 37 Staphylococeus aureus and Escherichia coli, respectively.
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Sources of Chemical Diversity

International
|z US National collaborations Culture

Cancer Institute l collections

Sources of Chemical i ) <)(
Diversity )
Cyanobacteria

Microalgae

Marine e Marine
bacteria Marine fungi
invertebrates




Generating Chemical Diversity

Extracts are Complex Mixtures of

Marine Products

Compound and Extract Diversity

Collection/Taxonomy
Curation/Informatics

Library generation

Crude extracts

e Purified extracts

anjea Aeigp]

Libra;y size

HE |

Marine Natural Products on the market (January, 2004, http\ \:www. 1zirdisiiia

Chemical Class Application Original Source Method of Production References

Product

Shimomura et al., 1962;

Bioluminescent calcium
icator Chiesa et al, 2001

in Recombinant protein

Sellyfis!
Aequora victoria

Nucleoside
Ara-A, (Amino-6 Beta-D- Antiviral drug (herpes Marine sponge Microbial fermentation of  Sera™ar & Feeney,
oh- infections) Cryptotethya crypta analog logg e el
Purine)

Ara-C,
(Cytosar-U, Cytarabing)  Nucleoside
I cell-phase specific, (4-amino-1-béta-D- Anficancer drug Marine sponge Chemical synthesis of Bergmann & Feeney,

Pl pecific, (leukemia and non- 1951; McConnell et al,
actingin the S phase o arabinofuranosy-2(1H)  {jogerle i S Cyptotethya aypta analogue 15l 3
kill cells undergoing DNA ~ Pyrimidinone)
synthesis(commerc:1972)

i Molecular probe: selective
Calyculin A Polyketi Sponge Extracted fron the q
Iyketide inhibitor of protein Kobayashi M., 2000
(AG Scientific) e o Discodermia calyx sponge
: Antibiotic (antibacterial  Marie fungus Semisynthetic antibiotic
Cephalosporins s, B-lactam by inhibition of Cephalosporium derivatives of Newton & Abraham 1955.
(commercialisation: 1965) mucopeptide synthesis)  acremonium cephalosporin C
Formulaid® i Fatty acids (additive in 5 i
Al Fatty acids R o very | Marine microalgae Cell cuture: ESPGAN, 1991
Green Fluorescent uminescent
Protein Protein Reporter gene jellyfis! Recombinant protein Chalfie et al., 1994
(GFP) ‘Aequora victoria
inic acid , found mainly

(commercialisation: Early | Amino acid Redaioa near Japan and Taiwan. | Baslow, M. H. 1969
1900s) @
Limulus Amebocyte
Lysate De‘“.”f” d°f fg"g“""f‘s Horseshoe crab Amebocytes of the Levin, J. and F.B. Bang,
( associated with Gram: Limulus polyphemus horseshoe crab 1968

)

negative bacteria
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| p@ISSI Iabdna’euLN, USY Nolwsaisena, S3ssmu Guud@an iia: 358 Sias:na

dmuudngehdasnonia, UKIINE1asuswa,

Primary ¢ > & Ticrobia
. k.
productivity

V' Medical Y Decomposition
science 4 & degradation

High biodiversity
99% unexplored

Sponge
+ High Biodiversity, Bioactive compounds were isolated 10,000 species of sponges
+ Sponges are filter feeder organisms, their feature are secure habitat
for other symbionts

- m sponge revealed the relationship between
onges a eir symbiol

Gammaproteobacteria

Figure 3: (4) Cross section of the marine spange Tethya aurantium (Sea-oranga),

(B) The phylag c trae of g, P taria demonstrates specific association of different bacteria
with the interior (shown in green) and the axterior (shewn in blue) cell tissue of the sponge, (C) + (D) elec-
tron microscopic exposures (REM) of interior (D) and exterior (C) parts of the sponge.

