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Abstract

Project Code : MRG5480257

Project Title : Application of halophilic archaeal lipase and medium chain
triacylglycerols as an antibiotic substitute in monogastric animal
feeds

Investigator . Assist. Prof. Dr.Wanaporn Tapingkae

E-mail Address : wanaporn.t@cmu.ac.th

Project Period  : 1 July 2012 -1 July 2014

From the isolation of the samples from the fish sauce collected from the
factory in Samut Songkhram province and Singburi province and Salted soil from Samut
Songkhram. There were only 15 halophilic isolates in Samut Songkhram province.
There were only 5 isolates, HSB1-2 HM709 HM738 SQ1-4 and SQ1-22. FACF-9, MHS1-4,
MHS1-5, MHS-4 and SBFE-5 were isolated from coconut, coconut pulp, coconut shell,
palm fruit and coconut husk. HSB1-2 and MHS-4 exhibited the highest crude lipase
activity was observed when compared to that of archaea and bacteria, respectively. In
addition, HSB1-2 was in the Halobacterium group and MHS-4 in the Bacillus group. The
lipase profile from selected strains were specific to the lipid containing medium chain
fatty acid. All of the selected isolates had no toxicity to rat intestine epithelial cells
(IEC6) and mouse fibroblasts (L929), and were well tolerated in animal feed condition
testing. Emulsion of coconut oil and lipase from B. licheniformis MHS-4 can reduce the
growth of E. coli, Streptococci, and total anaerobic count in the simulative swine
digestive tract. Extraction of lipase from B. licheniformis MHS-4 at the same level of
lipase activity improved the digestibility of dry matter and gross energy. Body weight
at 56 days of age, average daily gain at 28-42 and 28-56 days, and gain : feed at 28-42
and 28-56 days of age.



When tested for digestibility using HM medium supplemented with coconut oll,
HSB1-2 was the representative species of Halobacterium. HSB1-2 was able to digest
PNPL in both the cellular and extracellular lipases, which corresponded to the growth,
which was consistent with 30.7 + 0.8 units per log CFU over 48-120 hr. Intracellular
lipase has maximum activity at NaCl concentration was 1.0 M. The extracellular lipase
was well digested at 4.0 M NaCl concentration, when lipid contained in high-density
lipoprotein and enzyme activity was better than that of low salt concentration. Lipases
contained in the cell have the highest enzyme activity at pH 7.5. The lipase released
from the cell has the highest activity at pH 7.0. The lipase in the cell is more resistant
to pH change.

Keywords : lipase, halophilic archaea, medium chain triacylglycerols, antibiotic

substitute, monogastric animal feeds
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figungd -80 * Lite1d18uiTe Fune (primary stocks) 81v151%a2 HM 1 &a5 (a.)
Usgnaunie Casamino acid 5 n. Yeast extract 10 n. sodium glutamate 1 n. Potassium
chloride 2 n. trisodium citrate 3 n. Magnesium sulphate heptahydrate 2 A. Ferrous
chloride tetrahydrate 0.036 n. Wwag Manganese chloride tetrahydrate 0.00036 . W&y

Sodium chloride (NaCl) 250 A1. USuaatdunsa-luawindu 7.2 n1sieseua1msudainlae

Lau’!;:u 20 n. (Tapingkae et al., 2008)



n1sdndananAsvauraugeindaauladlaa wisue1msuds HM faudig
wiunzn31a (halophilic oil medium; HOM) TngguinduusazyinuasomIsuis HM AN

=

NS NTDLAINDUNAN 60°% WNUNHWUSUINS 25 1a. aslue1msusunns 1,000 da. nauly

9 Y

'
A

Vi1 uR8LASEe Homogenizer (IKA-Labrortec-hnik) f1A3131L57 9,500 seumouly 1Ju
sewlaan 5 Uil Mndunslvgumgilanasvie Ussinu 45° Jufitansazane victoria blue
Wudu 10 un. v wa. YSues 1 va. Inieanmefikentauuaimsuds HOM Uuii 37 °y 1Ju

seewlian 7 Ju Andenwenndmeuludlawa lneiansanainlouduitu Fainnugisen

vosnsaludunazansd (Rohban et al., 2009)

nsigatienaneal
n1sAnewranwaenIdugIuIne) n15asy wazdaiivasaAsyauLANgs
(Oren et al., 1997)
Fauoniteenieuuemsude HM qunseiadewsai Anwdnvarlalad Tng
#915041 U9 UA & anwalgi aulusaa niuiluesdunsy ATUT LA IUINYDS
wad nsadseulaales warnisiadeuil nsadaeulednneg Weun eondna aniad wax
g3108 NIMAdeU LRSI N1sgeraate uils lwandu lsdu 91537u lnsylvau weuiiy
uay lalus-wauiiu nMsasnsdulaa nMsneaeu Oxidation-Fermentation LagN1TNARDULLND
ALIA AUFINTA ”Lumwﬂﬂﬁﬂma%ﬁmhm mal,a'%aﬂuaﬂnzﬁlajﬁaaﬂ%wu N15L338Y
Aeldan1izaneg laun Anadudu NaCl (0 - 300 n. sie a.) Autdunsa-tua (4 - 9) uas
gaungil (25 - 50°%)
N13ANYIENYUENIEUNINITIUAL (chemotaxonomic characteristics)
wsideonReifauenldaduommsas HM Usinas 500 ua. Taaigfinnuga-
50U 150 sousiawi aamqil 37 o Wuszesiian 7 Ju idefidedlatiumissiinrngaseu
8,000 souseu? 1Wuszezial 10 uil weniiuwas aesieasazaty NaCl wudu 250 n.
fo a. 2 50U wazvhwilagldiesosiuiuuudonuds (freeze dry) afuasiinsziviaves
Tushudision (Polar lipids) ®1uA5u83 (Minnikin et al., 1984) Way wHAUBY menaquinones A3

38n15U99 Komagata and Suzuki (1987)



ASMEIRULUEVDITUEIY 165 IDNA

L8N DNA uagyiliiu3avsenaisves Marmur (1961) WiuU3anaduan 165 rDNA
Tngldimaiia Polymerase Chain Reaction (PCR) a1ntuusnTuau 165 ONA Ingldinaina
Agarose gel electrophoresis LLazﬁﬂiﬁU%?jwéiﬂﬂisﬁ prep-A-Gene DNA purification kit (Bio-
Rad Laboratories, Hercules, Calif) mansiuruavestuaan 165 rONA Tagld ABI PRISM BigDye
Terminator Cycle sequencing Ready Reaction kit (Applied Biosystems) I1A518 W& 1A ULUS
TneLA3as ABI PRISM 377 Genetic Analyser (Applied Biosystems) iWisuiflsunnuivileures
dadutuaveos 165 ONA Aududuq lugrudeuasislusunsy BLAST ann
www.nebintm.nih.gov taszynduiide Aflaulndidssfusiniian antduiinsed
Wisuifsuanumileuvesdfuiuadn 165 DNA fuidoaeiuguinsg i (type strain) 709
Lwiazmjmﬁ AaLapnaielusunsy ClustalW (Larkin et al., 2007) TagfiansanaIna1seeasnis
WA fusEnIneaduLUadIl 165 rDNA (165 rDNA sequence similarity) kazangduiugnig
FIuN1T (phylogenetic tree) Feasasaeis Neighbor-Joining (Saitou and Nei, 1987) Ing
npdauadatulaefmuan bootstrap $9uau 1,000 ASs (Felsenstein, 1985) Tngld

TSNS MEGAG (Kumar et al., 2008)

ASANEIAIUARI8ARIYBY DNA (DNA-DNA hybridization)

