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Abstract

Project Code : MRG5480232

Project Title : Cloning, Nucleotide Sequencing, and Expression of Bacterial Levansucrase Gene

from soil and water and its levan products
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Abstract:

In this research, we focus on screening for high activity levansucrase from soil and water
microorganism. Cloning, nucleotide sequencing and expression of microbial levansucrase gene
and levansucrase characterization will be performed. Moreover, synthesis of levan and fructo-
oligosaccharides and products identification will be conducted. Cloning, nucleotide sequencing
and expression of Bacillus amyloliquefaciens KK9 levansucrase gene (/s) were carried out. The
Levansucrase gene contained a plasmid with 1.5 kb inserted fragment, plsKK. DNA sequencing
analysis revealed that plskKK contained levansucrase gene with open reading frame of 1,431
bp and encodes for a protein with 477 amino acid residue and theoretical pl/molecular weight
of 7.13/53.4 kDa. The predicted signal peptide sequence of 29 amino acids was found at N-
terminal. The amino acid sequence of LS exhibited over 94% homology to levansucrase of
Bacillus amyloliquefaciens XH7. The recombinant enzyme was highly purified and an apparent
size of 54 kDa with an optimum temperature and pH of 30°C and 6.0 were determined. The
acceptor specificity is also described. The acceptor reactions were performed with sucrose as
a donor substrate and various saccharides as fructosyl acceptors. LsKK synthesized a variety
of FOSs from various acceptors, with lactose, trehalose, xylose, inositol, manitol, xylitol and
raffinose being the good fructosyl acceptors. In addition, the levan was produced from sucrose-
based substrate by this enzyme at 30°C has the levan with Mw of 11, 1000 and 4700 kDa, low
Mw levan (11 kDa) as a major product. Moreover, astaxanthin encapsulated-levan
nanoparticles were prepared using levan produced by levansucrsae. Effect of ethanol and
asthaxanthin concentration were investigated. Levansucrase was produce high nanolevan
particles in 10% Ethanol. The encapsulation capacity of the particles is 94%. The size of levan
nanoparticles and astaxanthin encapsulated-levan nanoparticles were 90 nm and 180 nm,

respectively.

Keyword: levan, levansucrase, fructooilgosaccharides, nanoparticle, Bacillus amyloliquefaciens
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Application Usage Reference
Industrial Provide viscosity Shih et al.?®
Holding capacity for water and  Ramsay®

Medical/Pharmaceutical

Foods

Others

chemicals

Selective plugging agent

Blood plasma extender
Hypocholesterolemic agent
Modification of cell membrane (tumor
cells)

Tablet binder

Add sweetness to foods

Fillers

Bulking agent

Subtitue for gum arabic

Emulsifier

Formulation aid

Stabilizer and thickener
Surface-finishing agent
Encapsulating agent

Carrier for flavour and fragrances

Cosmetic

Gabitto et al.*°

Shih et al.?®and Kirk®'
Ben Ammar®?

Shih et al.?®and Ahmed*
Ben Ammar®?, Shih et
al.®® and Ahmed*?

Han®*, Shih et al.?®and
Ahmed™®

Kirk®'

Kirk®'

Kirk®'

Shih et al.?®

Shih et al.?®

Shih et al.?®

Shih et al.?®

Shih et al.?®

Shih et al.?®

Ben Ammar *?
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Microorganism

Reference

Acetobacter acetigenum
Acetobacter pasteurianus
Actinomyces viscosus
Achromobacter sp.
Aerobacter aerogenes
Aerobacter levanicum
Arthrobacter ureafaciens
Azotobacter chroococum
Bacillus asterosporus
Bacillus amyloliquefaciens
Bacillus megaterium
Bacillus mesentericus
Bacillus polymyxa
Corynebacterium levaniformans
Corynebacterium beticola
Gluconobacter oxydans
Leuconostoc mesenteroides
Micbacterium laevaniformans
Odontomyces viscosus
Phytomonas pruni
Pseudonomas aureofaciens
Pseudonomas chlororaphis
Pseudonomas fluorescens
Rothis dentocariosa
Streptococcus sp.
Streptocuccus salivarius
Xanthomonas sp.
Zymomonas mobilis

Yeast

Aspergillus sydawi

Aspergillus versicolor

Loewenberg and Reese®
Loewenberg and Reese®
Pabst**

Han%®

Srinivasan and Quastel*®
Evans and Hibbert®
Han®'

Hestrin and Goldblum®
Hestrin and Goldblum®
Han%®

Evans and Hibbert®’

Dawes, Ribbons and Rees*?

Leowenberg and Reese®
Leowenberg and Reese®

Leowenberg and Reese®




WANMITYINUYBIAUIUTLATH

Auwgiasmduenlmilungy transferase 91391A501m 388 fructose a7 sucrose 16
F25UA99 uxaIaInINT 2 lasnaniafiladae levan Fa1du polymer Aidsznav'ludae D-
fructofuranosyl residues fisnananifaarudiswuse B-2, 6) wazanufudantudiuwus: B-
2, 1) T,@slwvuﬁzﬁiaaad"ﬁﬁﬂﬁgﬂa%”ﬂoanﬂﬁmwgmsaé‘aLﬁmﬁ'u B9 Lidﬂﬁﬁ'%m@nwém”m”aﬁ

1. Polymerization reaction

(Sucrose) , —> (Glucose) , + Levan + Oligosaccharides

2. Hydrolysis reaction

Sucrose + H,O —> Fructose + Glucose

(Levan) ,, + H,O —> (Levan) .1 + Fructose

3. Acceptor reaction

Sucrose + Acceptor molecular —> Fructosyl-acceptor + Glucose

4. Exchange reaction

Sucrose + ["*C] Glucose —>  Fructose-["“C] Glucose + Glucose

5. Disproportionation reaction

(Levan) n + (Levan) —>  (Levan) m. + (Levan) p+a

levansucrase

P aaa a 6 =
NINN 2 l]g]ﬂﬁil’]ﬂ’ﬁﬁ\‘] LAIINSHARLLD %"i]'m‘giﬂiﬁi@] Y] ‘ngﬁﬁ



TanUizaInuwIvY

1. Lﬁ'aﬁ'@LﬁaﬂLmﬂﬁﬁnﬁwﬁmﬁmwgmsaﬁﬁwm"l,ﬁﬁ MNILRLAU
2. Waszysiiaveuuafisefimuniondaduingasalasiinisnasaufiad (o W la) uazds
WSH AL USOULLETAY 16S rRNA e
A = an = a A a o A A
3. L‘Waﬂnmammaoamwgmsmta:aLnuwwa@]"l,@mmmﬂmm
4. ﬁwmﬂﬂauuazmmamaaﬂmaaﬁmwgmsaﬁnﬂLmﬂﬁﬁmﬁﬁ'@Lﬁaﬂ VNaLANYSu U add
WUTLATH
=< an = = A a o A A
5. ﬂﬂmaummaamnwgmsaua:aLnu‘nwamvl,@mﬂsmamwgmsa
6. ﬁﬂmmi‘v{aﬁummaamemuﬁmhUﬁakl,mmnu Lﬁaﬁﬂvlﬂﬂszqﬂmﬂ%@iavlﬂ
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21. ﬂ”@LﬁaﬂLmﬂﬁl,%'slﬁwﬁ@lﬁmwgmiaﬁﬁﬂmﬂﬁﬁ NN

2.1.1 MILATHUTIBLNY LU BENIAHLAZIN T,@slmeﬁma:ﬁumﬁL’%‘ﬂﬁwﬁmﬁl,nwg
RERH wziuusiaiinifsihes Suduunseemsfisdyuesuoaiiss o au
Usalssnuines, auusnmfiiuses, Guusnainimnings wazsinfisanlssnuiiea
L uan

2.1.2 MIASHUDMITAINTaUUULTILAZIAR) LA3INEIMNTIALILTaTA Sucrose LTn
Carbon Source
nMTLASeNeIMITIA BT auuuLgy Ussnauday 0.05%Yeast extract, 0.1% (NH,),SOu,
0.03%MgS0,4.7H,0, 0.6%KH;PO4, 2.5%NH,HPO,.12H,0, 10% Sucrose L8z 1.5% agar &%
NMILASHNBTWISLALILTaUUD LA UsENaudas 0.05% Yeast extract, 0.1%(NH,),SOx,
0.03%MgS04.7H,0, 0.6%KH,PO;, 2.5%NH,HPO,.12H,0 Was 10% Sucrose 31N 1kas1in 115t
aigadi 121°C 1w 15 Wit

2.1.3 myasadanuaiisslasltamasadanuuuds
Wer8196% 1g azarpiinauitaaaida 1 mL a1nswinldiumnisessaiuiiisey
5,000 rpm w281 5 wift nuuiadinemasng 100 pl AIUHEIMSIALILUULTS 9N
¥ spreader NAELB BRI WINZL T D AU ﬁﬂﬂﬁuﬁqm%nﬂﬁﬁauﬁunm 16 Talug a2
Unnglalaiidn

2.1.4 MmInalianidauuaiisufinaa levansucrase
msaadenidanuaiissluenmsiasadouuuuds videluidssluomsasadauuuimnag
udvimsueaniawladuuuneny (crude enzyme ) aananLTARLLATISEA I N0 AN TLAE
Wouvuwma lasyinmatwmiss anwinewlofuuunenyldsianeinsvinausasiaslm
wazrinn1sitasicinaanmailasitlasuilnInsnAuuyuewiafay (Thin Layer
Chromatography, TLC) niwinnaasmsifienaininazduauwiniusunadisnsie e
NAAA AN LaAD High performance liquid chromatography (HPLC)

2.1.5 MIIANSNNUUaIan ks (Levansucrase activity assay)
mmmi’@miﬁwmmaaLau"l,sn:ﬂ@ﬁi’@ﬂ%mmmadﬂgiﬂaﬁﬂdaUaaﬂmmnms"lﬂmﬁ%aegiﬂ
§a283% DNS method ' U§jATe11/sznauaas 0.25 mM sucrose 11 50 mM sodium acetate
buffer, pH 6.0 N7 37°C B19walst 1 unit 189 levansucrase tiniuUSu oo staw laald

su1Indaay 1 mol glucosedauil

216 MyltaTzvndanusilasdilasunlnsnsAuuunsuiad oy (Thin Layer
Chromatography, TLC)
maesdlasltuiu TLC wazld@ivinazans (mobile phase) fa Tanuaa : WS :
i lugasdn 8 1: 1 vimsaesed 3 a%a anuwithuein TLC TWuss viwein TLC Julu
developing solvent Nsznaudls nsadafrsndugsn : lanues ludasain 9 : 1 whlwuks
ﬁﬂvlﬂauﬁaqmﬁnuﬁ 120 °C 1Jwaan 10 win
2.1.7 MIAATNLARRAN MM Lag High performance liquid chromatography (HPLC)
MR HPLC Janeasit
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mobile phase: ultrapure water flow rate: 0.5 mL/min
detector: reflective index, qum‘ﬁ{]ﬁﬁ 40 °C runtime: 20 w7

column: sugar pak, qnm{}ﬁﬁ 85°C, 1119 6.5x300 mm injective volume: 20 UL
2.2 ﬁwmss:q"ﬁﬁmaaLmﬂﬁﬁﬂﬁmmmNﬁ@lﬁmwgmsa