Electron Microscope: Symbiotic bacteria-sponge

Center for Marine
Bioactive Substances

> 6000 bacterial isolates
Purified and partially
characterized >2600
strains

Input information of
into

database

A password protected

database

Transferred
“species” into liquid
nitrogen

10
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NISHENLTALUANLE

IN81¥OUHORI medium plates (yeast extract

0.1 % , proteose peptone no.3 0.1 % , phytone
peptone 0.05 % , Na - thiosulphate 0.02 % , Na -
Sulfite 0.005 % , Fe - citrate 0.004 % , 90 % Sea
water , and adjust to pH 7.6 )

VRENTIRMUYN 25 C 5-7 U

msuenidauuafiideldiuigna

A1sLAudIatineing Scuba Diving
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1 weing Aael E0AC/H,0

Et%)Ac Hz{)

SiO2 column(CHCI3/MeOH, 9:1 - 1:1)

Pentapseudiline (0. 0002% wet wt.)  Violacein (0.005%)
d N

Br. Br

Br

Contignasterol

G 2o
|
CHy © AL CHy CCHyO

Dolastatin 10 (R=H) Symplostatm 1 (R=CHjy)

Okadaic acid

Drug from the sea (N.Fusetani(Editor)Kargel, Basel 2000
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Marine Natural Products under clinical trial (January 2004)

Compound name Origin Supply Discovered Developed by Biological Clinical
Activity Phase
Univ. of lillinois Phase Il
APIDINE Aplidluim albicans Chemical
(UsA) PHARMAMAR(Spain) Cytotoxic
Depsipeptide Tunicate Synthesis
PharmaMar
'YONDELIS™ Ecteinascidia Aquaculture Phase II-Iil
Univ. of llinois
(Ecteinascidin-743) turbinate /Chemical o, PHARMAMAR(Spain) Cytotoxic
Alkaloid Tunicate semisynthesis
Bugula neritina Recollection/ Antitumor(modulato | Phase Il
BRYOSTATIN Arizona State | GPC Biotech(Germany)
Bryozoan Aquaculture rof protein kinase | Esophageal
Macrocyclic lactone Univ. (USA) “therapy trials.
(Pos. bacterial origin) | (Bacterial C-PKC activity) cancer and
DISCOVERMOLIDE | Discodermia sp. Chemical Harbor Branch
NOVATIS(USA) Antitumor Phase |
Polyketide Sponge Synthesis (UsA)
Axinella sp. Arizona State | NCI-Approved California Cancer
ET 389 Antitumor Phase
Sponge Univ. (USA) Consortium(USA)EISAllnc.Japan
HTI-286
§ . Phase |-l
(Synthetic Analogue of | Various species of Univ. of British
Synthesis WYETH(Spain) Antitumor Non-small cell
the Tripeptide marine sponges Columbia(Cana
lung cancer
Hemiaste rlin)
IPL-576092 Univ. of British | INFLAZYME Phase I
Petrosia contignata | Chemical
Columbia(Cana | PHARMACEUTICALS Anti-inflamatory Oral asthma
Sponge Synthesis
da) (Canada) AVENTIS(France) therapy
KRN7000 Univ. of Phase Il
Antitumor
(alphagalactosylceram | Agelas mauritianus | Chemical Ryukyus Pancreatic
KIRIN BREWERY CO (Japan) (Immunomodulatory
ide)(Agelasphin synt. | Sponge Synthesis (Japan) Kinrin cancer, Solid
no cytotoxic)
anal.)Glycosphingolipi Co (Japan) tumors.
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What is actinomycete?

Funuafiduunsuaniilsnm vae G+C g
Gram positive bacteria having high G+C content.
- fignaniuduly adados, ==

(Filamentous, fungus like)

Saunsol f33yad
Rattanaporn Srivibool

Institute of Marine Science, Burapha i P
University g i |

inlusesflunepiluledn

Why Actinomycet

@ Juuwmasresasue
urce of antibioti

Antioxidants

" Intrasporangium
SoU s
V>
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FrsuaudluTadin 15 Antibiotics fiuaafi Tuliagndsie

Antibiotics
) ) fadnwasirsuaudlulafnfidsran uaaiTudiodn
Jumudrmdenll Tasdszano Adsndidinde q ude I a.d. 1994 (Hopwood et

aR000)
- -- - - - - 15 Antibiotics d519910

wiaindgse  dsuaudluTafin  dsaangnadinimdug  sauanne dsnianinbisangnd .