Y
A adA I o w 1 s

AndeNweniATesarnsidndiusEniNaduuady 165 rDNA fuldaaneiug

9

v 1 = ' 1 < LY [ v = °o v &
Wnsgutesnd1 97 Famainunasuaeiuglval Anwieuadnendvedinu DNA vad3e

v A [y v 6

1 AnLdeniuaeiuguInsgIu (type strain) Mnaneugdaegluana (species) Wenfiunuis

999 Ezaki et al. (1989) waziUIauisuseauanunilaurad DNA laglaisnisnaaaunlenis

@?{ (colorimetric method) s335U83 Tanasupawat et al (2000)

nsiananssueuladlaiUs

naseueulad Weateedenifanssuveseuluilaaggnannisidentagly
ad 13 A a v Y o 17 Y1 N & & 13 [
WoruIuds HM Masusmeunduuzning lngldialodounzitinainaiue1ms HM udadu
%24 (1 loopful) asluemisivar HOM U3unas 5 ua. iluwegnianuidaseu 150 souUse

annll 37 *¢ WJuszeziian 7 Tu anduihlungusmisdianuiiseu 10,000 soUse

9 Y

=)

U1

'
v v

4 > \Jusveziian 15 wil waziudiula Geulusllnesin) Tudiuaunseviain

=b

U1 QN

&)
)

Aanssuveaaaulyy
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msdananssuvesauledlagldarsnadudaasieyt (synthetic substrate) Tngld
ansUsznauteameiszaslulafiuea (nitrophenol) waznsalasufiiisuunsuoudaus 2 -
18 pymeu (C2-C18 fatty acid) 71338904 Kordel et al. (1991) Ingimunannzannsgiui
AU NIA-AeinAY 7.0 gaungll 37 9 waganudndu NaCl 250 n. #io 8. wiasseNans
Fagusandu 2 @ 1iud dau A Ussnaudeansssdudansisiusassiadudu 50 faaly
a1% (mM) Faazanelu 2 Inswiuea (2-propanol) wazdau B Usenausie Triton X-100 4 .
o 8. war eum arabic 1 n. 6o a. Feavarsluansazanetines Tris-HCL Wudu 50 (mMm) 7
Usgnoude NaCl 250 n. fle 8. (@sazanetinefinassny) dwmiudu B fegldnauivaay
A vesansUsynoueadnesfinsaluiy fivysiuaunisveusus 8-14 svnau T

Y

arsavanetrllesivintu Tnssaansazans A war B annsafivinuiigumgigisuldiiy
srovaUsvana 2 §Unn mamTeuansssduriilaesay anseadudan A 1 damudiu B 9
du Inedeunseslminnedsnounisiafansaumeseulsd Mnduiufisensewinsansiediu
U31103 0.9 A, waztouluiU3unms 0.1 ua. Inevuilgamadl 37 v Anweaumansvoaoules]
TaetufinAinsgandunasiianuenindu 410 yiluwns Aanssy veaeules 1 mhewiiy
Uinauoulesidsanunsavanudeshilafiuea 1 lilasluaseund neld aneiifvun n1sin
Aunssuveseuluiazuenta 2 afileeusasaddldiouleidudusinatu 3 sefu
nsiananssuveseuleflngldifuduasaedu wasTausinanselutu Aifatu
#1335989 Kwon and Rhee (1986) w3suatsdasulfoglusuvasdiadu (emutsion) lne
nasthsunrns s efusdaluundu 0.5 n. fuarsazaretiosumsguUsms 2 a.
¢ 1Aea Homogenizer iA13157 9,500 souREuNT (Huszezinan 5 unft anndush
UjAzerfuteules] Usuins 0.5 ua. Tnvuilgunall 37 *o 19uszoziian 1 2lus nga
Uffselaaiiunsandodudu 6 uasda (N) Usuns 0.2 ua. lelgeanwud3unns 3 ua. wen
Tdriunasdudondussozinm 5 wifl vismniislidu gransazaediuuu (leleaan)
Feaziinsnlausfuazarseguiung 2 va. Tdas Tunasanaaes iiuansazans cupric acetate-
pyridine U311ms 0.5 ua. azsiliinnisuentu wawlsd Whiulagld vortex mixture 1y
sepvan 90 3unft ndudeiialy 10-20 Wit aunseisdndni wenduanlelvesninue
gradpiau IaAnnsganaunasvesiiviazasleleeeninuiiniuenindu 750 uluins
Wisuisudinunsaluduiildlagldnsmuinsgiuresnsaluduaeia (Lauric acid) luts
2-50 lailaslua Anssuveseulel 1 whewiiumaieulsifaunsovandesnsalushy
1 lulasluaseunit meldaniigiidinue Tinszsivsinaldsiuvoseuluilaaseitves

Bradford (1976) Inal4 Bovine serum albumin (BSA) {uansuinsgu
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nsanwUsEansnwvesseulwdllalaegagluduluaniizanasswswmnaiuenisany
ASLINIZLABN

waneuledilaiannidesfeniifanssuveteuledilaagan 3 suduainnisin

' (%
o o w F%

AanssuvwaUlelnglga1sAIAUFLASIEY WAz SaudlaTuve NN UNE NS NAUTENDUM Y

€

o b %

NuuENE1 10 wa. Unau 10 ua. wagansazans Dispersion 20 ua. [@3UsznouniunaLs

=0

950 540 13, Fupzs10a 10 0. Indeuraslss 18 n. wag KH,PO, 0.4 n. Tuthndu 1 a. ansAd
183 Arroyo et al. (1996) lngl4ipSe3 homogenizer finnansou 20,500 rpm Hussavsian 1
i uazdeasdeilmimnadineuldlunismanes

fnupanzfildlunsfinuuszansnmueseuleilaanuifves Dierick et al
(2002) Wi3BuEIUHANDINITIUsENOUMEBTatureTuNENE 1 n. 81913 (Usznause
dnlwava nndavdes waylndu-ussiauan) 2.5 n. asazaretviulos pH 3.0 10 ua.
ansavatwanaldanans 1 wa. uastoulesilawa 1 ua. Undhunanmuslunasamaay
szpyian 180 Wi figaumind 37 0 neldershauaugumpiuuuigld antunenuizen
Tesfunsa HCLWudu 3 N USu1es 1 wa. wasilutumissiinnnudasou 2,500 x ¢ 1du
SyezLIa1 10 W9

UAsevesansusenauieaesvaansalusiuwaziuiia (Fatty acid methyl ester;
FAME) TneviUfAzenssmineansazanedanla 0.15 ua. lonisu 1.5 ua. ivsznausedluiy
0.3 lulasdng (@su193g1uniel) wae a15aza18 methanolic sodium methoxide 1 M 60
lalmsans (Chang et al., 1999) wedunaslagld vortex mixture Wuszeziian 3 Wil uae
weselneldintenueiinnuniaseu 350 seustewtil Wuszezinan 15 undl antaniludy
wieefiauEaseu 2,500 x ¢ Wuszezan 5w Ainsize FAME Tuansazanedilase
GEGR gas-liquid chromatography %o Hewlett-Packard (HP) 6890 series firose flame
ionization detector wag AN HP-5 capillary column (30 m x 0.32 mm i.d. wag 0.25
um film thickness) sagamnivesdifiunedutl Guan 40 1u 100 °u 051 17 *¥ deunil
wa¥a1n 100 18u 220 v 7i8m31 10 % Aoundt andunsgangifl 220 o Wuszezinan 4
U9 qmmﬂﬁﬁﬁ’ﬁ@LLazﬁ’msm%’Ué’ﬁycgmwhﬁ’u 220 Lag 230 °%, muaaU (gninesiaey
Wuiedwsumlaeiuuednsinisiuawindu 1.9 wa. o Wil AulsuuSununsaluduue

azmlagSeumisuivansunsgiuniely
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msUszdiuatnseeeldludnd (n vivo digestibility) uaZANTINNNNINENVDIGNENTIEUY