2.2.1 A5 nexravdied (o W la)

2.2.2 35S NsUfNAUIURUEY 16S rRNA

2.3 ﬁﬂmamﬁmad5mwgmsaua:ﬁLnuﬁwﬁmvlﬁ”mﬂLmﬂﬁﬁm

2.3.1 MIHAAAWIUTLATH

Lgﬂdtmﬂﬁﬁﬂlua’lﬂ’]ﬂgﬂdL%QLLUUL%Q’Jﬁﬁ‘QIﬂﬁ@Q ﬁqmwn“ﬁ 30-50 °C, 1N 250
rpm tuaan 7 34 lasdinsanadansinusesenloinniu lasnsianisvinuvaes
Lo baa] (Enzyme assay) 81817030015V 14v89L01 Lo 1u3s DNS lasutiniinaasd
sanidu 2 7a gausnidugaaiugy lassienewlsyd 50 lulasias lalunasanasasriinis
ﬁ&l'ﬁ'qmﬁgﬁ 100 asamaLdes twaan 1 5alus annsisdia reaction mixture 450 lulasans
U3enaualt 4% Sucrose b 1M citrate buffer pH 6.0 LLﬁaﬁwvlﬂﬂwﬁaqmwgﬁ 30 B9FLTALTEE
vJuaan 10 Wil waaLdin DNS reagent 500 lulasaay ﬁw"lﬂ‘lﬁmm%”auﬁqm%gﬁ 100 89611
LEaLBEE WWIa 15 wn ﬁa‘lﬁﬁuﬁqm%nﬁﬁﬁaa nssduinngs 4 dades uiinldiad
AMUBIAAK 540 W luas qaﬁaao Duaanlasf 50 lulasdas adlu reaction mixture 450
lulasdias Uszneuals 4% Sucrose 11 1M citrate buffer pH 6.0 LL&T’Jﬁﬂﬂﬂ&lﬁqm%Qﬁ 30
avenialGua Llulaan 10 w1 La2Ldn DNS reagent ﬁﬂﬂlﬁmm%&uﬁqm%gﬁ 100 8461
LEaLTEE LWIaT 15 win ‘ﬁﬂﬁlﬁuﬁqmﬁgﬁﬁaa nnssduinngs 4 dades uiinlliad
ANNENIAAE 540 W luwas i sdwImlasifisuiy Standard curve Tag 1U 189
wau oy da ﬂ%mmﬂgiﬂaﬁlﬁm‘fu 1 laulasluadamd

2.3.2 fnwsntidvesewlsdinaaldannifauuailisy Bacillus liquefaciens

fnwn pH Mmunzaudan1svinawsestan los laussnauvaslfAsensznaveas
Lau"lsﬁﬁ, 4% sucrose LLas buffer %Gﬁ“fﬁ‘m&m 3 7@ fa Sodium citrate, Tris-HCI w8z Glycine-
NaOH buffer Tapfim3iasuuias pH va9 buffer lugas pH 1A 3.0 — 10.0 ﬁ'qm%{]ﬁ 37°C
(a1 10 Wi
ﬁﬂmqm%nﬁﬁmm:amamsﬁwmmadLauvl,eﬁﬁ lagssnanvaslfisordsznaueis 4%
sucrose, sodium citrate buffer Lazla ol ﬁmmj?:'zlmmawamaaqm%nﬁﬁ 30-80°C 1Tu
I8 10 wN

2.4 ¥n3laan, mi‘mém”uﬁm§Ia"LmTLLa:miLLamaaﬂmauﬁuﬁl,nwgmsammmﬂﬁﬁﬂﬁ
Aaldan WatRulSIn el AUTLOTH

2.4.1 MILAAY LLazms‘h@Tuﬁaﬂﬁiavlmeaaﬁuﬁl,nwgmiamﬂLmﬂﬁﬁ‘ﬂﬁﬂ”mﬁaﬂ
¥nNsana Chromosomal DNA 2asuuafisalas3auas Sambrook UazAme 2 9MNHHazinns
Taaulagld PCR amplification @93 DNA 1Juusuuy uaz DNA primer 284 Buluangiaya v
nseanuuulaslddayavas ﬁuﬁumq}mmﬁﬁaglu Genbank 91N1132141 PCR product 31
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\anAL pJET vector W&239 subcloned NpET19b lasaziin gene 16 bnida dradle
IndiNadutnuannaaadaa bl

242 msu,amaaﬂmaaﬁl,nwgmsamﬂLmﬂﬁﬁﬂﬁ ALRaN Lﬁal,ﬂuﬂ%mmmadﬁmwg
LAIH

o A & A . . ) o = & An o

UIRINLVLLTBNVEY Bacillus amyloliquefaciens (pETLS) ﬁnﬂamamﬂm"naﬂvl,@mnms
g g & = A o L . A A v IS o A
WesuuamasseLuuudriia LB usduredefigmnndvaaduiig 16 T21u9 LNaLTl

v g a A(sv a g qul o ) ¥
msmlm%amqmmmmﬂuﬂ Streak plate #8393NUWLATEY Starter i1 ldlasina1wLaes
WaLUULARITHG LB USuNaT 12.5 Uafas ’Lum@gﬂ"ﬁu‘q’ﬂ%mm 125 URRGT BN LGN LD NN
au 100 lulasnsudeladas natannuuwidananizlalafidoiulasls loop Wedalaadlu
ISR TALLLLRAITHG LB i lliutndaseaaainutsisas 250 saudauwin ﬁqmwgﬁ 37

= = o A = = o o o kg & A ~ =

aseLraLdeR tuiaan 16 Talug tNatAuLTw starter ST A TanaalUT6® 19T
AMITRLILTALUULRAITHA LB 100 J8aa3 ’Lum@gﬂmﬁmm@ 500 48R§T 2 70 AN
W@unaNnNGaw 100 lanTudaiafay nadannuuililad Starter NiaTunlaaslba1n13La89
Wi 1 JaaaT LL&Tafn"Lﬂi_im%aﬁqm%Qﬁ 37 2IANLTRLT R WIANLWEN 250 SaURAUN IWNTENI
IAA1 ODggo b LAAN L4829 0.4-0.6

o X Ao ' ' v A A IS

WTaNTA ODgyo MbTI 0.4-0.6 uudsnIaglsunid 20% ves LB Ldu 10% as
1aNINNA 4 270 HAINBWIINNGY IPTG @20 TLTW 0.1mM ﬂwiﬂa.im%aﬁqmmgﬁ 16
gamTalfus wiaNiwen 250 saudawf Luian 16 3alad wiTNTwKnAedN 5,000 rpm
aznaunle azanaels 50 mM Citrate buffer pH 6.0 (1mL : 20mL 2890113 RBL T8I W)
uwih llafiiaaidwna 30 wifl Ujddgwanliises g aunszismsazamoidasuangudu

A o v o ¢ A A IS A & a
la Walaasazaslauarianduinissn 10,000 rpm a1 15 w9 LALRITAZANE 1580
auloneny (crude enzyme) 7 4 asLTaL TR
a a5 .
24.3 ﬂ’]i“n’miq"nﬁﬁmwgl,ﬂia 1ag ion exchange chromatography
a Af o { v 1 Qs

Iummaamimmqwﬁﬁmwgmsa Banlaire U ldu NI wAaa N LY CM-

TOYOPEARL-650M ﬁﬁauﬂﬁuamﬂﬁwﬂizﬁ;mﬂ A88631L5IM15 %8 0.8 - 1.0 mL/min 819
v & A o o a A .9 . e a Y i
ﬂaaumwaﬂwdﬂsmuwvluslmauvleﬁmaangmiml,a:aangl,maﬂmﬂms 50 mM citrate
buffer pH 6.0 auf1 absorbance 71 280 nm L% 0 TEABANEEL 100 mM WA 150 mM NaCl
lu citrate buffer pH 6.0 U@ absorbance 7 280 nm 11 0 I(ﬂmwmﬁuiﬂsﬁuﬁgﬂmaamﬂu
fraction IR LAaz fraction TUnasaunsvinauvasianlsd (activity) @28 DNS method
WuaIuiin1svinauvesianlasiun dialysis @28 50 mM citrate buffer pH 6.0 lNafNIALNRS
2an waInagauMIvNuvaanlmianaie TaUSunalusduey Bradford reagent Lo bassf
a Asl ¥ ) a N £ 0?: ) { 2

usq‘nﬁﬁ"l,@ ﬁ]zgﬂmvlﬂ’smsw:ﬁ@amzl SDS-PAGE 91n1utintaw kraif laundnunauiauada
mwgmsaua:ﬁmuﬁw§@1V|,@Tﬁnﬂﬁuﬁmusgmsa

2.5 ﬁﬂﬂ’]ﬁ&lﬂaﬂlEl\‘]5LL’JWELﬂiaLLﬂzﬁLL’J%ﬁNﬁGIVL@TﬁnﬂﬁuﬁLL’JWELﬂiﬁ

2.5.1 ﬁm:nama:ﬁmm:awlumsﬁwmmaaﬁl,nusgmsa
fnwn pH Mwanaudan1sinwoaganlos lagsnsuaslfisensznaudas 0.1 Unit
was1awlwsl, 4% sucrose WA buffer B9079%Na 3 THa Ao Sodium citrate, Tris-HCI WA
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Glycine-NaOH buffer lagdin1siUasuuias pH w89 pH 3-12 Britton-Robinson buffer 1439 pH
W¥inAL 3.0 - 10.0 igawnnd 37°C Lwaan 10 wid
dAnmamnpinnunzandanisvihnusedanlad lavasnauvesl fATodsznaudan 0.1
Unitmauau"leﬁﬁ, 4% sucrose, sodium citrate buffer waztawbad TnsiUfouuladveds
gawnniN 30-80°C uiaan 10 wfl
2.5.2 finw" substrate specificity S ENEVNG Y
@nw transfructosylation lasldglasa idudal¥Wynlng (donor substrate) uazinanaeng g
123U (acceptor substrate) lag 1§38 transfructosylation Usznaulldas 1 u/mL §LL’JW§
138 UIgNT L4 50 mM citrate buffer pH 6.0 ¥ 30°C tdui3a1 16 Talud lasd 50 mM
sucrose ka2 500 mM saccharide AnETHa VU190 LazUSU1MVBINRAAUNN baa2ainadia
TLC ez MS
=y 6 4
2.5.3 ANHAUAFEATVDILD L8]
=2 & & a ~ @ = < o o o
dnw auaraasvedauwloduIgnt lavldglass (duasasdu daléwinlng (donor
substrate) wazi1@186199 1IWAITY (acceptor substrate) lag U{ATsUsznavlddas 0.1
a a 6 A o a
uwmL SurugiasauIgniuas 3.13 - 100 mM glasa luannzinanzaylunrihausasduin
WATH
El]