-Streptomycin Streptomyces
wwafidudu g 1400(12%) 240 (9%) 1640 (11%) 2000-5000 K ;
uandTwiudn  7900% (66%  1220% (40%) 9120 (61%) 8000-10,000 Kanamycin Streptomyces
a 2600 (22%) 1540 (51%) 4140 (28%) 15,000-25,000 _Vancomycin Amycolatopsis
FRTNA 11,900 (100% 3000 (100%) 14,900(100%) 25,000-40,000 ) o

-Rifampicin Streptomyces

-Gentamicin Micromonospora

- i - i
1 ‘ References: Miyadoh,1997; Williams et al., 1989 w4 )
i
§ | §
I Vi " R O
. \‘ .4 g J / ‘ J
R _ / i _
ao o o P P 1 v,
wen ludednwu il lusssuan® : fiu i (wdvi nea Aznewfiu
nzi) futhlll snite sssumiiau 4 ity
3 Tu 4 dangasinlan uiui  widvlnaanmedefitonuuenituledn
PG
&
dunes
SWash  preakers
bem 2
shoretace
Beach Profile
| fl
. ; 7 {
4 b |
N » )
4 / 4 /
il / | /
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A8msusnida

AUIULLLA laifiesnns uazns

{7\ f_\ n9daUNL TinAaIanssFt

uanATwingviiduuau

Actinomycetes #vinWiiThudauaaniuduu

P r
38ms dsadeuuaumzida ( Streak plate)
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8N ﬂﬂ’ﬂun’]‘iﬂi’]dﬂ’ﬁll.’ﬂuﬂ1ﬂ‘|:’ﬂ ANUDILTD

INAFUNT a9 A SLa A Ty

3¢ (bacterial test strains)
STR

7
& a > al a
mimmﬁvmﬁ‘uﬁmu’mLwaﬂﬁamsuaun‘lu‘famn/
Saad
nshidan
_—
wnmdaliadguy
AuemsTimazan
Anti-MRSA |
U f
afndaasavh o !
azaneduvidd
i
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mslddszTanianuanitutedn

P

-ansuaud lulefin- Usslamdimemauwnnd uazindainen ansfinuaduvid fu
IRANTIE
R ey
23R Aing  amnsnriunindiantin +
- ansueuRieanduawd (asinuenyadass) /
ansuewfeanduau iiludeunanluiresdnened ennsidiu

1 @ ac @ v
msldiszlagiansaadng (pigment) Fuandludednaiiy

- ansaanidusandngdindlentin

- dhunan lunnsnuieing ) iu g9 irasdnenss
a1 o ‘ a ey X

- Anlaiugunse wu ansualafiuess Muanewnsld

9

SM 15-1,
5,000X

SM17-4, loop
spore chains.
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e

SM9-8, with spiral spore chains.

CH 51-10 ,with loop spore
chains.
18 e 1

P V& = / /
i { i /

SM2-25,with straight spore chains.‘,

SM17-1, with loop spore chains.
giEe )
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CH51-10, with loop spore chains.
7

SM9-8, with spiral spore chains.

15kV X10,00

CH51-12, with straight spore chains.
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DAP Determination and Sugar Analysis
.
LBLL T T 1T ' [
std Samples
L4 *
> y
o LRLL LTI
56-4 Vd — |
Std Samples .. /
e V8
/

std .
Meso-pap 151

.

| / Al




unidPiien1s MsAnuenITaLaARLUNETN

AENSHENEa LAUALBENS LAZNITATIARDUNNAUFIUINEN

a A o o

1. mnnuseg . nusetneRuantasausne felusandnduns visedanda lndiae Tnaiuainiiauiin

]

' £ '
= )

Auanaslidszanns 5 cm AutBnanlndsnie washuiidsanluls iletinnueni@enn Actinomycetes (

UIEN)

2. AMsuENL@a Actinomycetes ANy

2 tvirietheAunnaautaii 2 dau vhdauil 1 1 pre-treatment Tmm@uﬁ?‘ifqmmﬁ 1008ALTATEIA
e 1997 uazdenasinsmuuii 1 nfu nauasli sterile 9 ml. el uazililnansazanaatng
Auannagadit 1Bunns 1 ml. adlunaenii 2 A sterile 9 ml, ¥ dilution 10 4 10°