dndnaassuaznisdngasemng ldanansvgusinagens 4 §Uav 91uiu 24 @
Tngnurunsnaaewuuduanysaluusoandu 6 ngue az ¢ # laud eulesllawatndn
nenUsene 3 aiin euledlaalnesiuiings 3 szau ldud seduianssuveeulula
Wanhiufiwugihveaeuleiidudnndsussma seduianssuveseulsylaatoaning
wuzthveseulediividiainsislsema 0.5 wh uazseauAanssuveseulelaauinniii
wuzhweseulyiiivhdandaseme 1.0 wih

n1slenns waznsiiudiegnsensiivae Uasnazuazya ulsnislienmsans
Ju 4 9199 az 7 Tu Tngluwsastrsdadu 4 Su dmsunsususdsliomnsiliesulnm
eneenled uag 3 Yu dwdumsfufmedayauaztaangddionmsiaiailmmdey
oanlas uidliormstuas 3 ilo neassdussuzna 6 dUak SufinUSunaiemnsiinu uas
ﬁmﬁfﬂé]’aﬁuaqqﬂiLwiasﬂaﬂnﬂé’ﬂmﬁ AuanUinuesiifueds SasinisiaTyiula
UsyAvdnmnmsilasuemns uas ﬁuﬂquﬁhmmwiamnﬁmfmﬁfﬂﬁa

o w 1

Wfegsemsuaryaiutudivaauiazdrsinuiegwiasaleiuds lnemansld

flgaumgiivies nanlsiidniu suftonmndl 65-70°% WWusroziaan 48 wu. uarsufiminiinuds
ou MNAATeiesdUsznoumaaiiniuiFues AOAC (2005) uagdinstziiboly dud
waglaa wiwaglaa uazdniu Ine3Bves Van Soest (1963) riogsiaanyiuudses
wiazdiiiuiegimazansiuds lnedaiisl igumgivies uasnanlidnfu ilelnsey
Tshu wrageuuavriaanada lngdsues AOAC (2005) Tinsiedsunaldnnlleneanladly
91MNIWazyanNITUDe Myers et al. (2004)
Useiliugunmuaznsiiniiondsresgnansiuag 2 ade a1 6:00 . uay 18:00 u.
TnedanadnuaznsnmenmuardvesyaiiieUsziiuensvioadevegngns Tuiinguainues
ANANT SNYULIU WazaNYMEEveIMINT MUATVeN Lynch et al. (2009) vnsdusiagya
QﬂﬁjﬂimaqLwiazﬂfjmmwmLLaﬂL%aLLazi’mU%mmﬁuw%'é
nsinAmeaiiuazUsunnRaunsd InUsunauanns (lactate) uaznsnluduseme
18 (volatile fatty acids) Ingldimafiaufalasuilans nilanuizves Jensen et al. (1995)
Tausuraqdunidlaeldinaila Spread plate Tneldermsidsadoanis 1éun Oxoid

(Basingstoke, England), Reinforced Clostridial Medium, L@3u#a28 hemin 0.001% &1%5U
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Wavianue (@n11gNlieandiau, 48 v1.), Rogosa agar dmiudialungu Lactobacill
Slanetz & Bartley medium d@niutaelungy Streptococci way Eosin Methylene Blue
agar (lan1glalaflyNid greenish 819 brown) d115ULE® E. coli @1u38v04 Dierick et al.

(2010)

n1swanaulyilaws

nawseueulad Weadoedeninanssuveteuluilaaggnannisdentagly
as < S oa v 8w o = =1 & 2 o
Fomsuds HM MeSumeinduueni InglHnatsdeunsiiannanuenms HV iy

23 (1 loopful) aslue1msivias HOM U3ues 5 wa. thluignfianuisaseu 150 seuse

=)

Wil gaungdl 37 *o Wuszesian 7 T andudilunyuenesdinaimsisey 10,000 souse

=b

Wi gamall 4w Wuszezna 15 uil uanivdla (euludilnesin) lugduaunsznsia
a L3
Aanssuveseul

3.7.1 Msinseuduie Wedeafenidmfanssueuleilaagen ande 3.4 lu

a

p1maiman HOM Tngldivhadodoungideldnuaneimsfudesdafuil gungli 5% Wiy
1 (loopful) asluemsinas HOM Usunas 5 ua. usnoulusiazinianssuveadeldy
M35 uda 3.4

3.7.2 mswamaulad fvunanzsuduiie dmsunmsidsadeiiionanouled
I¥ur Umandesududosay 5 Ineusuns emmsieats HOM deusuanudunsa-ang
Buduiriu 7.0 gamndl 37° uazsreznan1ndss 7 Yu AnvisUuuuninaioivlalae e
Ginadeenfielaemaia Spread plate wazmsnaneulullnetaianssuveseuleivente
Tdunnaislude 3.4

3.7.3 MIMGATIMISTIIMNL Y FadonasAuszneundnvesormsiaende laun
wndsnduey (Whunzndnuezsiudaluudu) unaslulasiau (Yeast extract, Peptone,
Meat extract, Malt extract, Urea, Ammonium nitrate kag Ammonium sulfate) Ta el
LHUN3MARBILUY Plackett-Burman desien anntudmidenasiusznoudiinasonisnan

L3 =~ =2 Y PN o (% a L3 Yaa
wuled ieAnwissauimuizaudiunsunisnanoulesilaneleds Response surface

methodology M1135904 (Akolkar et al., 2009)



14 -

n1sfneRuaNURvaaulssl

3.8.1 mavineulesdlvuiqus viouluilagsuildande 3.7 vldusanssae
WwAtAN1lAsNAlASAT A (chromatography) #1199 19U ion-exchange chromatography
way gel filtration chromatography Iﬂammaaummﬁqwé%aLaulsmﬂut,wiaz%”’umauiﬂa
fafanssuves toulesl uarUSualusiulunn fraction Ausnld 9ndufiuuagsau fraction
fAfRanssuveseuls wlfouleiuians

3.8.2 MmsAnwanautRvavaulyd Inefnwinuaudisieg lawn dmdnluana

vasauleyl pH Lazgungidenisintanuveteuleyd arudumzveeuladdoansnediu

(%
v 1

Haved divalent ion llAA199 AoRANTTLVRLOULYY NAURIAITEUTIRINY ADNITYINIUTEI

wulysl kazanuaIsvaaulel

NsATIERdayaneaa
= a a d‘ 1 U [
Anwvszdnsnmuseuludilaaegesluiuluan1izdnaomweinssmnzems was
d1ldian 3 91 (vaen) wnaznaeninuTuansalady 2 91 (A59) Yszlugndlunisduds
dun3g lngldinatianisinluvasanaass 3 91 (Vaen) wiazvaendinuTuiuLaaLan NI
ludfuszimeiy uasUTinardunid 2 91 (%) AwinAleievesSunaugaunidegluniie
log1oCFU #id . AATgranuulsusiuvvestayalagldlusunsy SPSS 19 (SPSS, USA) uax

WisuiisuauuanAIseIAIaaslangds Duncan’s new multiple range test
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NENIINA|DY

nsAndanuaznisigatiandnualvesenfsvauraugeindnulaslaws

@ a

NNTUENTRINFIRLYLALTAUIINT M Tnayvsanas fegauivaifiiuain

a a

Tnanuludwinaynsasnunazfmindaiys fuunndedwminaunsasasu e 15
e Iddereuiusiavan 78 lelwian (Table 1) 9ntunuinfifies 5 areiudvingy
1#uA HSB1-2 HM709 HM738 SQ1-4 uag SQ1-22 findnieulwilaaisumeiunisdos
lusfuiitinsalufuassntunaradussdusznou Woneaeunisteslneldermsuds HM 7
@Sudeindfunening wuiidifies 5 areWusivindu (Figure 1) Tnsanewus HSB1-2 4