= e a
2.6 MIANEENUAVBIRUIN
a o 1 a Af .
furnkdalasrinistuiuingasauignd uaz 40%glasalis 50 mM sodium acetate
buffer, pH 6 71 30°C LJuiIa1 24 T 1N9 MNBUANAZNBUAIE 96% ethanol MLdn (USuasaa9
WwihwadSunasans) wad lun 10,000 rpm 10 Wil aznauil basinly dialysis d28%i0 waa
9t luvin 1l uRedanns lyophilized wan3sshawind le ldiiaszhee b
a 6 dl .
2.6.1 MINATILAAUIUN IALas Nuclear magnetic resonance
awanazaelu DO waz ¥MIIATIZHN 40 °C las NMRS-500 125 MHz #1350 3C uaz 500
. o . I o . 4
MHz #%3U 'H Chemical shifts 10 lagifiguny dimethylsilapentane-5-sulphonate (DSS) 4
1% internal standard
2.6.2 NMIATZRIUIAVBIRUIUN LA lag High performance liquid chromatography
(HPLC)
a 6 a o a‘i/
MINATZA HPLC Han1izadds
mobile phase: ultrapure water flow rate: 0.5 mL/min

detector: reflective index 7 23°C runtime: 30 W7

column: Asahipak GF-510 HQ 2119 7.3x300 mm injective volume: 20 UL

2.7 MIlauuAlTiati Astaxanthin dapauinlasldiuiumass

2.7.1 miﬁﬂmﬁw%wamaammﬁmgwam“’aﬁ'm:mﬁﬁﬁwa@iaﬂﬁl,ammﬂsgl,a"ﬁ'u
Astaxanthin

Jidad 4 % sucose 400 lulasaas JiUa 50 mM Citrate buffer pH 6 250 tulasaa s
ninililainngw 4018 lulasaas iU 50 % Ethanol 625 (azldanuitutugariioidu
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10% Ethanol) lulasaas (3807 reaction mixture AFU5HNAT52w 4843 lulasans I nkw
miwamam%nw 30 aventoalTas tduan 15 m‘n ﬂLﬁJ@]mauvLmuamwmma adbl 157
vluimam ﬁnﬂuummimmua mmmam‘mu‘n 30 pIALTALTR Lﬂunm 5 52 lag ¥ns
NANBININTD (2.7.1) LLmLﬂaﬂuLﬂuﬁLﬂ@m 50 % Ethanol 1250, 1875, 2500 haz 3125
lulasdas %dﬁ]:vlﬁmmm”uiuq@ﬁﬂmﬂu 20, 30, 40 WAz 50% Ethanol aN&1aU
2.7.2 Malanualmiati Astaxanthin dazaynawluduin

Tad 4 % sucose 40 lulasans Tia 50 mM Citrate buffer pH 6 25 lulasaas anniudia
wnaw 178 lulasaas Jua 10% Ethanol 50 lulasaas Tl Astaxanthin 50 lulasaas
158N reaction mixture NHUSu@5T0 343 lulasias ﬂ&lmswauﬁ'qmﬁgﬁ 30 a9FLTALTR
Wuian 15wl Duladienloffuwiugiass adld 157 lulasias NI T EUAE
mquqmﬁgﬁﬁ' 30 aveLmaLSas 1wan 5 Galus mi”amnffuﬁ']ayl,mﬂm‘[uﬁvlsi”ml,ﬁ'}
1A309TfnIBs SeaINS 12,000 SoUMNT twasn 15 Wt

2.7.3 ?Lﬂi’lzﬁﬁyjﬁdﬁfu Astaxanthin NanoLevan ez Nanoastaxanthin

3Lﬂi’1$‘1§%§jﬁdﬁﬂﬁ’u Astaxanthin NanolLevan LLlag Nanoastaxanthin ﬁ"ml,ﬂéad Fourier
transform infrared spectroscopy (FT-IR) ﬁ'ﬁéx‘i Tairduvadinal laoidl 10% Ethanol 1Iw
Blackgroud

2.7.4 ﬁﬂmamawmmsmzﬁnﬂ@‘i”aagl,mﬂmh

ﬁﬂﬁ:ﬂﬁ’mm%ad Transmission Eletron Microscopy (TEM) wgﬂumuﬁlﬂu supernate
uaz pelleted WaIINMILBUUALTLATUGIBARI A TUTWIN
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NAN13228

3.1 ﬂ”@Lﬁammﬂﬁﬁﬂﬁw§@1§angmmﬁﬁwmvlﬁﬁ NI Uazhn

3.1.1 M3ILAILNAIDENS
fatnafivnmsanwduiu wazinfsanlssnwinaa INIAYITNG uazandn wazsinfiena
dw:ﬁﬁaumﬁﬁmﬁmmmwﬁmauvl,snﬁﬁu’swgmiavlﬁ TagRINTINNURE I8N TN 92
sgimaagj Nl ENe20ensleVInuA 17 G18819 9N 9 UNES

3.1.2 MIANEINTIWNILLAL T NEY uazin laalda1msiasaideuuundanasuuy
mm‘ﬁ'ﬁsﬂﬂsa Wuunasvasnsuan
Hothladaatng 100 pL asunamnsiaeadanuunds indodalirinawuds aniwinluvud
pawnndvinaiiuiian 16 mIm 3z ﬂsﬂﬂgiﬂiaumu I@Unmwmaﬁmmmm‘mmmauuu
Wi NMIENENUS BT IR 291 1H8

3.1.3 mﬁmﬁz%wamnmmw%mnmsﬁwmmadLau"lfﬁﬁl,muwmuimlﬁqimmﬂu
g3nsdn @057 TasanInsny @ wwuwHwa&ay (Thin Layer Chromatography, TLC)
IINNTNARBITINNITILATIZRE IR TN o UYaIN A aLAzNa AL ST LN YN uT e
Lau"lsﬁﬁuuuwmuiﬂﬂli’sﬂﬂsaLﬂuaﬁWg\aﬁu @855 TLC @20819U8aIaINNT 3 uas 4 99
wuhmsvesewloduuuwenudildainide B1, B2, B5, B6, B8, F1, BS, H7 WazH9 &14130
&lﬂ&l‘ﬂﬂiﬁ I(ﬂzlaam@lwuﬂimmmaaﬂma‘ﬂa@aaL&lammumwﬂummmu wazdUum
maammavxliﬂima LLawmmaﬂaIﬂamermmu uaﬂmﬂumwmwﬂimmmaam@naWsnTma 3
uaﬂﬂ’nmmaﬂaiﬂa mmmaﬂsﬂimaﬂmﬂﬂmaa ildsadunedines mmmﬂuﬁm
LmumuUSLamiﬂaﬁ]@Lsmmaamsmama (spot) VBIUAHK TLC A1A918193 Lﬂul,auvl,eﬁumnu
g ’i]’muuu’]L"Iiaﬁ]’]ﬂa(ﬂElﬂL“EE]&I’]‘Y]’]I%LTE]US&‘Y]ﬁ@]’JUL‘Y]ﬂ‘Lm streak plate e208915anIuaaln
WA 5-7 mwa@mmmwmmﬂmmmuamumsluwwamUmsamﬂmwamnmsﬂmn
High performance liquid chromatography (HPLC) ¢ia b

15



a

S G F B1 B2 B3 B4 BS B6 B7 B8
P a &€ a [ e o o o 6 A o &
AINN 3 mi’ams']:'viNa@mmmw"l@]mﬂmsmmsmmwaaLauvleﬁu LL?J‘JJ‘I)\EI']‘JJYIVL@ITMT’]L“EE]
B1-B5, 16, B7 .azB8

A L9
S = Sucrose standard G = Glucose standard F = Fructose standard
¢ = Inactivited enzyme 11 Lﬂuéﬁmuqumiﬂ@aad a = Activited enzyme

S G F F1 F2 F3 F4 F5 H6 H7 H9

mwﬁ 4 mﬁmﬁzﬁwﬁmﬁmﬁﬁvlﬁ'ﬁl’mn’ﬁ’f@m’ﬁﬁﬂmwnadLauvlsliﬁ LLUU%UWUﬁVLﬁQWﬂL%a F1-
F5, HB, H7 LLazH9

S = Sucrose standard G = Glucose standard F = Fructose standard
¢ = Inactivited enzyme 11 Lﬂuéﬁmuqumiﬂ@aad a = Activited enzyme
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P & aa Ao A v A& a _a @
ANN S LDDLUANILIY B1V]ﬂ@LaﬂﬂvLﬂ sﬁﬂu’]ﬁlza']uqiﬂNa@lﬂLLau?Lﬂia‘lﬂ
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P & A a Ao A v A& a _a Y
NINN 6 LTDLUATLIY 16(B6) 'ﬂﬂ@laaﬂﬂvl,ﬂ %Guﬂﬁ]‘;mmmNa@]aLL’Jngﬂiﬁvlﬂ
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{ g U A 1 a v
AW 7 L\ Tauuafilse HE(BS) Naatianla mma:mmmNamﬁl,nwgmsavl@
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3.1.6 MINATITANAAN D a8l High performance liquid chromatography (HPLC)
1N reaction mixer VIR2ALNI B1 INHIMINATIEH HPLC Lo Euguwnaannsitnmssiais
TLC lagd sucrose, glucose, fructose Lﬂua’lim(ﬂ‘ig’m %ma HPLC chromatogram UHAIAI
AWT 8 uaz 9 97N HPLC chromatogram Wu31 ﬂ’%mmﬂ%’ﬂimqwﬁmaaﬁmziw,ﬁaﬁmw”ﬂ
auﬂ%mmw;ﬂimmaqf’q@muquaamlﬁa ﬁﬂ’%mmﬁaUﬂiwﬂ%mmﬂgiﬂaqﬂﬁmaaﬁaazhat.fiaﬁ
nRnavdiumnglaszasganiuguasnudl usasihTanawinlasudiume’ly BIuaas
de;anaﬁmﬂvLﬂifuﬁLauvleﬁﬁ levansucrase %1 14n138319 levan e3tiudaagng B1 398n3

NR® Levansucrase

0.0010 “||
|
0.0008 ‘ |

0.0006+

DelRIU

0.0004- |

0.0002 | \

T T T T T T T
(A) 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

0.0010H | ‘
0.0008 ‘l |

0.0006

DelRIU

0.00044 | ‘
0.0002+ |
\

ooooH———————————————— —

L e e B e L E e e e e A e e L s e s e e e e e RN A
0.00 200 400 6.00 800 10.00 12,00 1400 16.00 18.00 20.00

(B) Minutes

0.0010H I
0.0008 ‘l |

0.0006+

DelRIV

0.00047
| |

0.0002+ |
|

0.0000— - — ——

S B A e B e B B S S S e B A
(C) 0.00 200 4.00 6.00 800 10,00 1200 14.00 16.00 18.00 20.00

A 49
AN 8 HPLC chromatogram Uad81307163371% a9 laun sucrose(A), glucose(B), fructose(C)
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DelRIU
.
3
N

T T T — T T T T — T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Mnutes

DelRIU

] | f\ | \
0o _ R S~ _

T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

T — T
16.00 18.00 20.00

ATNH 9 HPLC chromatogram Ua4a2aging B1
(A) = HPLC chromatogramz@32at14 B1fiiludiaiugu
(B) = HPLC chromatogram2a4618¢14 B
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3.2 ﬁwmss:q"ﬁﬁmaaLmﬂﬁﬁﬂﬁmmmNﬁ@lﬁmwgmsa