2.2Rugaufl 2 11ifin 0.6 % yeast extract uaz 0.05% SDS meﬁﬂﬂ@uﬁqmuqﬁ 40 BNANIANTER

e 20 wikazdasnesinamuliie 1 niu nanasluin sterile 9 ml. wein iy waztlilnansazanssiaasing

' ]
a a

Auanvaant 13u1ms 1 ml. aslunaand 2 A8 sterile 9 ml. i1 dilution 10 ™ D4 107
3.3 thansazanada 2 d@aulaeiaenanudindufi1o ' - 10 w1 spread plate U1@11NT Strarch Casein

Agar waz Humic Acid-Vitamin Agar Ine/ldthilngaasazaiasn 0.1 ml.

k7B
9 1 A A

4.4 thlldungunmengnuugdl 32-35 asrgaitea waan 7-28 du
A

5.5 Wamaiasnyaanialaliiiuuas Rouazaauaga9vnn streak a9UUAMNT Starch Casein Agar (e

o

wenIeLsgns waztilungoumni 32-35 avAaadaa s 5-7

o A dd‘ v Y =2 = A Oy a 1 v ay al o A A
6.6 AnLaanlalatnasaudule NULAIATT U198 LN WKL HW WA WASLEIH A4N AUAIANTRA

A dld o % o dl A % o o A dd‘a ¥ 1 dldal ° Y a Qr
AABANNHANT WS ANNE Auzuel e pdaulsdndviralalatindontineu V]‘IJ%U%“]’W%@WM’]?N’W]’WIWU?@;V]ﬁLL'Z\l?.Z

] = Yy a . ° oA a = | v & o
fNETaAILUNMNSTILBEN Starch Casein Agar W liliinfiguugd 32-35 asmsaiea Wioad 5-7 Juiuinm

1% NgrungRties ensmsaadeuAmaNtANINdg1WIne waznmagenluduneuselyl

3. NMENAKAUNNAUFIUINEN
3.1 nsAnendnenzaeadule uavaeiveade Actinomycetes
1. 14 loop L?Jlﬂﬁy@ Actinomycetes TN streak AILILANUNT ISP2 (Actinomycete Isoaltion
Agar) 1‘171‘1/1;“3
2. inszardaaladfisnideudannadeuadllusemnamnag 45 een aidua

3. i lutnfigoungi 32-35 avaaides uoan 7-14 54

al

4. tnszantlagalasnid@sulBunfianunsy udarhlinmagansuzassdulouas duarsalad
anwnzaasalawsa@Rey (§18) nalfindesaanssad

3.2 via @Nnendesn laladl wad uanoalled Wuly lileansannelfindasqansaeil



nni 1 adesnatnaiuduaneanadnenizsing o) A, Rectiflexibiles, B. Retinaculiaperti,

C. Spirales, D. Verticillati, E. aerial hypha Auansiniduvien 7un: Miyadoh (1997)

A

nwi 2 fAinugailed (sporophores) wasfinugduaias (sporangiophores), A. finugatlesiuanuausnes
Microtetraspora, B. Anugaileinila umbellate monoverticillate 984 Streptoverticillium, C. Anugdualasuas

Planomonospora, D. finugduatlefinen |aeq Actinoplanes (1aanedulneiauinsnl Asiyad)
Reference:

Miyado, S., Hamada, M.,Hotta, K., Kudo, T., Seino, A., Vobis,G and Yokata, A. 1997. Atlas of

Actinomycetes. Asakura Publishing Co., Ltd. Tokyo. 223 p.
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WwalAMSINm

@

o wallamsane wisdesldmuaaruzaasdiazanaiilfanamseail
> mailn liquid extraction sanaflureuvan

> maila liquid-solid extraction w3amaila solid phase extraction,
(SPE) asanailuyauia

> waila gas extraction ansanailums
waHian5ane (Extraction)