<

Amansnsalunisgesligean WeAndunnunirswesdwlaldivindy 40 1. (Table 3)
uenanil WeqAunIEfuenldimun 154 loluanuandly Table 2 wsmnuueasdin
16t nanaduanle 31 leloan (wzndinh 11 Toloan viethiis 12 leleian wag ninuend
8 lalwian) saaladiny 31 lelowas (Wasnugnin 10 leluian) satnsiulya 23 lolyan
(uzwiruih 4 Tolwan viothita 13 lolwian nnuznin 2 lelwan uae ugwdmuds 4 lely
wan) FarinUseaIuAsus 13 lelowan (aurdudn 43 lelgian wag mau1duuns 5 lolaian)
mMnugndndsuniinazinunsmans 17 leloan Tswiiiiey 17 loluian (el 11 lolnian uas
Fulédul o Tolwan) Suvdesmitn 5 lelean uandeqduriaidauentdimiou 81 loluian
mevdanmawnedsuas fanuaansalunsgestiiuuzninlag hauaaunees
2wl nudfifies 5 anestusivingu (Figure 2) Tnpanewus MHS-a fenuanansalumsgosld

'
A a

avan WoAnduanuninwesduldlawindu 40 uy. (Table 3)
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Table 1 Summary of extremely halophilic archaea isolation

Sample Amount Source Code Amount
Salted crab 1 Samut Sakhon SC1-1 SC1-2 2
Salted crab 1 SC2-1 SC2-2 2
Salted fish 1 SPR1-1 SPR1-2 2
Salted fish 1 SPR2-1 SPR2-2 2
Fish sauce/ 1 Squid band/ SQ1-1 - SQ1-6 6
1 month Samut Songkhram
Fish sauce/ 1 SQ1-7 - SQ1-12 6
3" month
Fish sauce/ 1 SQ1-13 - SQ1-18 6
5" month
Fish sauce/ 1 SQ1-19 - SQ1-24 6
9™ month
Fish sauce/ 1 Rung Aroon HSB1-1 HSB1-2 2
3" month / Sing Buri
Salt soil/ 1 Suwan Factory HM701 - HM709 9
7" month Hole Samut Songkhram
Fish sauce/ HM711 - HM713 3
7 month, #1
Fish sauce/ 1 HM721 - HM723 3
7 month, #2
Fish sauce/ 1 HM731 - HM738 8
7 month, #3
Salt farm soil #1 1 Samut Songkhram  HSF101 - HSF107 7
Salt farm soil #1 1 HSF201 - HSF208 8
Salt farm soil #1 1 HSF301 - HSF306 6
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Table 2 Summary of lipase producing isolates from different locations

Location Sample Number of isolate
Tonlamyai market (LY) Spoiled coconut (SC) 11
Drain water (DW) 12
Coconut flake (CF) 8
Mueangmai market (MM) Coconut shell (CS) 10
Ruam-Chok market (RC) Spoiled coconut (SC) il
Coconut flake (CF) 2
Drain water (DW) 13
Dried coconut (DC) il
Prachuap Khiri Khan (PJ) Rotten palm (RP) 43
Dried palm (DP) 5
Faculty of Agriculture (FA)  Coconut flake (CF) 17
Mae Hia Agricultural Bamboo seed (BS) 11
Research, Demonstrative Soil (S) 9
and Training Center (MH)
Soybean (SB) Fermentation (FE) 5
Hot spring (H) Soil (S) 81
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Figure 1 Degrading abilities on medium chain fatty acid containing fat of halophilic
archaea strain HSB1-2 HM709 HM738 SQ1-4 and SQ1-22 using halophilic

medium with coconut oil

Figure 2 Degrading abilities on medium chain fatty acid containing fat of bacterial
strain FACF-9 MHS1-4 MHS1-5 MHS4 and SBFE-5 using medium with

coconut oil.
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Table 3 Clear zone indicating degrading abilities on medium chain fatty acid

containing fat of selected strains

Strain Clear zone (mm.)

Halophilic archaea

HSB1-2 40.0
HM709 5.1
HM738 5.2
SQ1-4 5.5
SQ1-22 52
Bacteria
FACF-9 41.0
MHS1-4 5.3
MHS1-5 5.1
MHS4 5.6
SBFE-5 53

'
aAaa

levhnsfigatiendnwalvesefenififanssuveseulusllana nuiranesiug HSB1-2
dnoglungu Halobacterium (Figure 2) dyuaewug SQ1-22 Mdendneglunguendsivey
\nFegs (extremely halophilic archaea) ausnldandogainal anesitus SQ1-22 awnsn
\W3nyleivasgamnll 20-60°C wadeamsindesgistiosiimuidudu 2.1 M (sefuivanza

Wiy 2.6-3.8 M) Sniednasaldlugasarudunsasaifu 55 - 8.5 (sdufumnyay
WinAY 6.5-7.0) lwaduaniianududuvendeesnin 2.1 M (Table 2) 99nnnsfigasl
londnualvesenfefiveuindoameiug SQ1-22 WisuisufuenAvaneiugdug flaanu
Adendsnniianludia Natrinema (Figure 3) :nnmsAnweuadoadsvesifuianale
Indwes 16s DNA uansliiiudn @1eiug SQ1-22 finnupdiendsiosas 983 98.1 97.7
97.4 97.4 way 95.7 AU Natrinema gari BCC 24370" Natrinema pallidum JCM 8980"
Natrinema pellirubrum JCM 10476"  Natrinema altunense JCM 12890" Natrinema

versiforme JCM 10478" wag Natrinema ejinorense JCM 13890" audsiu
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Table 4  Major differential properties between strain HSB1-2 and Halobacterium
species

Taxa: 1, strain HSB1-2; 2, H. salinarum HCC8978" 3, H. jilantaiense JCM13558" (Data

from Yang et al. (2006)) ;4, H. noricense DSM 3754" (Data from Gruber et al. (2004)).

+, Positive; -, negative; +/-, doubtful; s, strong; w, weak; ND, not determined

Characteristics 1 2 3 4

Cell morphology Rod Rod Rod Irregular
rods

Motility + + + +
Pigmentation Red Red Red Light red
NaCl [M] required to prevent cell lysis > 1.7 > 1.7 > 2.1 > 2.1
NaCl optimum [M] 3.4-4.3 3.4-4.3 3.4-4.3 2.5-3.0
MgCl, optimum [M] 0.5-0.6 0.5-0.6 0.5-0.6 0.6-0.9
NaCl minimum requirement [M] 22.6 22.6 22.6 22.6
Temperature optimum (°C) 37-40 37-45 40-45 45
pH ranges for growth 5.0-8.0 4.5-8.5 5.0-8.5 5.2-7.0
pH optimum 7.0-75 7.0-75 7.0-75 -
Anaerobic growth with nitrate + + + ND
Nitrate reduction - - - ND
Gas formation from nitrate - - - ND
Catalase activity w w w ND
Oxidase activity + + w -

Indole formation - - - ;
Hydrolysis of:

Starch - - - ;

Gelatin + w + i

Tween 80 + - - -
Anaerobic growth with DMSO + + + -
Acid from:

Arabinose - - ;

Fructose - - .

