A\

Il
)
ullY;

F89WITLRTUFNY IO

a o A =3 o wa . o o
‘[ﬂix‘iﬂ"li NMIHNARA ﬂ"lTYI']‘lJiiS!‘YIﬁ azandawsddNuavad ﬂ-galactosmase #1930
1 a ) A al 6
nsdagaarguanlaawaznstiansluladn nnaala-ladlnusaanlsa
lazafunidzavgmnniias
Production, purification and characterization of ﬂ-galactosidase for lactose
hydrolysis and formation of prebiotic galacto-oligosaccharide by the

thermophilic organism

108 BWFINRNNTWN  WIAIIY LASATHS

LADW NWHYIYW W.F.2553



foaniaufi MRG5080342

F8WITLRTUFNY IO

=) o =) d{ Qs wa - o =
Tﬂix‘iﬂ’]i NMIHNARA ﬂ’ﬁ‘YI’]‘lJiii!‘YIﬁ azandawsddNuavad B-galactosmase #1930
1 a ) A a 6
nsdagaarguantaawaznstiansiuladn nnaala-ladlnusaanlsa
lazafunidzavgmnniias
Production, purification and characterization of B-galactosidase for lactose
hydrolysis and formation of prebiotic galacto-oligosaccharide by the

thermophilic organism

Ui @
ATWENIDE

PWENMANATUN  WIATNT YRIINLNAUNT

(ﬁ"mﬁﬂmamﬁﬁ'ﬂ;ﬁunu)

/a Q€ a 52
%Wﬂﬁ]iﬂ"l‘l«la@? Lﬁﬂﬂ%’lI‘W‘ﬁ ?WWGGﬂiEﬁ&J%W?WUWGU

%] o/dl

(INI8NUINBN)

st ﬁ%‘lﬂ@Elﬁ’]ffﬂ\‘]’]uﬂMZﬂiiaJﬂ’liﬂ’liquﬁmﬂ’l LASEINIIUN amuaffn mgumﬁé]” e

(mflmﬁulm']mmﬁl,ﬂumaa;ﬁﬁ'm ane. uaz an7. Wi dudaaduaiaauall)



UNAALD

iawlal B-galactosidase (lactase; EC 3.2.1.23) iluianlmindanuidndegasnnisa

WAaA Nz gaE NN lasflanumaninlunmisasnuszinalad@nvauaalaald
= & ac A A A \ a &

unglosuazmuaalos  adseasdvasnuidviNemanziainzaudanmndaianlod -

& A £ o [N . { a

galactosidase IMUUYNUIFNT UK ANENAN WU FNL AV B-galacto&dase NNLEWITINNER
% = & . AV o e ' o & '

1d 3nmiinsiewlssl B-galactosidase ldandathwiaurithoamewus B1.1 wudiuaa

& ' & A o o a &

lagusz  peptone tHuunssmrivenuss lulasauiwanzsudwsumnaaenlad -

Galactosidase @N&19U pH (Fu6% 8.5 LAz UMNALYINAL 45 aaaniTalTos muldane

aIna leananTTuLazAanIsNLasNanTIN Wz e brdlvinny  0.478 uniml war  0.338

unitfmg ANEIALU RRINNMTALITD 13 TlNslasl 2.5% lactose, 2.0% peptone, 0.3%

K,HPO,, 0.1% KH,PO, Waz 0.05% MgSO,7H,0 LIuasnvsznauvasanvnsiassse  Harh

a £ [ . .. ' a £ ' '

mqmmuvlsﬁﬂmm ion-exchange s affinity chromatography Wu1N ﬁm’]&m‘iqﬂﬁ 2.58 11 an

{ 9 o = o 3 A4

Km uay Vmax 18kt oNPG 1Juasaddwmyinny 7.94 mM waz 2.00 x 10 mmolL min
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Abstract

The enzyme B-galactosidase (lactase; EC 3.2.1.23) is a commercially important enzyme
due to its various applications in dairy and food industries, which hydrolysis of B-D-
galactopyranosidic linkage to glucose and galactose. The objectives of the work were to
determined the optimum condition on the production of B-galactosidase then purify and
characterize. B-galactosidase form B1.1 screened form Tha Pai hot spring was produced with
lactose and peptone as carbon and nitrogen sources, respectively. Optimal enzyme production
occurred at an initial pH of 8.5 and at 45 °C. Under these optimum culture conditions, a
maximum activity and specific activity of B-galactosidase were calculated to be 0.478 unit/ml
and 0.338 unit/mg, respectivery, after 13 h of fermentation in a medium contain 2.5% lactose,
2.0% peptone, 0.3% K,HPO,, 0.1% KH,PO, and 0.05% MgSO,-7H,0. The B-galactosidase
was purified by ion-exchange and affinity chromatographyand with a fold purification of 2.58.
The Km and Vmax values for oNPG as a substrate were determined as 7.947 mM and 2.00 x
10_3 mmoIL_1min_1, respectively. The pH and temperature optima for the purified enzyme are

6.5 and 65 °C, respectively.