Tog @5. shs5a Yaudan

Tasanadhomassdamia

NMSEINOMILAINIBEAIY Liquid-liquid extraction

o Yo o a = v o >, o a PR
o hlalaalddvhazanszaavarniioniia aNANIYNITIYDDNAN mstlaeiu Msiinan1Izdsiagy (Emulsion)

reavadnglionin (anmsanaili liquid-liquid extraction o wAmdemsE i aRa g spEeTILEe

o ldmnsazanaiianan lunsane

NTULN
YDINDINHAN I

a oo y “ -
o inasusznaundaidunas (1 indeluden
AeBl56) LBLANANNINUWLLYBND Uaz
wasuulasuseiein
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o §198uAIAB Prodiginines AgnNNUUATIGansai

msanamatarasimeta

o aumannvanalumsaananimsianw:
#1594 (Pigment)

o L v antibacterial
» @sidfivangnsNEIMNTAIE -
- v as e %

aliagnaunNnuuaTiGanzawne v’ antifungal

#ila Hawsnldnnduavnau hnsa . : % u
v' antimalarial

amhe uazdninea
v antibiotic

gy v & oo o - a
L ﬂmﬁ““\iﬂﬂ\\lﬂﬁ'\ﬁ"lllﬂtﬂﬁiilﬂﬂﬂ
Anngaunsdiadudildnnsssna

afianilaniienld

- o
1583029 violacein fiuanNLUARSENzIS ©

Gailu@uLan ) udde Methanol Hals

menuazadaninardiidinauaan |
24 Filua

v antiviral

(i 3 af1)

| N32UUNTEAIUNTDY |

v' antibacterial

v anticancer

Hossumduazddaanzd gmhlulglugasmmnssue ems

darh 2a9l% dasshans uazndadnsidu 98nnnune

o - A @ o
MIanAaIaNINUa AR LuNaTnN

R CAECELRE]

PRI - PR wmuaa
gasuaniuaindn AAAEIVLNNIUEA 6 mL N384, 86 3 9 I

MgiasaenauANNdg

11 (v/v)3 AR | | aanald uenau |

yhliuradouda
Tulasiau

sumgdnazaIean

PR P— - O : 7z —
aaiald uandu anauandiu szwing MLl a sy MgV ma gl P
df\/» Wih-t@Baazditon 1:1 (v/v) )
- eiAsBesHIMEEs
Y — iaieshand Fanma
‘imﬁmawﬁaazﬁmw ‘ » | sumeliuda | » mhiimaund
Tulasiau
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M3anmala(Lipid extraction)

NNTILDAR LUNBZAN

ala (Lipid)

> anuimwthmudtameluladfamw (lipid biotechnology) Ha%iu
2e19TI015)

can

> enudasmsldudafasiataaauanuhiuudsznnslan lagldgn
ihll#Usslemilugaenunssumnalulagdammen g

" GIUWAINU D1T BIMNSERT LATeEaN

= udadnas g WuasHda Ao lEluEiaUszhiu

mmﬁmﬁ?lﬂmn@ﬁw%ﬂ’ w3aN3ani Single Cell Oils
(SCO)

msuandtauuiitadefinasimilvaradsems :
* MsAeuenuaziEaNaYRUGIAUNTT
o gllauazSnawansaluiuuazdlamelumed
*  AMIEMIWIZLEES
¢ FBmsanedle
- p I
* mlnnsigunnesIkdaiuiale

o gunulumsuaa

Maddauaniluisin
analavlad : imuaa (2:1) analawlad : imuaa (2:1) wmuaauaziiegii
20 mL 20 mL 10 mL

[ ugazasslaiiian 30 i ]
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[chtlaﬁasa1ﬂﬁ1&i’tssiazﬂ%’ﬁm‘luﬂiwuﬂn]

&

O

inasaras w88  lwunadeneaalse (KCI)
1/4 vaalSinasasazanailannmsann

wiszanm 1 il Yaaslvuansu

%
dUUY

anadieg AaalsWasy - BHT
% mL

[ sue@nhazaeean lagliladasnausumemsiuuunay ]

O

[ suuddlulasiauaslunatunan ]

@

[ vuimhwinasanaate ]
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a%aaasz (Free radical)
- s Lo o a 19