Galactose - - _

Glucose - - -
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Characteristics

Mannose
Rhamnose

Ribose
Xylose
Cellobiose
Lactose
Maltose
Melibiose
Sucrose
Glycerol
Mannitol
Utilization of :
Arabinose
Fructose
Galactose
Glucose
Mannose
Rhaffinose
Rhamnose
Ribose
Xylose
Cellobiose
Lactose
Maltose
Melibiose
Melizitose
Sucrose
Trehalose

Glycerol
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Characteristics

Inositol
Inulin
Mannitol
Salicin
Sorbitol
Starch
Acetate
Citrate
Lactate
Glycine
Alanine
Arginine
Aspartate
Glutamate
Lysine
Sensitivity to
Bacitracin [10 units]
Novobiocin [30 ug]

DNA G+C content (mol%)

65.6

+
+

67.1-71.2

64.2

54.5
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Halostagnicola larsenii XH-48" (AM117571)

Natrialba asiatica 172P1" (D14123)

0.01 # Natronorubrum bangense A33" (Y14028)

Natronolimnobius baerhuensis IHC-005" (AB125106)

78
Haloterrigena turkmenica VKM B-1734" (AB004878)

92
Natrinema pellirubrum NCIMB 786" (AJ002947)

Halovivax asiaticus EJ-46" (AM039978)

100

Natronococcus occultus NCIMB 2192" (728378)

Natronobacterium gregoryi NCIMB 2189" (D87970)

Halobiforma haloterrestris 135" (AF333760)

Halalkalicoccus tibetensis DS12" (AF435112)

100

Halococcus morrhuae NRC 16008 (D11106)

Halorhabdus utahensis AX-2T (AFO71880)

—Halobacterium noricense Al" (AJ548827)

100 Halobacterium jilantaiense NG4" (DQ256409)
100

—HSB1-2
100
Halobacterium salinarum DSM 37547 (AJA96185)\

Halogeometricum borinquense PR 3" (AF002984)
100

Haloferax volcanii ATCC 29605" (K00421)

70

Halobaculum gomorrense ATCC 700876 (L37444)

85

Halorubrum saccharovorum JCM 8865" (U17364)

Natronomonas pharaonis JCM 8858 (D87971)

Halosimplex carlsbadense ATCC BAA-75' (AF320478)

Figure 3  Phylogenetic trees showing the relationships between strain HSB1-2T and
related bacterial species based on 16S rRNA gene sequences. The
branching pattern was generated by neighbour-joining method. Bootstrap
percentages above 70%, based on 1000 replications are shown at the

nodes. Bar, 0.01 substitutions per 100 nucleotide positions.
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Table 5 Major differential properties between strain SQ-22" and Natrinema species

Taxa: 1, strain HSB1-2T; 2, N. gari BCC 24370"; 3, N. pallidum JCM 8980; 4, N. pellirubrum JCM 10476"; 5, N. altunense JCM 128907; 6, N.
versiforme JCM 10478 (Data from Xin et al., (2000)); 7, N. ejinorense JCM 13890" (Data from Castillo et al., (2006)). +, Positive; -, negative;

+/-, doubtful; s, strong; w, weak; ND, not determined

Characteristics 1 2 3 a4 5 6 7
Cell morphology Rod Rod Rod Rod Rod Pleomorphic Pleomorphic
shape shape
Motility + + + + + - -
Pigmentation Pale orange Pale orange, Pale orange Pale orange Pale orange Light-red, Light red,
colorless pale red

NaCl [M] required to prevent

cell lysis >21M >1.7M >1.7M >1.7M >21M >1.0M >1.5M

NaCl optimum [M] 2.6-3.4 M 2.6-3.4 M 3.4-4.3 M 2.6-3.4 M 2.6-3.4 M 3.4-4.3 M 34 M

MgCl, optimum [M] 0.1-0.2 M 0.1-0.2 M 0.1-0.2 M 0.1-0.2 M 0.1-0.2 M 0.15M not required
for growth

NaCl minimum requirement
M] 22.1 M >1.7 M >1.7 M >1.7M 221 M 215 M >1.8 M
Temperature optimum (°C) 37-40°C 37-40°C 30-37°C 30-37°C 37-40°C 37-46°C 37°C
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Table 5 Continue

Characteristics 1 2 3 4 5 6 7
pH ranges for growth 5.5-8.5 5.5-8.5 5.5-8.5 5.5-8.5 6.0-8.5 6.0-8.0 6.0-8.5
pH optimum 6.5-7.0 6.0-6.5 7.0-75 7.0-75 6.5-7.0 6.5-7.0 7.0
Anaerobic growth with nitrate - - + + + + -
Nitrate reduction - - + + + + -
Gas formation from nitrate - - - - - + +
Catalase activity w w s w w + +
Oxidase activity - + w - - + +
Indole formation - - - - - + ;

Hydrolysis of:

Starch - - - - - +/- +

Gelatin - + w - + - +

Tween 80 - - + - + w +
Anaerobic growth with DMSO + + + + + - ND
Acid from:

Arabinose - w + - - ND -

Fructose - - + w - S -

Galactose - - + - - w B,
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Characteristics

Galactose
Glucose
Mannose
Rhamnose
Ribose
Xylose
Cellobiose
Lactose
Maltose
Melibiose
Sucrose
Glycerol
Mannitol
Utilization of :
Arabinose
Fructose

Galactose

ND
ND

ND
ND

ND
ND

ND

ND
ND
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Characteristics

Glucose
Mannose
Rhaffinose
Rhamnose
Ribose
Xylose
Cellobiose
Lactose
Maltose
Melibiose
Melizitose
Sucrose
Trehalose
Glycerol
Inulin
Mannitol

Sorbitol

ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND

ND
ND
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Characteristics 1 2 3 al 5 6 7
Sorbitol - - + - - - -
Starch - - - - - ND +
Acetate + - + + + ND +
Citrate - - + - - ND ND
Lactate - - + + - ND ND
Alanine + - + - + ND ND
Glutamate + - + - - ND -
Lysine - - - - - ND +

Sensitivity to rifampicin [30 pg] + + + + + [50 me/L] + -
DNA G+C content (mol%) 65.6 mol% 65.4 mol% 63.9 mol% 62.9 mol% 65.6 mol% 64.2 mol% 64.7 mol%
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Natronobacterium sregoryi NCIMB 2189 (D87970)

Halobiforma haloterrestris 135" (AF333760)

Natronococcus occultus NCIMB 21927 (728378)

79

Halovivax asiaticus EJ-46" (AM039978)

‘{ Natrialba asiatica 172P1" (D14123)

Halostagnicola larsenii XH-48" (AM117571)

Natronorubrum bangense A33' (Y14028)
Natrinema versiforme JCM 10478 (AB023426)

9g Natrinema altunense JCM 12890 (AY208972)

L Natrinema pallidum NCIMB 777" (AJ002949)
99187
Natrinema pellirubrum NCIMB 786" (AJ002947)

|| SQ1-22"
97

Natrinema gari HIS40-3" (AB289741)

Natrinema ejinorense EJ-57" (AM231733)

Haloterrigena turkmenica VKM B-1734" (AB004878)

Halopiger xanaduensis SH-6" (AM268114)

Natronolimnobius baerhuensis IHC-005" (AB125106)

Natronoarchaeum mannanilyticum YSM-123" (AB501361)

Halococcus morrhuae NRC 16008" (D11106)

Figure 4

99

Halalkalicoccus tibetensis DS12" (AF435112)

Phylogenetic trees showing the relationships between strain SQ1-22" and
related bacterial species based on 16S rRNA gene sequences. The
branching pattern was generated by neighbor-joining method. Bootstrap
percentages above 70%, based on 1000 replications are shown at the

nodes. Bar, 0.01 substitutions per 100 nucleotide positions
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navesnsigatiendnuaivendo uandiidiuin druinndlelydvosiiu 165 rRNA
vosloloianii MHS-4 ﬁLLaﬂVL@]’mﬂauﬁzjalciﬁmmm 1,502 fhedalelns wazdlewsoudioutu
g1ufeyaros GenBank nuin loluian MHS-4 fimnailndiAssiuidoqduviadlungu Bacillus sp.
(319 9) MNnsFENwIeNAdERGTEIINduTesEeR B uevdelusAusA 2 aeduly
(multiple sequence alignment) fudle Bacillus sp. fiden 26 maﬁuﬁ: Tnglglusunsy
153U Clustal X wuin Teletanil MHS-4 eglunguiiientu B. atrophaeue ATCCA9337"
(AB021181), B. licheniformis S86" (AY017347), B. sonorensis L87-10" (AF302118) Wag B.
malacitensis CR-95" (DQ993673) lay fiMmauvilouvesaiduilndlolnavesdiu 165 rRNA