3.2.1 Amnasevdiad (1o W lo) lavdsuvafiSefidaionld 3 sunug Niuenfid
a a A A &a ’ ca o A o
AuadduingiATagIfa B1, B6 uaz BS 1A a1 v NH AN e A RATTININ &D1LWITL
a 1 & = o = o >
Angneaasuazinaluladurilszine lng SINan1IasILUNTRALLUATNIISIF W% 3 mﬂ‘wuf
WU

B1: Bacillus subtilis/amyloliquefaciens 99.8%ID
B6: Bacillus subtilis/amyloliquefaciens 94.7%ID
BS: Bacillus subtilis/famyloliquefaciens 96.1%ID

(MoaztduaadanTauuuluaianmun)

3.2.2 AIBuNBUAUILEDaY 16S rRNA
liesnnnsAnmansmensdaginineuszaniansiuailisunsosyadffues
wuafiSefinen’le gﬁﬁﬂﬁaﬁadmsﬁuﬁuwaﬁﬂﬂ%hzlLﬁaﬂlfﬂwsm%wLﬁwéwé’mumadﬁw’fﬁa
inmvauinygs mineaasiainduin 16S rRNA danadia PCR lagldaiduie lnsiwes
pA waz pH’ uazlaslulovesdiiuevasuuafisonssusiaduuiwuy lenassnind 10 91n
M3NARBIIATIZHUUIATES PCR product Ale Fu11aUs20nme 1.6 kb 9NNttt GudLswad
vlsﬂﬂﬁﬂﬁu%qwﬁcLtﬁﬁﬁﬁﬁﬁmaﬁmumsﬁﬂﬁu?qﬂﬁhﬁﬂﬂL%awﬁ'uﬁl,ﬁmawwm pGEM T-
Easy us2d914g E. coli s1uWu3 Top-10 iRasaLaan E. coli fimainasdidifuanine i
16S rRNA uninatlas3s blue-white screening aNadLaULaN1INZBANINLTAR E. coli L&A
iU fafduniiesmnzaas Ecorl nsiuasiasauamwialagy agarose gel electrophoresis
Galdnaasnind 11 sanmnasssnuitguisnlaandu 16s rRNA lagifaudhiudifue
Wriz laass aeae mu"lm*]mumamamm@ 700 WAZ 900 IUE %a@aaﬂmmnmamawmw
U149 3.3 kb lapiSandiBuaninsiisiu 16S rRNA LL‘Y]iﬂE]EI‘WJ’] p16s_B1 p16s_B6 Waz
p16s_BS enus1au

91N%uiN p16S_B1, p16S_B6 uaz p16S_BS wwidraufinnalelne lasfiu 168
rRNA 189 Bacillus sp. B1, B6 uaz BS dd1aufiinilalnduuia 1542, 1540 uaz 1543 gius
AUEAU(LEAIAINIaNWIN 1) iathdauiiindlalndasnarldiseuifisusuiusia
Wennuludsifiacns 9 A wuindu 16S rRNA 289 Bacillus sp. B1, B6 kaz BS inflounuiu
16S rRNA v 83 Bacillus amyloliquefaciens XH7 (CP002927.1), Bacillus amyloliquefaciens
subsp. Plantarum CAU B946 (HE617159.1) wa ¢ Bacillus subtilis subsp. subtilis RO-NN-1
(CP002906.1) ANN&1GL T,@mwmmﬂasmummmmuau 99 % mtﬂmmmlﬁsmaﬂﬁé‘l@

mﬂwamsmaaommﬁwwﬁumaaLmﬂmm‘nmmmNa@]mnummam 279% fa
ATmInasaudaadl LLﬂJJﬁLUSU‘UL‘Y}il‘]Jﬂ’]@‘j_lL‘iJﬁﬂla\‘] 16S rRNA m’l,%m"l&lmmmswqaﬂ"nsw
wineuvasuuafisefugn laasinluduitssimualwuuaizons 3 suWug Ao B1 B6 uaz
BSiilw Bacillus sp. B1, Bacillus sp. B6 LRz Bacillus sp. BS aNEIAL

Tuawsseilidanuueiiisy Bacillus sp. B1 9ldanin snvihmmasas iesaniuam
TATH fndale T activity 84
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kb

231
94
6.5

2.3
2.0

2NN 10 WRAIEU 16S rRNA nuuafsanuanle tatwninwinlasnisvin PCR lag
17 Gdwalwaiuas pA uaz pH' Id Fuduawiailszanm 1600 giuw

laprimuald Lane M 1w @L8utaanasgiu A/Hindlll

Lane 1 PCR product 310 WUANL38 B

Lane 2 PCR product 911 wuafi3e B6

Lane 3 PCR product 910 wuaise BS
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(2

2NN 11 N3laawin 16S rRNA nLUaANSuNLeN laNasaInaTuiw 16S rRNA aan
ANALBWNIRE 1AUNNIIAANLSIIMIILNIZY EcoRl

lasfnuald

Lane M Aduaaasgn A/HinDIII
Lane 1 p16S_B1

Lane 2 p16S_B1/EcoRl

Lane 3 p16S_B6

Lane 4 p16S_B6/EcoRl

Lane 5 p16S_BS

Lane 6 p16S_BS/EcoRI
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=< an = = A a o A A
3.3 Anwaudfvasdwingiassuaziviniindaldnnuuaiise
3.3.1 MIKAARUIUTIATE
g A A 1 & & A a I oA A 0 '
Wosuuafiluamaidsadeuwuumaindglasey Nannd 30-50°C, 1wt 250 rpm
LWIIAT 7 2% T,(ﬂUﬁﬂﬂi@li?ﬁ]f@]ﬂ’]iﬁ’]d’]%"ﬂE]dLEl%VL‘UﬂYJﬂ’S’u
MIANBINIHAARUINTLATE 91N Bacillus sp. B1d18811131889 LBS Nigmann e, 37°C
oA A v A ) ° ed o v A &
uaz 50°C wuifigaunndnes uaz 37°C Juwiliumahanuesenloiniasony de towlssd
I wladdinuduaindiun 1-4 lasdan activity lug29 0.0-0.6 ez 0.0-0.8 U/mL
ANNEAL I@ﬂﬁmgdq@lufuﬁ 4 @9 0.6 LAz 0.8 U/mL @NE10U 2N ki vinduanad
unszvie il activity 1windl 6 uaz 7N 7 anudray daufigunnll 50°C tawladimavham
Y A & & Y { ' L. ' ' o {
ladiAntuaIudIun 1-3 laiidn activity luga3 0.1-0.8 U/mL lavfidngegaluiun 3 Aa 0.8
U/mL nHistan bk vinanuanadannsznd sl activity luind 6 asuaadlunind 12
MIANINIHAAALINTIATE AN Bacillus sp.B1 d1881131A8I MMS flgunndnas,
37°C uaz 50°C wuifignndnas uwaldumsrnusesenlaw fa euloiinsvinule
A X & Ve oA ' L. L ' o A
AuntuaIudIu 1-3 lasfidn activity lug4 0.0-0.3 UimL lapdegegaluiud 2 da 0.3
UimL audey aniuanlodinuaaasaunszn il activity ludun 5 igmnnd 37°C
o v A & & Lo A \ L. . o
i loiinsiuladiiuduasndui 1-3 laafian activity 1ug34 0.1-0.4 U/mL anud1ay
lapfd1gegaluiud 3 Ao 0.4 UmL anuday nnwenlsmivhauaassaunszyialid activity
luiun 6
1 { a o v nl ; 0?: (K { ' ..
grungunnd 50°C tanloiinsroulafiRnduasudiui 1-4 laofen activity
w24 02 -0.6 UL laofidgegaluin 4 e 0.6 UmL Mnuwenloivhauaaasaunszriy
e » P4 - .
WARE activity LYINNU 0.3 U/mL @9uFAILUAINT 13 TINNHANARBINITIANITHIII UV
enlodanamalssdanuninaind 2 sila wonznangalunades Bacilus sp.B1 fa
famnndl 50 °C lapawnaidsaide LBS Itiadesfigaluninia fa 3 71 daua1miaians

LAEAIAINTNA 14
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1.0
__. 08 - ----¢--- 50 celsius
—
E _____ re. —— 30 celsius
50614 e ~ ,
= . 37 celsius
Fy
S 04 -
E
0.2 =S T
.' .........
0.0 -+ T T T T T T T T T “.“.:.“ ™ T T L T
1 2 3 Tiﬁ1e(Days) 5 6 7

2NN 12 NTMWLRAINTINE® Levansucrase U84 Bacillus amyloliquefaciens luam1s LBS 71
a9 93N ind 1-7

1.0
----9---- 50 celsius
= 0.8 1
E —— 30celsius
06y S 37 celsius
> e ...
2 041 L v
'IE d-- """""" "-.. ............... L 2
< 02 A :_/
0.0 T T T T T T T T T =
1 2 3 Ti#le(Days) 5 6 /

2NN 13 NMWUFAINIINRG Levansucrase U4 Bacillus amyloliquefaciens lua1113s MMS 7
a9 9T ind 1-7

1.0

0.8 A —m— LBS

0.6 A MVS

0.4 A

Activity (U/mL)

0.2 1

0.0

Time (E?ays)

AN 14 NINLRAINILUS LA BUNIIYIN9 U89 Levansucrase 114a1%13L8891%8 LBS LAz
MMS ﬁqmﬂ{]ﬁ 50°C JeRIN9IWN 1-7
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3.3 MIAnmanAvaIALInTLATS

3.3.1. n15AN®I pH ‘ﬁlm VILRUGDN1TN191UVBI Levansucrase 311 Bacillus
amyloliquefaciens
ANSANEN pH ﬁm&n:amiamsﬁﬂmmad Levansucrase 310 Bacillus amyloliquefaciens a8l
819W131AL4 LBS ﬁqm%gﬁ 50°C lasmananvaslfAsolaofinadsuuias pH 189 buffer
Tuz29 pH iy 3.0-10.0 wudttewloadGuu lfunsvinsnwmAnduasue pH iy 3.0-6.0
Tapdfidn activity 1ua19 0.9-1.2 U/mL I@mau"lsﬁﬁﬁﬂmuvlﬁﬁﬁ'q@ﬁ pH L¥iNTD 6.0 91N %ku
lanlmivnuanasaunszriaiwie activity iy 0.3 U/mL 7 pH wiany 10.0 aauaasluawd
15

3.3.2. msﬁﬂ‘mqm%gﬁﬁ'mm:amiamsﬁﬂmumaa Levansucrase 31N Bacillus
amyloliquefaciens
ﬂ’]iﬂﬂmﬁam%n&l‘nmm FUGDNIIVINI1 WV levansucrase 3NN Bacillus amy/ollquefaClens
mmmmnam LBS 71 pH Lvinfiy 6. oimmswamaoﬂgmm I RPTRI I ISCI R %
qmvxg&l‘n 30-80°C wmnauvl,muuLmﬂumwmmmwmummeqm%{]u 30°C - 50°C law
fien activity lug9 1.0-1.2 U/mL Lauvlsﬁﬁﬁmﬂuvlﬁﬁﬁq@ﬁaqm%nﬁ 50°C Aafidn activity 1YinAL
1.2 UimL 9nsistawladfinsvineuanasaunsenisinia activity 1¥infiu 0.3 UmL *ﬁ'qmﬁgﬁ
80°C aousaslunmnii 16