ﬂ”li’]Lﬂ‘i’]x%q%ﬁﬂ’]ﬂﬂﬂg&&aﬂﬂi: DPP
(DPPH radical scavenging assay)

a I Saa & a « -
o ayyadaszilumsiiiddansaudaszaglnauanyasaznannia
Taana Jashlumsdnigasn

v oa g - v oo o @ -
o Tpgsuddansaunnansau qlaatass mlveuaasdssiv
- v o o o Hg va & Y oo & ' v
o vasdeduiimhldssiliddansenliuidididnasaubiasug
wmﬁmmmfﬂumsﬁﬁmw‘gumﬂﬁ'

Tasanadhomoassdamaa

aUNADAIZ
IY

aUNADAIZ
Y

(Free radicals)
Ao &

. agagaﬁa‘i:ﬁlumiﬂwmaﬂmauﬁ as:a§1uaauanwaaasmamw‘§a
|—I Taana Jashlumsdigisen

Vo o o 0 o a § v ' %
unaanan Tsafiientas « Taasudidansaunnasau qlnataes deualinuasadastu

- v So o o Hy va & Y o & ' v
o vasdeduiimhldssiliddansanliuididdnasaubiasug

MMy o, : >
> 5> Tawm auaanaaiiuasifienuguusdls
= fennnszuaumsinuaddalusime / 3 Tanzt

Wennmsihauressszuugiduiuaas P
Lo o > lanaaadanila
TNMeNiMIaTNeYyedTEIuIN

> Tsaunnawia

S>> lapiiduidoun
> bamdhudy

- N & 4 o Py
Sseiiuazduilauiniuanmednimels /

[
=)

asnuye 598 atuyns ufannnelads

msindewngd wiafieanmsthen
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@156uayyadase (antioxidants) TassnInsns il (Chromatography)

& a o an A oD v v o
o Jwnaiinmsuenassnioniiniondavanmsazasvasarsluairh

> ayyadaszaansognmanniasnaNguLs MBI TR e ) L
- azane wazmsanaatulasdmeaduldlivhiy vhldmsedeaudldli
ayyadase - v v
Wi
> sstusyyadaszanansoduivayyadasy uaaiadu ‘
ounasass lmifiaissn dealinaaeasmsiio o asiarianuaznszneiiagluigmaiis (Stationary phase Wiae
mj;aﬁasﬁ’ﬂmﬂé’ ’ @adu uazigmatadauil Gnobile phase wiadvhazaaldlaiviiy

i} a oo oa o PN v o P P v

o msertieAuiumehuigmaiesnmniuigmaiadoudlel

PNV PN %
WIDNAUWNANITUYNYU

P o
907U (Adsorbent) »2%% (Eluent)
o e o o ooy w s Thnthias ationz as
o geduudassiiaiianuminsalumsgeduarslivunuiildaiy s MW MMNNIZAIIFIPANIIN Stationary Phase
dgatuiilainsagadumsiinalddnhanshidin o dedianumansalumsyzansimeanudiiuand iy
R ] = @ aad - a 4 o v g
ashifigaTegnazaansnnaumsiie o duziiitigaemasifeunnaiiandouilulii

o Y 3 ] R

o gnfidzzfiindmasmasigngatuiaesaninnay
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Uszanzaslasinlans il

o Tasinlans® wuuwsuuN (Fhin Layer Chromatography or TLC
o Tasinlans# wuumeauyl (Tolumn Chromatography

o TasinlansW wuunszes (Paper chromatography

4w
#31: GOUUAIIIN Alessandra UdzAMy, 2002

weaasanauandlusisdnautiv TLC

< =

T
aaalsvlasy : muaa (28: )