WinAuSeaway 97.7, 99.8, 98.2, 97.5 way 97.9 AUa1RU

nsiananssueuladlalalaesau

uleflawalnesanainide Halophilic archaea waw Bacteria ifmdenld @unsa
698 pNP-laurate Liuniian s09a3u7ld WA pNP-myristate pNP-caprylate wag pNP-
caprylate mugdu (Table 6) i¥o HSB1-2 fAanssueseuluilawagean sesasuldun
SQ1-4 SQ1-22 HM709 uaz HM738 snugndiu dndlundy Bacteria o MHS-4 FAanssuves

wulwsilaagean seamnliun MHS1-4 MHS1-5 wag SBFE-5 g FACF-9 SAanssusinfign

mnadauauluiivnsenisadsasivraseuledlawalnesu
lelwanuanlanmualidanuduiiviowadnauilonelumadivemismy (rat
intestine epithelial, IEC6) wazigadnauiiiavaeny (mouse fibroblast, L929) lauiwad

anusnegsenlauinnineas 90 Wawleuiunguaiunu (Table 7)
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Bacillus iranensis X5B"

— Bacillus daliensis DLS13"

Bacillus endophyticus 2DT"

Bacillus carboniphilus Kasumi 6"

100 Bacillus galliciensis BFLP-1"

Bacillus subtilis DSM10"

Bacillus mojavensis RO-H-1"
Bacillus malacitensis CR-95"

Bacillus vallismortis DV1-F-3"

99 5 Bacillus atrophaeus ATCC 493377
——Bacillus sonorensis L.87-10"
7E Bacillus licheniformis S86"

(
99 II\/\HS—4

Bacillus isabeliae CVS-8"

Bacillus shackletonii LMG 184357
72_:80cillus acidicola 105-2"
Bacillus humi DSM 163187
0.01 Bacillus fastidiosus ATCC 296047
— ——>Bacillus herbersteinensis D-1,5a"

L Bacillus litoralis SW-211"

. Bacillus alkalitelluris BA288"
_l—Bocil(us niabensis 47197

Bacillus endoradicis CCBAU 057767
Bacillus kochii WCC 45827

Bacillus eiseniae A1-27

93 Bacillus purgationiresistens DS22"

Figure 5 Phylogenetic trees showing the relationships between strain MHS-4 and
related bacterial species based on 16S rRNA gene sequences. The
branching pattern was generated by neighbor-joining method. Bootstrap
percentages above 70%, based on 1000 replications are shown at the

nodes. Bar, 0.01 substitutions per 100 nucleotide positions
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Table 6 The lipase activity of crude lipase from various lipase producing strains

(n=12)

Enzymatic activity (Unit/mL)
Strain

pNP-caprylate pNP-caprylate pNP-laurate  pNP-myristate

Halophilic archaea

HSB1-2 102.96° 144.41° 205.47 2 164.47°
HM709 15.17°¢ 21.07°¢ 30.06 ¢ 24.29°¢
HM738 17.79°¢ 24.55°¢ 35.29°¢ 28.18°¢
SQ1-4 20.21° 28.37° 40.22° 32.34°
SQ1-22 22.76° 31.52° 45.33° 36.31°
Bacteria
FACF-9 1.84°¢ 4.10°¢ 5.62°¢ 3.74°¢
MHS1-4 76.43° 203.67° 255.25° 178.18°
MHS1-5 71.96° 191.93° 240.43° 168.63°
MHS-4 189.49 2 505.102 631.10° 442132
SBFE-5 74.46° 198.63° 247.52° 174.02°

One unit (U) of enzyme was defined as the amount of enzyme that releases 1

nmol p-nitrophenyl/ ml/ min under the assay conditions (pH 6.8, 39.5°C).

Lipase activity was assayed using p-nitrophenyl caprylate (pNP-caprylate), nitrophenyl
caprylate (pNP-caprylate), nitrophenyl laurate (pNP-laurate), and nitrophenyl
laurate (pNP-myristate).

ab.¢ Mean values within a row with different superscript letters indicate significantly

different; P<0.05.
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Table 7  Cytotoxicity effects of crude lipase from various lipase producing strain on
rat intestine epithelial (IEC6) and mouse connective tissue cell line (L929)

cell line (n=6)

Crude lipase concentration (ug/ml)
ltem

25 50 100 200

Rat intestine epithelial cell (IEC6)*

HSB1-2 97.6+0.3 96.5+0.3 95.7+0.1 95.6+0.3
HM709 98.6+0.3 94.6+0.5 94.6+0.2 96.5+0.5
HM738 97.6+0.1 96.5+0.4 96.6+0.2 975.6+£0.4
SQ1-4 95.3+0.3 95.5+0.5 97.6+0.2 95.6+0.3
5Q1-22 96.3+0.2 96.4+0.3 93.9+0.1 96.6+0.3
FACF-9 99.6+0.3 97.5+0.3 96.7+0.1 95.6+0.3
SBFE-5 99.6+0.2 97.6+0.5 96.6+0.2 95.5+0.5
MHS-4 99.6+0.3 97.5+£0.4 96.6+0.2 95.6+0.4
MHS1-4 99.3+0.3 97.5+0.5 96.6+0.2 95.6+0.3
MHS1-5 99.3+0.3 97.4+0.3 96.9+0.1 95.6+0.3

Mouse connective tissue cell (L929)*

HSB1-2 96.3+0.3 93.5+0.5 98.6+0.2 95.6+0.3
HM709 97.3+0.2 98.4+0.3 94.9+0.1 97.6+0.3
HM738 98.6+0.3 97.5+0.3 96.7+0.1 96.6+0.3
SQ1-4 97.6+0.2 98.6+0.5 98.6+0.2 93.5+0.5
SQ1-22 96.3+0.3 96.5+0.5 97.6+0.2 97.6+0.3
FACF-9 98.6+0.3 98.2+0.2 96.7+0.3 94.8+0.1
SBFE-5 98.4+0.5 97.7+£0.1 96.6+0.4 95.31£0.2
MHS-4 98.4+0.7 97.8+0.1 96.7+£0.2 95.4+0.2
MHS1-4 98.4+0.1 97.8+0.1 96.4+0.2 95.0+£0.2
MHS1-5 98.2+0.3 98.7+0.2 96.5+0.3 94.2+0.1

" Cell cytotoxicity was represented as the percent of survival cells compared to control.
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Aanssuveseuluituilifsadasiunsmdadaiveeulesilaalaesy
Aanssuvaaaulel amylase, cellulase, endo-glucanase, B—glucanase, xylanase,
agprotease 9nTe halophilic archaea fidnwuandly Table 8 linuAanssuveseulesd
nnwiail pH 3.0 Aanssuveaeulyl amylase 10T HSB1-2 g9gafl pH 6.8 AanTINv
wulasl B-glucanase voude SQ1-4 geandl pH 6.8 Aanssuveaeules] cellulase v09de
HM709 HM738 SQ1-4 SQ1-22 71 pH 6.8 AAlndiAsiu Avnssuveseulas endo-glucanase
y09de HSB1-2 gegn 7l 6.8 Aanssuvenouled xylanase vesdie HSB1-2 qqqﬂﬁ pH 6.8

Aanssuvetauley protease ¥ao HSB1-2 asdnyl pH 6.8

Aanssuveseubyy amylase, cellulase, endo-glucanase, B—glucanase, xylanase,

uayprotease ALY bacteria Andonuansly Table 9 Aanssuvesoulsdl amylase 199

o MHS-4 gaan?l pH 6.8 Aanssuveaoules] B-glucanase You1To MHS1-4 gagail pH 3.0

[y a

LAy 6.8, M1Ua1AU Aanssuvanaubey cellulase Voud® MHS-4 Lay SBFE-5 Qqqmﬁ pH 3.0

a

way 6.8 mud1dy Aanssuvedeulesl endo-glucanase ¥R SBFE-5 Uag MHS-4 g4gn

pH 30 and 6.8, Muaau Aanssuveseuled xylanase Voo MHS-4 MHS1-4 uag MHS1-

]
a

5 g9gnfl pH 3.0 WWEAU 1T0 SBFE-5 Wag MHS1-5 Aanssuveaoulesl xylanase gsgn
pH 6.8 Aanssuveeulul protease woTo MHS-4 gegndl pH 3.0 uaz 1o MHS1-4 uaz