3.4 N13lAaW, mi‘m531@”uﬁaﬂﬁia"lﬂﬁl,l,a:mmamaamjaaﬁuﬁuawﬁqmsmwmmmﬁ?mﬁ
AALRaN LAYl MYad ﬁl,nwgmsa

3.4.1 MIlaan LLaszeh@"’uﬁmﬁIavlmeaaﬁuﬁmwgmmmnLLUﬂﬁL’%‘Uﬁﬁ'@Lﬁaﬂ
¥iNN138na Chromosomal DNA Taduuafitsalas35uad Sambrook LAZAME 2 INLKITYINNNT

% e . = ' .
laaulagld PCR amplification 4394 chromosomal DNA tJwusiuuy waz DNA primer Va3 fAua
WIUTLATE ﬁﬂmsaammﬂ@ﬂfﬁagamad ﬁuﬁumgmsaﬁﬁa%ﬂu Genbank Lﬁadmmgﬂ@aaa
o ' P A A A v o =< A &
mvlwmmms:qaﬂmmmuamaammmmmmﬂvl,@ gmaaawaaﬂLmumamavlwmaﬂm
o @ A A v . L ] [
msl,ﬂ’%‘m‘uLﬁzmm@umﬂﬁiavlmﬁsmLLﬁJawa’Lﬁﬁmwgmsamﬂ Bacillus mawufma 9 QLAY
A A & & 6 o ' A o A« A &

lunianuwin tanasadldaaua insimasainatius winaawa lagltlaslulauaadiauwe

) A o ¢d a A Aa and A & A& % A
N Bacillus sp. B1 Salusmonuinuinduiugasaiduendliagengaduaidniaduuuy (la
SATIZHHAAN AT PCR WURLAWLANROA W UUIAUTZ N1 1.5 kb LNDITRALALY asuaadls
NN 17
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activity (U/mL)

0.0 T T T T T T 1

pH

a

NN 15 NIALEAINITHNINUVBI Levansucrase MAT pH 3-10 ﬁqmvmw 37°C

U

14 -

1.2 -

1.0

0.6 -

activity (U/mL)

0.4 -

0.0 T T T T 1
30 40 50 60 70 80

temperature ( °C)

2NN 16 NTMNWUFAINIIVINIIUVEY Levansucrase luﬁaaqmﬂﬂﬁ 30-80°C 11 pH 6.0
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kb

23.1
9.4

6.3

23
2.0

M 17 MR wudsiuugaIRnuueillse Bacilus sp.B1 doinaiin PCR

Taufinual® Lane M M Hindlll
Lane 1 N'éi@m”msﬁ PCR T%ﬂ@]ﬂﬁmJ']m 1.5
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kb

23.1
94
6.3
4.5
23
2.0
M 18 n'lﬂﬂauﬁuﬁl,rmigl,ma
Taurinnualw
Lane M M Hindlll
Lane 1 pls_jet
Lane 2 pls_jet/EcoRI
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&, o ' v a Y d v o ¥ . .
nnuuhaduedinaliuIgniudugendnudiduenine lauld plet cloning kit
(fermentus, USA) uf1&ang E. coli :18%u3 Top-10 LNadaLian E. coli in1ainazididue
winzNdduduingiase uninaglas3d blue-white screening anadAiauaWIRzEANINLTAR E.
coli WK I I AANF IR UITIUNITAI8 EcORI INNHUATIIRBUIUIA LAY agarose gel
LA @ o A ' v A
electrophoresis 49 leHaAININT 18 ANMINAsaInLIImINIIlaanduAwIUTLATE TdaTe
aoazinledndTuaiswormalszanm 1.5 Alaws naaganInANdLdwannzama 3 fila
LR I@mmﬂmamawmmmmmnummmmsnaﬂm'} pls_jet
mnuum pls_jet mmm@umﬂaiavlm@ WU open reading frame Y%1@ 1419 @;L‘Lla
A A, = = o v a = & A a ) )
(nMwl 19) WavhmuuSouifisuiduiaailaindvasduduingiata an Bacillus sp. B1 fiu
A A AA AaA LA @ ' A A v A A
Busuugiassanuuafiiiondnenuls GenBank wuudindfianumlannuiuduan
TATRIN Bacillus amyloliquefaciens (EU668142.1) wnfigalasiianuinian 96 %
Waudasvimdulusaulaldsfuniinsaazilu 472 61 1laas213m signal peptide 1ag
SignsIP WU signal peptide agn1sauatsazilusassenefidding lavfidunisdaag
senderanfiudunien 29 uazladuduniaf 30 wulaunuayiny 4 launufiwuiaualy
1 =) v 1 A H v =)
nguvadinaladaunsudinaisa laun WMNDPNG Faidulausufitsznaudisnsauaanin
° ' d A ° 9 { PN A {
Funrdn 86 TIvinnrNiduiinalalug launw WSGSA launw RDP Gatdulauuud
% a o 1 { A o v { age ays
U32NaUa18NIALEFNIANALRUIN 247 T9¥inntinfidu transition state stabilizer W&z IERAN
A A Y A o oA A o v A . A
Fadulaunuiidsznavdronsanganfindunien 342 Sevimtinidu acidibase catalyst Ll
dwinhmsinluanaanaauninezdlunuildsduiidminluanaidu 52974.12 anadu
uazdl pl 1w 7.13
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atgaacatcaaaaagattgtaaaacgagccacagttctaacttttacaactgcacttctg
M N T K K I v K R A T v L. T F T T A L L
gcagggggagcaactcaagccttcgcgaaagaaaatacccaaaaaccttacaaagaaacg
A GG A T O A F A K E N T Q K P Y K E T
tacggcgtctctcatatcacacgccatgatatgctgcagatccctaaacagcagcaaagt
Y G v S H I T R H D M L Q I P K O Q 0O s
gaaaaataccaagtgcctcaattcgatcaatcaacgattaaaaatattgaatctgcaaaa
E K ¥y Q v P QO F D QQ 8§ T I K N I E S A K
ggactcgatgtgtgggacagctggccgctccaaaacgctgacggaacagtagctgaatac
G L D v W D § W P L 0 N A D G T V A E Y
aacggctatcacgtcgtgtttgcacttgcaggaagcccgaaagacgctgatgacacatca
N G Y H vV F A L A G S P K D ADD T S
atctacatgttttatcaaaaggtcggcgacaactcgattgacagctggaaaaacgcgggce
I vy M F ¥ Q K v G D N S I D S W K N A G
cgtgtctttaaagacagcgataagttcaacgccaacgatgaaatcctgaaagatcagaca
R v F K D s bD K F NA NDE I L K D Q T
caagaatggtccggttctgccacccttacttctgacggaaaaatccgtttattctacact
O E Ww s 6 8§ A T L T S D G K I R L F Y T
gacttttccggtaaacattacggtaaacaaagtcttacaacggcgcaggtaaatgtgtca
D F S G K H' Y G K Q S L ™ T A Q V N V S
aaatccgacagcacgctcaacatcaacggagtggaagatcacaaaacgatttttgacggce
K s D s T L N I N G V E D H K T I F D G
gacggaaaaacatatcagaacgttcagcagtttatcgatgaaggcaactatacatccggce
D G K T Y 0 NV 0 Q F T D E G N Y T S G
gacaaccatacgctgagagaccctcactacgttgaagacaaaggccataaataccttgta
D N H T L R D P H Y v E D K G H K Y L V
ttcgaagccaacacgggaacagaaaacggataccaaggcgaagaatctttatttaacaaa
F E A N T G T E N G Y Q G E E S L F N K
gcgtactacggcggcagcacgaacttcttccgtaaagaaagccagaagcttcagcagagt
A Y Y G G S TNV F F R K E S O K L Q Q s
gctaaaaaacgcgatgctgaattagcgaacggcgccctcggtatgatagagttaaataat
A K K R DA EL ANUGALGMTIETL N N
gattacacattgaaaaaagtcatgaagccgctgatcacttcaaacacggtaactgacgaa
by T L K K v M K P L I T S N T V T D E
atcgagcgggcgaacgttttcaaaatgaacggcaaatggtacttgttcactgattcacge
I E R A N V F K M N G K W Y L F T D S R
ggttcaaaaatgacgatcgacggtattaattcaaacgatatttacatgcttggttatgta
G s K Mm T T D G I N S N D I ¥ M L G Y V
tcaaactctttaacaggtccttacaagccgctgaacaaaacaggtcttgtactgcaaatg
S N s L T G P ¥ K P L N K T G L V L Q M
ggtcttgatcctaacgatgtgacgttcacatactctcacttcgcagtgecctcaagccaaa
G L Db P N DV T F T Y S HF A V P Q A K
ggcaacaatgtcgtgatcacaagctacatgacaaacagaggcttctttgaggataaaaag
G N NV VI TS Y M TN R G F F E D K K
gcaacttttgcgccaagcttcttaatgaacatcaaaggcaagaaaacatccgttgtcaaa
A T F A P S F L M N I K G K K T s VvV V K
aacagcatccttgaacaaggacaaactgcagtcaaccaataa

N S I L E Q G Q T A V N Q0 -

A s @ A a & o o A a . .
AMNN 19 aq@]U%'JﬂﬂIﬂvLﬂ(ﬂLLﬂzafl@]Uﬂﬁ@]az&]IuTaﬂaLL']u‘gLﬂia"ﬂ']ﬂ B. amyloliquefaciens

'
A o

Signal peptide tumadatanle 1 1dw vsmnintaazdlunyininAinsnuAuMTLS
U5 uiuaodaidule 2 Lau
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a =~ .
3.5 MIUFAI88N LAz IIUIINTVBIALIUYLATH 91N recombinant LsKK
n1IuaasaanvaBuduIngiaTa (is) 1 £ coli Top-10 langninfizasindas 0.1mM
' & & Y ° ¢ A o & o A
IPTG wmnau%uagiumaa zdasriiniTuanisastnatiaulaiaanyn lasldiasas
sonicator
1 ° a Afd o 6 all (% 1 [ 6
Iummaamimmqwﬁamwgmsa Banloirne U lduINIwAaaNTILLL CM-
TOYOPEARL-650M HAaN1INARAILIAIAIANITINN 5 WaZAIWNA 20 SDS-PAGE WUINEINIID
o wa a Q;A/ ] =1 (% a A 6 a a A(ﬁ
m‘l%amwgmsamqmmu 58 1711 laudmslanauAwuIuadLan oy 45% I@ﬂwmmmqmm
95% LLas SDS-PAGE WULLWIUIAWINEY 1 LU IU1a 54 kDa

a Af .
A3 5 msmmqum&nwgmsa lag ion-exchange chromatography

Protein Activity Fold Yield
Total
o _ Total Specifi (%)
Purification volum Protein Total
Activity activity C
step e (mg/mL protein o
5 (U/mL) (U x  activity
(mL) ) (mg x 107) .
10%) (U/mg)
Crude | 25 6.47 161.65 4.72 118 0.73 1.00 100.0
TOYOPEA
RL-650M 52 0.05 2.62 2.15 112 42.19 57.79 94.8