Keywords: B-galactosidase, thermophilic, production, purification



Executive Summary

0 A
1. anudnguaznanvadyn
tawlasd B-galactosidase \wanlmindzyndlilugamnnisuadniuninaie (Dziezak,
1991)laslan1zatNiigaa NIz ul  INaNfaNRa i IIanAaA NI
fuaalasdmialifiuanlas Hroundymiifienugiefemuiuy (Clamp et al, 1961;
Harper, 1992; Holsinger and Kligerman, 1991: Zadow, 1992) “anainiluseninemstasaans
uaalag azmAamsasaszh wiluladin  (Prebiotic); muaala-ladlnusaalss (Galacto-
. . . 4 . ,
oligosaccharide, GOS) (Mahoney, 1998; Pivarinik et al., 1995) Faduorr It Tn (Functional
6 o n}’ ' 1 a 1 ' o o 1 ' a
food) lavamnsfeiguitazligndeslumaiuemssiuuuaziuandsi ldlnauazdinade
g7 (Fran, 2000; Roberfroid, 1999) ﬁqmauﬁ'@“ﬁaUﬂ%’ﬂﬁhumaommiﬁ"l,ajgnﬂ'aﬂumaLau

|

A o a A A | A L. A a A ¢
AT wwam:@;umswirymaaummmluﬂ@ﬂwﬂuiamﬂ (Probiotic) ‘IiﬂLﬂ%ilﬂ%Y]iiléj”ﬂﬂ’]Wl%
fldlng  WaansnaivgquiiinaniunidnlilnsuaslSusugavesfunidnmaoluldininzay
; - X . £, a. . ¥
LNARANTIAALTE awal%qmmwu%amo 'Sﬂmﬂnylmzuummamng}@%ummsﬁmu LNAILN
unuafduuagluan Lﬁuizuugﬁﬁuﬁ‘mmiwmﬂ AAANNARIARA  LAZAANIILRLIGONITLAG
JRGHERE (Nakayama and Amachi, 1999; Sako et al., 1999; Urgell and Orleans, 2001)

A"u 1 I d'p.{v J ™ 6 d' 1
waNINBHEINLIUsena Inaduwlseineneainssundananinlwn1agisaiiNan1Igsaan
viw I gny 1ludu wddywnwufensandrizesasufTus Alglunsmvqulie vildihae

% U { U { & v U
msﬁ@ﬂumamsmmam%mwsﬂiﬂ ﬁmemluﬁawadmmgmqmmw Fainsvultans
UfFiue Fedndudasmmsdunmaununsldansdiue (suws uazame, 2534; niad, 2536;
. A oz, v e o v, v .
U, 2536) aﬂmﬂaguLm:rmm;dmUﬂﬂuuiwmmmm@ﬂszauﬁzymmumuau@lm@ #8910
s a 2 o & a a a 2 A o o g o
WuNGUNINNY aanunsluladn nuaale-ladlnusaailsdasidumatanliniddwiulinanni
ssufFuzdmiuangulialugad vildsadyminisandravesn uazdudunaiuyadizes
WuuaU e nNI9nIe e

v
o o @ K

= Aa v d‘ [ 1 =) 1 a wun o
msaneIseluTasainailulszina nogad launnin IR TS maﬁmﬁmvl,maua

6 a A

lavwmyidpiiefdnsmindaienlsd B-galactosidase 3niTagdunidraugmnnigafidnums
@ A av A o = a A 6 a P a 6
AaLaan nnlasamaidvizeinmdaiianidunidraugunpiiganaunianiatonlsd -
_ L . oA £ o en 4 ..
galactosidase NuwLIgNIUAzANMANwUzaNGd19g vasewlm Geazvhldaan
apqumanuvesenlodlfiduldandainms iWaiananiazes GOS wiansmnensn
v &/ 9/“‘ 1 Y Aa a v a a a g: %
sivdulatazialdiianswamnnuduniodusiamaaiugunInasniauuazda e
tinalddaluluewne  wenanddiimanamdwnEaInIInuazaamnNIINTaIL NG
lasaansviidaasenmaadugunnuazasljTusniamnaadsnansidmivaiuqulaly

873 Lﬂuﬂ’ﬁLﬂ&lﬁﬁlﬂﬁﬁﬂadNﬂNa@m"ldﬂ'ﬁLﬂH@Ii &9 NﬂlﬁLﬁ@]ﬂ’]iﬁGWﬁ@l%Lﬂdﬂl aaﬂs:mﬂvl,@i”



lanNa1Ig Ay

TUWT UAUD, U6 unTaiined, g00@ Jaudy uaz gwalk wiozWus. 2534, nIldmaainga
%zi%ﬂ’]i%ﬂﬂﬁiﬁﬂﬁﬁ]uﬁﬂ a@5@131m3@ns LL&ZﬂWiLﬁNﬁﬂﬂﬁﬂluqﬂiﬁE]‘LL‘VSE]’]%&I. Iﬂix‘]ﬂ’]i
ﬂ’]SL‘%U%ﬂ’ﬁaﬂuLﬁlﬂLﬁ%&lﬂizﬁﬁJﬂ’]‘itﬁ ﬂng@’l’JLLWﬂﬂﬂ’]a(ﬂg ﬁgW’]ﬂGﬂSEﬁ:&l%’ﬁﬂﬂ’]gﬂ. 13
e

ﬂ’?ﬂg ’Jsimqa. 2536. Iiﬂfﬂﬂqﬂi. ’J’]iﬁ’]iﬁiﬂiﬁ’lﬁ%& 20: 37-45.