MHS1-5 dRanssuveseulsd protease activity Tq\‘i?jﬂ‘ﬁ pH 6.8

aauantavaseulullaalagsiudeanzlumnagaunieermsan

Tolglan HSB1-2 HM709 HM738 SQI1-4 uaz SQ1-22 @unsanusonIseasuss
wuleivivauls lnedfanssuveseulsilaanivdoiovas 85.43 87.88 89.51 88.05 laz
88.06 muanu lelgian HSB1-2 HM709 HM738 SQ1-4 Wag SQ1-22 @1u150MURenI1SLee
wsnsalatey lasdifanssuveseuluilaanunioiovas 85.44 82.51 87.28 85.61 Way
82.97 muannu lelalan HSB1-2 HM709 HM738 SQ1-4 Wag SQ1-22a1u15a9ufeni1syoy
mmmﬁafﬁﬁlé’{qa Tnedifanssuveeuledlaanandofnluiovay 8545 87.56 88.33
87.44 uag 88.22 mwanu belglan SEFE-5 MHS-4 MHS1-4 way MHS1-5 @usanume
paumgiinldlumssafiavesemsligs  lneffenssuvenouluilaanuvdedndudosay

88.09 88.68 85.51 84.45 uaz 86.26 AIUAGU
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Table 8 Enzyme activities of crude lipase from various lipase producing halophilic

archaea (n=12)

" Amylase (U/m)* B-glucanase (U/mU)"
ems

pH 3.0 pH 6.8 pH 3.0 pH 6.8
HSB1-2 nd 310.12 + 12.67°2 nd nd
HM709 nd nd nd nd
HM738 nd 129.04 + 12.00° nd 16.74 + 1.51°
SQ1-4 Nd 62.04 + 8.80¢ nd 38.04 + 9.20°
SQ1-22 nd 72.01 + 17.20¢ nd nd

Endoglucanase (U/ml)* Cellulase(U/mU)*

Items

pH 3.0 pH 6.8 pH 3.0 pH 6.8
HSB1-2 nd 130.81 + 2.23°2 nd nd
HM709 nd 26.46 + 1.30°¢ Nd 18.32 + 2.21°
HM738 nd 40.21 + 1.83° nd 17.26 + 3.11°
SQ1-4 nd 3.89 + 0.80°¢ Nd 16.49 + 2.33°?
SQ1-22 nd 12.05 + 3.72¢ nd 18.33 + 3.43°?

Xylanase (U/mU)* Protease (U/ml)"
Items

pH 3.0 pH 6.8 pH 3.0 pH 6.8
HSB1-2 nd 85.51 + 0.02° nd 108.20 + 10.022
HM709 nd 40.60 + 7.20 ¢ nd 34.19 + 5.61°
HM738 nd 40.25 + 5.20°¢ nd 28.47 + 4.81°
SQ1-4 nd 62.84 + 7.40° nd 77.38 + 3.08°
SQ1-22 nd 2371 + 530¢ nd 75.30 + 2.23°

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 nmol glucose/min
under the assay conditions.

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 pmol xylose/min
under the assay conditions.

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 nmol tyrosine/min
under the assay conditions.

abcde Mean values within the same parameters with different superscript letters are significantly
different P<0.01.

nd= not detect.
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Table 9 Enzyme activities of crude lipase from various lipase producing bacteria
strains (n=12)
s Amylase (U/mU)* B-slucanase (U/ml)*!
pH 3.0 pH 6.8 pH 3.0 pH 6.8
FACF-9 nd 117.10°+11.63 nd nd
SBFE-5 nd nd 244.98°+11.85 4.46°+0.01
MHS-4 nd 329.04°+12.00 26.24+0.30° nd
MHS1-4 nd 65.09°+1.90 301.827+19.10 34.08°+8.30
MHS1-5 nd 112.01°+11.60  25.09¢1.19 nd
Endoglucanase (U/m)* Cellulase (U/mD*
Items
pH 3.0 pH 6.8 pH 3.0 pH 6.8
FACF-9 nd nd nd nd
SBFE-5 10.98°+0.60 6.46+0.30 1.367+0.15 5.52%+0.01
MHS-4 6.39°+0.53 30.41°+1.03 10.68°+0.34 3.36°+0.01
MHS1-4 nd 3.199+0.80 nd 3.39°+0.03
MHS1-5 nd 12.05°+0.71 nd 2.23°40.03
Xylanase(U/ml)* Protease (U/ml)"
Iltems
pH 3.0 pH 6.8 pH 3.0 pH 6.8
FACF-9 26.55°+8.77 5.51°40.02 15.16°+1.12 4.10%+0.02
SBFE-5 nd 540.80°+28.30 39.75°42.48 34.29°+2.61
MHS-4 1,929.06°+32.30  240.15°+25.40  75.29°+4.93 24.97°+2.81
MHS1-4 1,979.82°442.10  262.94°+27.30  44.72°+1.12 72.18°+1.08
MHS1-5 1,927.53°+51.70  523.91°+22.30  30.819+0.94 71.40°+1.23

under the assay conditions.

under the assay conditions.

under the assay conditions.

a,bcde

different P<0.01.

nd= not detect.

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 nmol glucose/min

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 pmol xylose/min

One unit (U) of enzyme was defined as the amount of enzyme that releases 1 nmol tyrosine/min

Mean values within the same parameters with different superscript letters are significantly
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Tolglan SEFE-5 MHS-4 MHS1-4 wag MHS1-5 @nsanusenisgesvedouluing
Ugula Tnedifanssuveseulwilaanuniiososas 97.88 99.51 98.05 uay 98.06 MUA1AU
(P<0.05) daulelmian FACF-9 fifanssuvessulsiilawanavdotiesiian Aniduiesay 39.43
Tolglan FACF-9 SEFE-5 MHS1-4 uaz MHS1-5 @mnsanusenisgesvesnsalates laed

Aanssuvaaauluilalananiasosay 5.44 48.51 30.61 wag 57.97 A1ud1aU kanuIn Lol

=

el MHS-4 @nansovusienisgosveansaligeiian TRanssuveseuluilaanundegsan
lneAansanay 97.88 (P<0.05) balwias SEFE-5, MHS-4, MHS1-4 wag MHS1-5 @i15anu
somsgesenndeilaas Tneffunssuveseuluilawanuniodnduienay 97.66 99.33
97.64 uaz 9832 awariu dnllelmanil FACF-9 fianssuvesouluilaanundotiosgn
Anidufevay 35.45 lolwianm SEFE-5 MHS-4 MHS1-4 uaz MHS1-5 ansnsanusegamgiiild
Tunsenfinvetemnslias Tnefifanssuveaeulsdlaanavdefaluiosay 98.68 98.51
98.45 Wa 98.26 AMuARU (P<0.05) dhulelwiandl FACF-9 TRanssuveseuluilananunde

Ueengndnluiovay 39.09

Table 10 The trypsin, bile salt, acid and pelleting temperature stability of crude

lipase from various lipase producing strains (n=12)

Pelleting
Items Trypsin Acid Bile salt
temperature

Halophilic archaea

HSB1-2 85.43%+0.25 85.44°+0.26 85.45°+0.25 88.09°+0.29
HM709 87.88°+0.54 82.51°+0.23 87.56°+0.84 88.68°+0.34
HM738 89.51°+0.68 87.28°+0.49 88.33°+0.43 85.51°+0.28
SQ1-4 88.05°+0.24 85.61°+0.11 87.44°+0.38 84.45°+0.44
SQ1-22 88.06°+0.34 82.97°+0.16 88.22°+0.42 86.26°+0.64
Bacteria