= [N a a A a ) A A

3.5 Anwautfvesduiugiatauaziwinindaldnnduiuingiass

enlminnyiliuIantags wazliawia 54 kDa (nwf 23) landgunnd uazed pH 0
LANIZENGENIIVINIY Aa 30°C WAz 6.0 AMNEIAL LEAIAININA 21-22 acceptor specificity
anafune lasdfasemssvgniilasd glasmiudald uazd usaalsdofiadise idudisy
wnnlng LskK &91a312W FOSs wiladni g anaisunans 9aiia dsznaudis uaalng ns

a a a a a A I @ o d'd L3 dl

alas lolag duludnea unuiinea lodnas waz Wi lug Tadu @250 LaaIAIAIND 23

& a A a Y & = < o ol A v a A
wannit Awinfindaldaniaaglassdussasdn laglauiumasa 71 30°C 1o fuauds

A =
fauraluiana 11, 1000 waz 4700 kDa lasdAuindsfivuraluianaidin (11 kDa) Ldu
a @ ¢ o = & & Y . . A

nAaAmsinan lunmsfnmauacaaivedianlsd LskK gnuaaddis MM type kinetics (Nwfi
24) WU Ky A8 7.14 mM §1%3UU 327 hydrolysis
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kDa M 1 2

4 a o a n‘ . v
2NN 20 ﬂ’]S’JLﬂi’]:ﬁmi“n’miqﬂﬁmadﬁLL’JuﬁgLﬂSa lag ion-exchange chromatography @3¢
SDS-PAGE

Lane M: protein molecular weight marker,

Lane 1: crude enzyme

Lane 2: CM-cellulose pooled fraction
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std lac mal  xyl fru cell tre raf ino xyli  man no su std

ANN 23 NMFIATILH TLC 284 transfructosylation products
std, standard; lac, lactose; mal, maltose; xyl, xylose; fru, fructose; cell, cellubiose, tre,
trehalose; raf, raffinose; ino, inositol; xyli, xylitol; man, mannitol, no, no acceptor, suc, sucrose

(-), no enzyme;(+), enzyme

20.00 -1/Vo (U.min)

15.00 -
10.00 -

5.00 -

0O-00.

-o.zo/-o.ls -0.10 -005 0.00 005 010 0.15 020 025 0.30 0.35
-5.00 - 1/[S,] (mM)

ATNH 24 Lineweaver-Burke double reciprocal plot of B. licheniformis KK9 levansucrase
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AN 25 *C-NMR and "H-NMR spectrum of the polymer synthesized by LsKK-9
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Tun15An1813C-NMR spectrum 284NafLNBSNNAAINN LsKK-9 WU 6 resonances 7

Y P A A o A
104.2, 80.3, 76.2, 75.1, 62.1 LA 59.9 ppmLLIAIAININN 25 B3 resonances IANBWIUSLANDY
AUWIWIN B. polymyxa, B. subtilisand B.lichenimisshown %8 nann % chemical shift ¥ 84

anomeric carbon, 104.2 WAz 103.6 FLWIAUIN waRuwaalsd SWuszaasuuude -2, 6)

A ) o A & a
linkage TILUWNWTEHRAN LA [3-(2, 1) Ga1JuA9 The 'H-NMR spectrum uaad 7 1Usasan
3213149 3.8 LAY 4.8 ppm

3.7 MIlanuaUgLaT Astaxanthin ﬁaﬂﬁLL’JuI@ﬂWﬁLLausgLﬂia

3.7.1 miﬁﬂmﬁw%wamaammﬁmgwam"’aﬁm:mmﬁﬁwa@iamimmmﬂsgl,a"ﬁ'u
Astaxanthin

msﬁﬂmﬁ'ﬂﬁwamawaammﬁmgfmad@T’;ﬁ'}azmﬂﬁﬁwa@iams.tammﬂgm%’u
Astaxanthin lapLaswuasnnuitutuay Ethanol i 10-50% Ethanol laslguazaiugy
qm%gmﬁagjﬁ' 30 o9@LTaL s w81 5 Talug WU 0% waz 10% Ethanol 970
fvazanela ﬁﬂ’mﬂﬁﬂmmauﬂuﬁmmju ANHUSARIIADRRDLR G'fjwzﬁmmajua@aufia
AT NI U Ethanol 1indw Taswui1 10% Ethanol §NNTDLAKUALTLATU Astaxanthin
a4

3.7.2 MilauuALPLaTY Astaxanthin Gaoaunaw luawI

NNMILOULALTLATY Astaxanthin GI8RUIUTLATH wazs ligna3ostTuiniss dae
A2NL52 12,000 SaU/MNT LDwan 15 wfl wudn beansazan s laFuadqy walansnauiues
Saaznawiilade auNAVBY mimaml,ﬂﬂsgl,a"ﬁ'madms Astaxanthin  waztUSoufinunumlu
AUt seann astaxanthin wuiﬂﬁmsazmﬂﬁmnqjml,azﬁm:ﬂauﬁmmju

3.7.3 mﬁmi’]zﬁm{jﬁdﬁfm}ad Astaxanthin NanolLevan LR Nanoastaxanthin

mﬁmi’lzﬁ%gﬁdﬁfu"uad Astaxanthin NanolLevan L8z Nanoastaxanthin @Twm'%iad
Fourier transform infrared spectroscopy (FT-IR) NaLLam@Tamwﬁ 26

WUIRIUNATNLBY Nanolevan ﬂﬁﬂgﬂ'ﬂ@"mmuwaa C-O E]%lj‘ﬁl 1109.10 cm™ uagwy
RAGIULWUIVE9 C-H Streching a%i‘ﬁ' 2953.90 cm, uas#l 1573.90 cm”! %uﬂumawgﬁaﬁﬁu
nguzasaslulaiaas 1622.3 cm” wazwuduntsuaslnaladan agﬁeﬁ,mm 1698.3 cm”’
saulumalianzing Weriduas Astaxanthin wuinngRadunieas c=0 agjﬁl 1738.17
cm™ RS WURAGUAIITEY C=C ag}'ﬁl 878.80 cm™ , WA WA 3200 3400 cm aziduwas
wyarTu O-H stretching  uazlumsdiaszyimylariduaznudn Nanolevan azusingiiadi
funig 16223 cm'! uansmzianizzasansiunguaiilulaians Taafi Nanolevan uas
Nanoastaxanthin 9213 RAGILRINVES C-O-C 1698.3 cm™ indauru Fuduwsitusas
nauwusy Inaladanudazlainulu Astaxanthin
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3.4 AnwanizeImInedmaymamly

A1NN1TIAIITAAITNTLAINUAIVD I agﬂ’mu’liuﬁ’sﬂméadTransmission Electron
Microscop lagld pellet 284 nanoastaxanthin L&AIRINIWT 27 WU é’nmmzmaaagmﬂﬁ'vlﬁ
dautnanay 21AeuN1ALIZNM 220 nm MINTzANEdIvatayManeutiIies uazlusiu
289 Nanolevan LRAIGINTWA 28 WL aunnazlanwazdaudinay uazivurnaunna
Uszanm 90 nm uazlusugaroazdunisliaszieuniawilu lu supernate LRAIAININT
29 WU auMAlinINIzNeaIf IwmavadeypaaliansmzAautINaN uazaAIAlUwG
Uszunmh 110 nm

mwﬁ 27 LLﬁ(ﬂx‘l’ﬂELﬂ’]ﬂ Nanoastaxanthin GT’J Uﬂﬁaaqammﬁﬁtﬁﬂmammudaochu
(Transmission Electron Microscopy) 1892818 500 nm

2NN 28 LeaIann1a Nanolevan @‘f’aEmﬁ’adﬁ;aﬂﬁﬂﬁatﬁﬂmiammudmﬁhu (Transmission
Electron Microscopy) fasueny 2.0 MM ez 500 nm
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2NN 29 L&aIan1a Nanolevan @?’JUﬂﬁ’adﬁlaﬂﬁﬂﬁatﬁﬂmiammuﬁadw"m (Transmission
Electron Microscopy) fa9uey 1.0 nm
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a‘gﬂwauazaﬁﬂswwa

1. miﬂ”mﬁaﬂLLUﬂﬁL%ﬂﬁNﬁ@ﬁmwgmm annuazau las'lddaiden Bacilus
amyloliquefacien KK9 %awﬁmﬁmu?mmﬁﬁwmﬂﬁﬁ T M3LlAaK NIEIEeUiaaGle
nd uazusaseanvasduduingiaInan Bacillus amyloliquefacien KK 'la

2. Budurugiaaunsnaglunaiaiia piskk duua 1.5 kb \langrau DNA 2aslunanadie
plsKK ﬁﬁﬁu&nwgmsmmiﬂag wuflu 219 1,431 bp uazlusduiinsaaziily 477 é7 uazen
pl/molecular weightﬁiﬁﬁ]’lﬂﬂ’]‘iﬁ’lu’lm 7.13/53.4 kDa. signal peptide sequence ‘ﬁl‘ﬁ’lwmﬁ
nynaziilu 29 @afians Neterminal

3. toulaminntiliuIansgs uazliaua 54 kDa landigunil uazen pH Awunzandans
9 A 30°C waz 6.0 ANdaL @nwn acceptor specificity lapd glasaidudali uazdl use
anbsdafiadng g iudrsuninining wudt uaalng nianlas lolas Guludnes uuuines
lanos wazwillug Sadu dr5uia wenani ﬁmu‘ﬁwﬁmwﬁnﬂﬁﬂmazqimmﬂumm%ﬁu
lavlgiungiare 7 30°C 'l ﬁl,nw'fjaﬁmumimaqa 11, 1000 waz 4700 kDa las@awinded
aluLanaldn (11 kDa) unianmaingn

4. NNINLEULALTIATURNT Astaxanthin dapaunaw luiLIL uazanMIdnsdninazas
mmﬁmgwaa@ﬁ*ﬁm:mnﬁﬁwa@iamnaml,ﬂﬂegl,a%’u Astaxanthin f8aRM1AWlUALIN WU
7 10% Ethanol owlmiauisanfasuniawluduinldd n1sfiansiniInszansdizes
agn’muﬂué”sElLﬂ%ia\‘lTransmission Electron Microscop W13 Nanoastaxanthin ﬁa‘lgl,nﬁm‘ﬂu
n3naN aunaiinInszaned duwaeuniadszanns 110 nm uazlusiugarine Nanolevan
2INAVBIABMATANBULAINTUNY TvuraauniaLlszanas 90 nm
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Table 1. Characteristics of the bacterial strain B-1: Bacillus subtilis/amyloliquefaciens