< =

dasmelduas UV fienuenedu 254 nm

< =

1iuAIBTI8ZaN80.2 % DPPH
wuldiifinzo i

> arvshiiqadnitlunsiuayyadaszastnng uaadindacaguy

NuBaIdiIUULEY TLC




unujuanis
n3anag1s lasnnsuiuuie (TLC) uasqnsduayyadasy

108 A5, 5975504 TAUARN WNNWN ASUUNSUT AT, JUNSITA Taluzluf

MAFEmAlUlaBTIN NI @n1TUINGIMEANTNINE UNINYIREYTIN

nOUsTan

1. WieRnwnmsuenasnausedsnmsatauazlasuivnsfluduus (TLO)

2. AnwimisiigadansitegilaenisiUSeuiisudn Ry uazAnwiunuInves mobile phase
fiflsonisunans

3. AnwavSaueuLABaTEYesENTaiANY DPPH

nann1390INIsadnfe N1sldivinazateinunzanazansalsNfAIN1I8anNIINEITNAL
waz Chromatography umnaiiaffeuldlunisuenaisusazetineananaisuan nsvhasliuians
wagiiganasmaiulanieg WumelianeIveiun1snTeaevedans seninaninegiud (stationary
Y o a A Yy N a a A Ay v . PN
phase) 1UugAdUMARB DY VLUK ULTIVSOWNUNAERN Uazn1afilndoudld (mobile phase)
d‘ L U aa = U £ d' ! 4‘ d' [
imdeuNUAmInAdU Tun1suenanslagds chromatography 3901dBndniin a1sazindiouneananiuy
UU stationary phase Lil99291n8M5naves mobile phase wagiadouingdns UL lngansd
avaelddlu mobile phase uazgngaduldtioslae Stationary phase aziAGaUNlMS?
Solid-liquid adsorption chromatography agil stationary phase Wuvaauds Sonindaen
Y
U 19U 9aiiun ¥3e FAn1aa du mobile phase e1ailufieneveuvnainld nsueniiniliednn

aswazyiingnandulilasfigaduludnsilduinduiiuegiuiiuniivesiigadu diegravedlas

Y Y Y
(%

1Inng LuullAe Thin layer chromatography (TLC) wag Column chromatography (CC)

Thin Layer Chromatography tumefiafiazain 530157 arunsaldlandvasiieuyneda 39
Juideuldiuunn Tnenalduddenld TLC lunisuenansiigausiinuesans waznsnaaoundny
U3gvdilesnu lnsemzlunsdiiansduasssmesin vielidnuulies

A1511A1 R, ¥a9as

! =) ! « gy A v ! A d‘ a ! A o o
A1 R; 199A1 “rate of flow” A8 9NINAIUVDITLIENNNATLAFDUYN ADTLULNINNAINN
azangwnnoud lunsaildmpaduinesiu ldssvudivharaeife sty wavssuundnwegluaniiy

Y = 6

Wi ansnilen agdia R, AlaNe A15888n199INYALSUAUTAAUENANINANYDIRILUNETT

9 Y

Usng Wuszeznsiasindouiliuazszaen1anngaiuauiy solvent front Wuszasnnafisih

A A v v
avaeAaaunle ke



Re =  S¥eenefasimaeud

o o = =
ICYSNNNRNINISAULA[DUN

[ «— Solvent front

C 817 1

----- ——
aI g1 n

N1INAADY
asiadl
1. methanol
2. chloroform / hexane
3. fRRYNENTANA LALAITUINTTIY
4. @19azane 0.2% DPPH
gunsol
1. naaauAUTaan3 (capillary tube)
2. 9nines / flask wuna 250 cm’
3. WY TLC
4. TLC tank

5. ASI8ENA

nau 1 N15anAasA8ANNazae

Y

1. théhegdldnsagada wevinnsafauendiusening 1n uazivhazanefmunzay ludsuns 1:1
(V/v)

2. wenmwatiaung Welduwseu wasdenalliuendu

3. funndvesietdutusiiazas Sufinuadils ludududviazaseesiietie tiluuendae
wadalasulans i

ABUN 2 NISLEUNEISA2DENS

1. NEAATANAFIDLALAITUINIFIUAIUULHY TLC solransii



2. thusiu TLC anudie 1 Tdaslu TLC tank Faussqiaveindouly Uan s99unsesia mobile phase
\deudida solvent front

3. 1 TLC 800970 tank Uanel mobile phase suine Ladrdnmua

4. faszormsangaisuiuiisgaqudnatsuesansnaiin uazangasuFud solvent front &

AIRUAN Re v0dusiazan WisuiiguAmlanuansuinsgu

nauil 3 Anwigusauayyadssy DPPH
1. gk TLC Alia1nnnskenanstnady ssuswmisansnusngmenan waznielauas UV
2. @Usdans 0.2% DPPH asuuudy TLC Tiausy (syiseglviansdudaianis) dhluvenszany

Woos LAUlUNLA W 15-30 U9 dunauasTunnuaningy
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