FACF-9 39.43°+0.85 5.44°+0.26 35.45°+0.35 39.09°+0.39
SBFE-5 97.88°+0.54 48.51°+0.13 97.66%+0.84 98.68%+0.24
MHS-4 99.51°+0.68 97.88°+0.29 98.33°+0.53 98.51°+0.18
MHS1-4 98.05°+0.24 30.619+0.51 97.64°+0.28 98.45°+0.24
MHS1-5 98.06°+0.34 57.97°+0.26 98.32°+0.52 98.26°+0.54
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UszanSamvssauladlawaiwedasluduluaniedassvamnafiusimisandinssinng
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Table 11 Effect of coconut oil emulsion with exogenous lipase from B. licheniformis
MHS-4 on gut microbiota (log10 CFU/ml) and acid concentration

(umol/ml) when simulating small intestinal and caecal conditions (n=6)

Start Control Lipase + Coconut oil

Small intestinal condition

Microbiota
E. coli 2.45 + 0.02° 756 +0.23 ¢ 1.04 + 0.04°
Streptococci 3.87 + 0.06 ° 532 +0.14° 0.03 + 0.02°
Lactobacilli 4.22 + 0.25° 5.02 +0.05 ¢ 1.32 £ 0.05 ¢
Total anaerobes 438 + 0.33°  6.03 + 0.42° 2.62 + 0.35°
Acids
Acetic acid 251 +£0.15 3.15 + 0.26 1.17 £ 0.22
Propionic acid 0.86 + 0.08 1.08 + 0.12 0.52 +0.14
Butyric acid 0.80 + 0.09 0.99 + 0.08 0.47 £ 0.12
Lactic acid 0.01 +0.01° 867 +0.16° 0.02 £ 0.07°
Sum of acids 3.80 + 0.14° 14.06 + 0.25° 2.15 + 0.08°
Caecal condition
Microbiota
E. coli 3.58+ 0.23° 5.58+ 0.33° 1.21 + 0.02¢
Streptococci 5.36+ 0.04° 6.03+ 0.05° 2.12 £ 0.13°
Lactobacilli 7.09+ 0.22° 8.13+ 0.03° 4.52 + 0.25¢
Total anaerobes 7.12+ 0.43° 8.95+ 0.05° 4.63 + 0.52°
Acids
Acetic acid 3.33+ 0.35 3.78+ 0.46 292 +0.20
Propionic acid 1.34+ 0.04 1.29+ 0.02 1.30+ 0.04
Butyric acid 1.24+ 0.07 1.19+ 0.04 1.18+ 0.03
Lactic acid 0.00+ 0.02° 10.4+ 0.36° 0.02+ 0.01°
Sum of acids 591+ 0.04°  16.86+ 0.23° 5.37+ 0.06°

a, b, c

Mean values within a row with different superscript letters are significantly different P<0.01.
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Figure 6 Inhibitory activity of coconut oil emulsion with exogenous lipase from B.
licheniformis MHS-4 compare to antibiotic against test microorganisms, (A)
S. choleraesuis (1481); (B) C. butyricum (1032); (C) E. coli; (D) S. aureus.
Therapeutic = avilamycin 500 ppm; AGP (antibiotic growth promoter; AGP
level) = avilamycin 50 ppm; MHS-4 = exogenous lipase from B. licheniformis

MHS-4 with coconut oil emulsion.
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Table 12 Effect of coconut oil emulsion with exogenous lipase from B. licheniformis

MHS-4 on total tract digestibility in weaned piglets

IE1 IE2 IE3 MHS-4 MHS-4 MHS-4
05X 1.0 X 20X

Digestibility (%)
DM 91.3 93.0° 92.2° 91.8° 92.2° 93.8°
Organic matter 92.4 93.7 93.2 92.7 93.2 92.8
Nitrogen 89.5 90.2 89.7 89.4 89.5 90.5
Gross energy 90.9° 91.5° 91.5° 91.3 93.0%¢ 94.3°
Crude fibre 64.3 67.2 66.5 65.7 66.2 65.3
NDF 77.2 81.2 777 75.7 77.6 75.8
ADF 65.2 67.4 66.5 66.2 66.5 66.2
Nitrogen retained
%) 79.2 78.5 76.2 76.4 76.2 76.7
Metabolised
98.2 98.1 98.2 98.1 98.2 98.8

energy (%)

2b¢ Mean values within a row with different superscript letters are significantly different P<0.01.
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Table 13 Effect of coconut oil emulsion with exogenous lipase from B. licheniformis
MHS-4 on BW, average daily feed intake (ADFI), average daily gain (ADG),

and gain : feed (G : F) ratio in weaned piglets

IE1 IE2 IE3 MHS-4 MHS-4 MHS-4
0.5 X 1.0X 20X

BW (kg)
28 days 9.2 9.1 9.2 9.2 9.2 9.1
42 days 12.3 11.9 12 12.1 12.3 13
56 days 20.2° 20.0° 20.1° 20.2° 20.4° 21.52
ADFI (g/day)
28 to 42 days 355 360 352 355 354 356
42 to 56 days3 927 976 952 966 956 964
28 to 56 days 641 648 652 651 655 670
ADG (g/day)
28 to 42 days 221° 200° 200° 207° 221° 2792
42 to 56 days 564 579 579 579 579 557
28 to 56 days 393P 389° 389° 393P 400%° 418°
G:F(¢/9)
28 to 42 days3 0.62°  0.616° 0.61° 0.58° 0.63° 0.78°
42 to 56 days 0.61 0.59 0.61 0.60 0.61 0.68
28 to 56 days 0.61° 0.58° 0.60° 0.59° 0.61° 0.67°

2b¢ Mean values within a row with different superscript letters are significantly different P<0.01.
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Figure 7 P-nitrophenyl-laurate hydrolysis activity of intracellular and extracellular
lipase during growth of strain HSB1-2 cultured in the presence of 4.3 M
NaCl at 37°C, pH 7.2. Enzyme assays were done at 37°C, pH 7.2 and NaCl

4.3 M under static condition.
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Figure 8. Influence of pH on the hydrolysis of P-nitrophenyl-laurate. Assays were
done in the presence of 4.3 M NaCl at 37°C under static condition. 100%
equivalent to 80.8, and 78.9 units/mg protein for intracellular and

extracellular lipase, respectively.
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Figure 9. Influence of NaCl concentrations on the hydrolysis of P-nitrophenyl-
laurate. Assays were done at 37°C, pH 7.0 under static condition. 100%
equivalent 125.8, and 82.9 units/mg protein for intracellular and

extracellular lipase, respectively.
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Figure 10 Influence of pH on the hydrolysis of P-nitrophenyl-laurate. Assays were
done in the presence of 4.3 M NaCl at 37°C under static condition. 100%
equivalent to 85.2, 80.8, and 78.9 units/mg protein for intracellular and

extracellular lipase, respectively.
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Figure 11 pH stability of intracellular and extracellular lipase on the hydrolysis of -
nitrophenyl-laurate. Assays were done in the presence of 4.3 M NaCl at
37°C, pH 7.0 under static condition. 100% equivalent to 80.1, and 78.8

units/mg protein for intracellular and extracellular lipase, respectively.
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Figure 12 Influence of reaction temperature on the hydrolysis of P-nitrophenyl-
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Figure 13

laurate. Assays were done in the presence of 4.0 M NaCl at pH 7.0 under
static condition. 100% equivalent to 117.9, and 124.2 units/mg protein for

intracellular and extracellular lipase, respectively.
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Temperature stability of for intracellular and extracellular lipase on the
hydrolysis of P-nitrophenyl-laurate. Samples were heated at the designated
temperature for 1 h with 4 M NaCl. Assays were done in the presence of
4.0 M NaCl at 55°C, pH 7.0 under static condition. 100% equivalent to
128.4, and 123.4 units/mg protein for intracellular and extracellular lipase,

respectively.
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