Characteristics Reaction
Gram reaction +ve
Catalase +
Fermentative production of acid from:
Glycerol +
Erythritol -
D-arabinose -
L-arabinose +
D-ribose +
D-xylose +
L-xylose -
D-adonitol -
Methyl-BD-xylopyranoside =
D-galactose -
D-glucose +
D-fructose +
D-mannose -
L-sorbose -
L-rhamnose -
Dulcitol s
Inositol -
D-mannitol -
D-sorbitol +
Methyl-aD-mannopyranoside -
Methyl-aD-glucopyranoside +
N-acetylglucosamine =
Amygdaline +
Arbutine + ) A

Remark : +ve = Gram positive bacteria
+ = Positive reaction
- = Negative reaction
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Table 1. (continued) Characteristics of the bacterial strain B-1: Bacillus subtilis/amyloliquefaciens

Characteristics Reaction

Fermentative production of acid from: (continued)
Esculine ferric citrate =}
Salicine +
D-cellobiose +
D-maltose +
D-lactose (bovine orgin) -
D-melibiose -
D-saccharose (sucrose) +
D-trehalose -
Inuline -
D-melezitose .-
D-raffinose -
Amidon (starch) +
Glycogen +
Xylitol -
Gentiobiose +
D-turanose -
D-lyxose -
D-tagatose -
D-fucose -
L-fucose -
D-arabitol -

L-arabitol 5

Potassium gluconate -

Potassium 2-ketogluconate -

Potassium 5-ketogluconate -

+ = Positive reaction

Remark : +ve = Gram positive bacteria ‘é?:] -
Negative reaction )
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Table 2. Characteristics of the bacterial strain B-6: Bacillus subtilis/amyloliquefaciens

- = Negative reaction

Characteristics Reaction
Gram reaction +ve
Catalase +
Fermentative production of acid from:
Glycerol ~F
Erythritol -
D-arabinose -
L-arabinose i
D-ribose +
D-xylose +
L-xylose -
D-adonitol -
Methyl-BD-xylopyranoside -
D-galactose -
D-glucose +
D-fructose +
D-mannose +
L-sorbose -
L-rhamnose -
Dulcitol -
Inositol +
D-mannitol *
D-sorbitol +
Methyl-aD-mannopyranoside =
Methyl-aD-glucopyranoside +
N-acetylglucosamine -
Amygdaline ;3
Arbutine +
Remark : +ve = Gram positive bacteria
+ = Positive reaction
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Table 2. (continued) Characteristics of the bacterial strain B-6: Bacillus subtilis/amyloliquefaciens

Characteristics Reaction

Fermentative production of acid from: (continued)

Esculine ferric citrate *
Salicine +
D-cellobiose %
D-maltose +
D-lactose (bovine orgin) +
D-melibiose +
D-saccharose (sucrose) +
D-trehalose +
Inuline -

D-melezitose -
D-raffinose +
Amidon (starch) ¥
Glycogen +
Xylitol -
Gentiobiose +
D-turanose -
D-lyxose =
D-tagatose -
D-fucose =
L-fucose -

D-arabitol -

L-arabitol -
Potassium gluconate -
Potassium 2-ketogluconate -

Potassium 5-ketogluconate -

2 ; ~ /
Remark : +ve = Gram positive bacteria 7 0 o
+ = Positive reaction °
- = Negative reaction
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Table 3. Characteristics of the bacterial strain BS: Bacillus subtilis/amyloliquefaciens

Characteristics Reaction
Gram reaction +ve
Catalase +

Fermentative production of acid from:

Glycerol -
Erythritol -
D-arabinose -
L-arabinose +
D-ribose +
: D-xylose +
L-xylose -
D-adonitol -

Methyl-BD-xylopyranoside =3

D-galactose -

D-glucose +
D-fructose +
D-mannose g
L-sorbose -
L-rhamnose -
Dulcitol -
Inositol +
D-mannitol +
D-sorbitol +

Methyl-aD-mannopyranoside -

Methyl-aD-glucopyranoside +
N-acetylglucosamine -
Amygdaline B

Arbutine e

Remark : +ve = Gram positive bacteria
% = Positive reaction
Negative reaction
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Table 3. (continued) Characteristics of the bacterial strain BS: Bacillus subtilis/amyloliquefaciens

Characteristics Reaction

Fermentative production of acid from: (continued)

Esculine ferric citrate +
Salicine +
D-cellobiose +
D-maltose +

D-lactose (bovine orgin) -

‘ D-melibiose i
D-saccharose (sucrose) i
D-trehalese ¥
Inuline +
D-melezitose -
D-raffinose +
Amidon (starch) -
Glycogen +
Xylitol =
Gentiobiose #*
D-turanose +
D-lyxose -

D-tagatose -
D-fucose =
L-fucose -

D-arabitol <

L-arabitol -
Potassium gluconate =

Potassium 2-ketogluconate -

Potassium 5-ketogluconate -

o
e . cJ
Remark : +ve = Gram positive bacteria ]

+ Positive reaction 0 O.
- = Negative reaction
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AARWIN 2
feaufiadlalnavesdn 165 rRNA
>B1_16S (1542 base pair)
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGG
TAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTT
TGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCG
GCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTG
AGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGA
AGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCG
GCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTT
CTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAA
CTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGT
GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCT
AAGTGTTAGTGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTGAGCACTCCGCCTGG
GGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
GAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTA
GTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGGCAAACCGGAGGAAGGT
GGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGG
CAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTC
GGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGC
ATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTT
TGTAACACCCGAAGTCGGTGAGGTAACCTTTATGGAGCCAGCCGCCGAAGGTGGGACAG
ATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGCATCACCTC
CTT
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>B6_16S (1540 base pair)
AGAGTTTGATCCTGGCTCAGGACAAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGG
TAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGT
CTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGC
GGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCT
GAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATG
AAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGC
GGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTT
TCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGA
ACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGC
TAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTG
GGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG
ACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTT
AGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGG
TGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGG
ACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTT
CGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAG
CATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT
TTGTAACACCCGAAGTCGGTGAGGTAACCTTTATGGAGCCAGCCGCCGAAGGTGGGACA
GATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGCATCACCT
cC
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>BS 16S (1543 base pair)
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
CGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGG
TAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTT
TGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCG
GCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTG
AGAGGGTGATCGGCCACACTGGGACTGAGGCACGGCCCAGACTCCTACGGGAGGCAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGA
AGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCG
GTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTT
CTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAA
CTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGT
GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAA
GCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCCGTAAACGATGAGTG
CTAAGTGTTAGGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCC
TGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTC
TGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTT
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT
CTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGA
AGGTGGGGATGACGTCAGATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAA
TGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCA
GTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGAT
CAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
AGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGG
ACAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGCATCA
CCTCC
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Bacillus sp. B1

sequences producing significant alignments:

Accession Description | & Score co%ﬁgxe "‘m | i%:it Link:
CP002927.1  Bacillus amyloliquefaciens XH7, complete genome 2815 2.119%e+04 100% 0.0 99%
CP0O02634.1  Bacillus amyloliquefaciens LL3, complete genome 2815 1.964e+04 100% 0.0 99%
CpPo02627.1  Bacillus amyloliquefaciens TA208, complete genome 2815 1.846e+04 100% 0.0 99%
FNS97644.1  Bacillus amyloliquefaciens DSM7 complete genome 2815 2.812e+04 100% 0.0 99%
Ap201122.1  Bacillus amyloliquefaciens gene for 165 rRNA, partial sequence, strain 2811 2811 100% 0.0 99%
Apz01121.1  Bacillus amyloliquefaciens gene for 165 rRNA, partial sequence, strain 2811 2811 100% 0.0 99%
HE774679.1  Bacillus amyloliquefaciens subsp. plantarum YAU B9601-Y2 complete ¢ 2808 2.799%e+04 100% 0.0 99%
HE617159.1  Bacillus amyloliquefaciens subsp. plantarum CaAU B946 complete genol 2808 2.802e+04 100% 0.0 99%
Av149473.2  Bacillus polyfermenticus 16S ribosomal RNA gene and 165-23S ribosor 2809 2809 100% 0.0 99%
EU266071.1  Bacillus subtilis strain ZJ06 16S ribosomal RNA gene, partial sequence 2809 2809 100% 0.0 99%
CP000S60.1  Bacillus amyloliquefaciens FZB42, complete genome 2809  2.625e+04 100% 0.0 99%
EFS02020.1 Bacillus subtilis strain EDR4 16S ribosomal RNA gene, partial sequence 2802 2809 100% 0.0 99%
HMO34816.1  Bacillus subtilis strain DM-1 165 ribosomal RNA gene, partial sequence 2804 2804 100% 0.0 99%
HM210636.1  Bacillus subtilis strain SWBS 165 ribosomal RN4 gene, partial sequenc 2804 2804 100% 0.0 99%
ABS01113.1  Bacillus subtilis gene for 165 ribosomal RNA, partial sequence, strain: 2804 2804 100% 0.0 99%
GQ395245.1  Bacillus subtilis strain Czk1(BRZ1) 165 ribosomal RNA gene, partial se¢ 2804 2804 100% 0.0 99%
EF176772.1  Bacillus amyloliquefaciens strain LSC04 16S ribosomal RNA gene, parti 2802 2802 99% 0.0 99%
JF799962.1 Bacillus sp. K7SC-94 165 ribosomal RNA gene, partial sequence 2800 2800 99% 0.0 99%
JF412546.1 Bacillus amyloliquefaciens strain TUL308 165 ribosomal RN& gene, par 2800 2800 99% 0.0 99%
AB201123.1  Bacillus sp. HH-01 gene for 165 rRNA, partial sequence, strain: HH-0I 2800 2800 99% 0.0 99%
HMO34817.1  Bacillus amyloliquefaciens strain DM-3 16S ribosomal RNA gene, partiz 2798 2798 100% 0.0 99%
GU258545.1  Bacillus subtilis strain Em7 16S ribosomal RNA gene, partial sequence 2798 2798 100% 0.0 99%
GQ395246.1  Bacillus subtilis strain BRZ4 16S ribosomal RNA gene, partial sequence 2798 2798 100% 0.0 99%
AL009126.3  Bacillus subtilis subsp. subtilis str. 168 complete genome 2798 2.777e+04 100% 0.0 99%
EU373402.1  Bacillus sp. TPRO6 165 ribosomal RN& gene, partial sequence 2798 2798 100% 0.0 99%
EU373378.1  Bacillus sp. TPLO8 165 ribosomal RNA gene, partial sequence 2798 2798 100% 0.0 99%
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Bacillus sp. 6B

Sequences producing significant alignments:

Accession Description ’ Max Total
score score
HE617159.1  Bacillus amyloliquefaciens subsp. plantarum CAU B946 complete genolr 2833 2.826e+04 100%
EFS02020.1  Bacillus subtilis strain EDR4 16S ribosomal RNA gene, partial sequence 2833 2833 100%
HM034816.1  Bacillus subtilis strain DM-1 165 ribosomal RNA gene, partial sequence 2828 2828 100%
CPO00S60.1  Bacillus amyloliguefaciens FZB42, complete genome 2828  2.642e+04 100%
EF176772.1  Bacillus amyloliquefaciens strain LSC04 165 ribosomal RNA gene, parti 2826 2826 99%
AB201123.1  Bacillus sp. HH-01 gene for 165 rRNA, partial sequence, strain: HH-0I 2824 2824 99%
HE774678.1  Bacillus amyloliquefaciens subsp. plantarum YAU B9601-Y2 complete ¢ 2822 2.808e+04 100%
HM034517.1  Bacillus amyloliquefaciens strain DM-3 16S ribosomal RNA gene, partiz 2822 2822 100%
GUB26160.1  Bacillus subtilis strain BL4 165 ribosomal RNA gene, partial sequence 2822 2822 100%
GU258545.1  Bacillus subtilis strain Em7 165 ribosomal RNA gene, partial sequence 2822 2822 100%
GQ395246.1  Bacillus subtilis strain BRZ4 165 ribosomal RNA gene, partial sequence 2822 2822 100%
EU373402.1  Bacillus sp. TPRO6 165 ribosomal RNA gene, partial sequence 2822 2822 100%
EU373378.1  Bacillus sp. TPLO8 16S ribosomal RNA gene, partial sequence 2822 2822 100%
EU373340.1  Bacillus sp. HNRO3 165 ribosomal RNA gene, partial sequence 2822 2822 100%
AY149473.2  Bacillus polyfermenticus 165 ribosomal RNA gene and 165-23S ribosor 2822 2822 100%
EU266071.1  Bacillus subtilis strain ZJ06 165 ribosomal RNA gene, partial sequence 2822 2822 100%
AF411118.1 Bacillus sp. Bchl 16S ribosomal RNA gene, complete sequence 2822 2822 100%
DO676957.1  Bacillus subtilis strain Jinran 14 165 ribosomal RNA gene, partial seque 2820 2820 99%
AR232386.1  Bacillus subtilis gene for 165 rRMNA, partial sequence, strain: B1144 2820 2820 99%
JF499655.1 Bacillus amyloliquefaciens strain scs 165 ribosomal RNA gene, partial : 2817 2817 100%
HMz10636.1  Bacillus subtilis strain SWB8 16S ribosomal RNA gene, partial sequenc 2817 2817 100%
503952471 Bacillus subtilis strain BRZ6 16S ribosomal RNA gene, partial sequence 2817 2817 100%
CP002927.1  Bacillus amyloliguefaciens XH7, complete genome 2811 2.117e+04 100%
CPo02634.1  Bacillus amyloliquefaciens LL3, complete genome 2811 1.964e+04 100%
CpPo02627.1  Bacillus amyloliguefaciens T4208, complete genome 2811 1.845e+04 100%
HMS83749.1  Bacillus sp. BS14(2010) 16S ribosomal RNA gene, partial sequence 2811 2811 100%
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Bacillus sp. BS

Sequences producing significant alignments:

Accession Description | s':ﬁ E | cogl:.le_i:!ge AL?ue i%t Links
CcPo0z306.1  Bacillus subtilis subsp. subtilis RO-NN-1, complete genome 2813 2.806e+04 100% 0.0 99%
CPO0D2468.1  Bacillus subtilis BSnS, complete genome 2813 2.810e+04 100% 0.0 99%
AL009126.3  Bacillus subtilis subsp. subtilis str. 168 complete genome 2813 2.796e+04 100% 0.0 99%
CP003492.1  Bacillus sp. JS, complete genome 2808 2.801e+04 100% 0.0 99%
10435698.1  Bacillus subtilis strain CE1 165 ribosomal RNA gene, partial sequence 2808 2808 100% 0.0 99%
JF412545.1 Bacillus subtilis strain TUL322 165 ribosomal RNA gene, partial sequer 2808 2808 100% 0.0 99%
GU191916.1  Bacillus subtilis subsp. subtilis strain SB 3130 165 ribosomal RNA gene 2808 2808 100% 0.0 99%
GU191904.1  Bacillus subtilis subsp. subtilis strain SB 3175 165 ribosomal RNA gene 2808 2808 100% 0.0 99%
AB201120.1  Bacillus subtilis gene for 16S rRNA, partial sequence, strain: LB-01 2808 2808 100% 0.0 99%
EU081774.1  Bacillus subtilis strain PY79 tRNA-Arg gene, partial sequence; tRNA-P 2808 2808 100% 0.0 99%
AB188212.1  Bacillus sp. TUT1206 gene for 165 rRNA, partial sequence 2808 2808 100% 0.0 99%
AB110598.1  Bacillus subtilis gene for 165 rRNA, partial sequence 2808 2808 100% 0.0 99%
AB177641.1  Bacillus subtilis gene for 165 ribosomal RNA, isolate: H20 2808 2808 99% 0.0 99%
D26185.1 Bacillus subtilis gene, 180 kilobase region of replication origin 2808 1.120e+04 100% 0.0 99%
EUSE7039.1  Uncultured Bacillus sp. clone TCCC 11073 165 ribosomal RNA gene, p. 2806 2806 99% 0.0 99%
EU231616.1  Bacillus subtilis strain TCCC17019 16S ribosomal RNA gene, partial sec 2804 2804 100% 0.0 99%
ABOD42061.1  Bacillus subtilis gene for 165 ribosomal RNA, partial sequence 2802 2802 100% 0.0 99%
10396173.2  Bacillus subtilis subsp. subtilis strain KISR-1 165 ribosomal RNA gene, 2800 2800 99% 0.0 99%
EUS67055.1  Uncultured Bacillus sp. clone TCCC 11231 16S ribosomal RNA gene, p. 2800 2800 99% 0.0 99%
ABO65370.1  Bacillus subtilis gene for 165 rRNA, complete sequence 2800 2800 100% 0.0 99%
EFS22122.1  Bacillus sp. CUD3 165 ribosomal RNA gene, partial sequence 2798 2798 100% 0.0 99%
EF423603.1  Bacillus subtilis strain BCRC 17443 16S ribosomal RNA gene, partial se 2798 2798 99% 0.0 99%
CP002905.1  Bacillus subtilis subsp. spizizenii TU-B-10, complete genome 2796 2.794e+04 100% 0.0 99%
HO657501.1  Bacillus subtilis strain KJBO6-35 165 ribosomal RNA gene, partial sequi 2796 2796 100% 0.0 99%
HMO30757.1  Bacillus subtilis strain M16-10-3 165 ribosomal RNA gene, partial sequ 2796 2796 100% 0.0 99%
F1464987.1 Bacillus sp. DR13 165 ribosomal RNA gene, partial sequence 2796 2796 100% 0.0 99%
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Objectives

1. To prepare the astaxanthin

encapsul ated-levan nanoparticles

2. To characterize the astaxanthin

encapsul ated-levan nanoparticles

3. To release study of the astaxanthin from
nanolevan particles

Results and Discussion

Levansucrase (EC 2.4.1.10) catalyzes
the formation of levan from sucrose. Levan,
which is a [B-2,6-linked fructose
homopolymer with some [-2,1-linked
branching points has potential applicationsin
the field of food, cosmetics, pharmaceutical
and medicine based on its physica and
biological properties. Levan is used as a
tablet binder, an encapsulating agent, a

coating material in drug delivery formulation.

Astaxanthin is a natural pigment carotenoid,
is endowed with remarkable antioxidant
activity in food, drug and cosmetic products.
However, the utilization of astaxanthin is
limited due to its poor water-solubility, low
bioavailability, and the decomposition under
light, heat, and oxygen. In order to overcome
these  drawbacks, astaxanthin ~ was
encapsulated within nanolevan particles
(ASTA-Nanolevan).

The astaxanthin encapsulated-levan
nanoparticle was prepared using levan
produced by purified levansucrsae from
Bacillus amyloliquefaciens KKOQ.
Levansucrase produced high nanolevan
particles in 10% ethanol. The encapsulation
capacity of the particles at 50,100, 150 and
200 ppm of asthaxanthin were 97, 86, 90 and

85%, respectively, at aloading of 4% sucrose
(Wiv).

The astaxanthin encapsulated-levan
nanoparticle was characterized by Fourier

Transform Infared (FTIR) spectroscopy.
Infrared spectra of astaxanthin
encapsulated-levan  nanoparticle  were

compared with levan and astaxanthin (figure
1). In the original spectra of levan shown the
broad absorption band at 3288 cm™ is O-H
stretching of polyhydroxy group. And the
band at 1036 and 1112 cm™ are C-O-C
stretching of glycosidic bond. After
encapsulated  astaxanthin  in  levan
nanoparticles the sharp band at 1737 cm™ is
C=0 dtretching of acetyl group in astaxanthin
molecule was found due to the encapsulation
of astaxanthin in nanolevan particles, but the
sharp band a 1574 cm™ in nanolevan
molecule was decrease in the spectra of
astaxanthin encapsulated-levan nanoparticle
due to the changes in the microenvironment
which lead to the formation of hydrogen
bonding and the presence of van der Waals
forces during their interaction to form the
encapsul ated nanoparticles.

The astaxanthin encapsul ated-levan
nanoparticle was characterized by
Transmission Electron Microscopy (TEM)
(Figure 2). The size of levan nanoparticles
and astaxanthin encapsul ated-levan
nanoparticles were 80-100 nm and 180-200
nm, respectively. The astaxanthin
encapsul ated-levan nanoparticles that were
lyophilized and resuspended again were
analyzed by Zetasizer. Theresult showed that
the nanoparticles had the same shape of size



distribution as astaxanthin

encapsul ated-levan nanoparticles (figure 3).
In the addition, the absorption spectra of
astaxanthin encapsul ated-levan particles
were compared to controls; levan,
astaxanthin, and astaxanthin mixed with
levan (physical mixture). Small shift are
observed on the absorption spectra of
astaxanthin encapsul ated-levan particles
(figure 4).

The release study of astaxanthin from
nanolevan particles in solution pH 5.5, pH
1.2 and pH 6.8 that is simulate condition in
skin, gastric and intestinal juices was
investigated. The astaxanthin
encapsulated-levan particles could release
astaxanthin 31.63% in 1 hour at gastric juice
condition. The antioxidant activities of the
released astaxanthin  from astaxanthin
encapsulated-levan nanoparticle and free
astaxanthin when dispersed in 3 conditions
were measured by DPPH assay. The results
found that the released astaxanthin from
astaxanthin encapsulated-levan nanoparticle
can maintain antioxidant activity has 39.45%
while free astaxanthin loses its antioxidant
activity.

Conclusion and Acknowledgement

The astaxanthin encapsul ated-levan
nanoparticles were successfully prepared,
characterized and release studied of the
astaxanthin from nanolevan particles.

This work was performed under the
Core-to-Core  Program  (JSPS-NRCT).
Financial supports from Thailand Research
Fund, Kasetsart University, and the Thailand
Research  Fund: MRG5480232  are
appreciated.
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Figurel FTIR spectraof levan, astaxanthin and astaxanthin encapsul ated-levan

(A) (B)

Figure 2 Transmittion electron micrograph of levan particles (A) and astaxanthin
encapsul ated-levan particles (B).
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Figure 3 Particle size distribution of astaxanthin encapsulated-levan and lyophilized astaxanthin

encapsul ated-levan particles.
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Figure 4 Absorption Spectrum of levan, astaxanthin, astaxanthin mixed with levan and
astaxanthin encapsul ated-levan particles.
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