TU L%IEJL?D%EQ. 2536. mﬂ*’ﬁmﬂﬂﬂﬂaaﬂlummsgﬂqﬂwshml. MIFINWAT. 9: 144-151.

Clamp, J. R., Hough, L., Hickson, J. L. and Whistler, R. L. (1961) Lactose. Advances in
Carbohydrate Chemistry. 16: 159-206.

Dziezak, J. D. (1991) Enzyme: catalysts for food processes. Food Technology. January:78-85.

Fran, W.E.R., Prebiotics and Probiotics. In: Wildman REC. Handbook of Nutraceuticals and
Functional Foods. New York, CRC Press. 2000:407-422.

Holsinger, V. H. and Kligerman, A. E. (1991) Applications of lactase in dairy foods and other
foods containing lactose. Food Technology. 45: 92-95.

Mahoney, R., R. (1998) Galactosyl-oligosaccharide formation during lactose hydrolysis: a
review. Food chemistry. 63: 147-154

Nakayama, T., and Amachi, T. (1999) ﬁ-GaIactosidase, enzymology. In: Flickinger MC, Drew
SW (eds) Encylopedia of Bioprocess Technology: Fermentation, Biocatalysis and
Bioseparation, Wiley, New York, Vol. 3, pp. 1291-1305.

Pivarinik, L. F., Senecal, A. G., and Rand, A. G. (1995) Hydrolysis and transgalactosylation
activities of commercial B-galactosidase (lactase) in food processing. In: Advances in
food and nutrition research., Kinsella, J.E. Taylor S.L., editiors, Academic Peress, New
York: 38: pp.1-102.

Roberfroid M. B. (1999) Concept on functional foods : the case of inulin and oligofructose.
Journal of Nutrition. 127(suppl): S1398-1401.

Sako, T., Matsuloto, K., and Ryuichiro, T. (1999) Recent progress on research and
applicationof non-digestible galacto-oligosaccharides. International Dairy Journal. 9: 69-
80.

Urgell, M. R. and Orleans A. S. (2001) Oligosaccharides: application in infant food. Early
Human development. 65 Suppl.: S45-S52.

Zadow, J. G. (1992) Lactose hydrolysis. In: Whey and lactose processing., Elsevier, New York,

pp.361-408.



s

2. dandszaed
2.1 waa P-galactosidase dwsumMstousasuaalaguaznistiandluledin nuaale-lo
a 6 a A 6 a
alnuwaanlsa lazadunidrougmniigs

o a Asl = s A . ed A v
2.2 g uaz Ansansuzauifves [-galactosidase antawnlodininaa la

3. 208U
Ta59n I8N UM UM IA AN WA NS UT A UAIG B 11ITh
3.1 MInAa P-galactosidase dwsumMIdousasuaalas waz msianituladn  nuan
a 6 a A 6 a
Ta-ladlnuaaanlse la pafunIdTagMEiig
g
nﬂ' v n:ll dw v a . o gl [
walilaanmeimanzaudosdulunsude B-galactosidase dwsumstiossauanlas
uaz MIAaws luladn

Aa

nmuaala-ladlnuasaanlsa I@ﬂﬁ;auﬂ%ﬁmauamuﬁga

9 U
ad
0N13

Aa

o & a ¢ a A o A R &
u']L"Ua'ﬁ]auY]'iﬂ"ﬁaqu%ﬁ&lq\‘]‘ﬂwquﬂq'iﬂ@]LaaﬂLLaqquﬂﬁ]ﬂiiﬁJTaﬂLauvLsﬁaJ B-

o

galactosidase §9718@ 9nlaT9n17I98TaInIdaLRanaAunIdraugmnnigenaiunsania
tawlad B-galactosidase auwziapslua1msrad Usnnas 100 §addas luwaiar 250 Taddas
Lufigmnnil 50 °C uaziudnNAuiiy 150 saudauwfl iluaan 12 Talus lavamsfildian
Wwanlglunisnesasdinisdsuidvuilaspnsidudensadgdvlavssseuszniatanlod B-
galactosidase WAIMMNFUFANIWILLALY TiaMzAdanmaaTgdulavensa uazianisnves
¢ A A A a & . o 3
awladl iNemanziminzaungalunmindaenlol B-galactosidase  lanvinnisnanasdi 3
S
Taspnsududanmsasgidulaveisoussniaionlssd B-galactosidase Nénwn leun
1. WARIATLEW
2. ANULTNTUTDILRRIAN T
3. unadlulasian
4. anutuduvadlulasian
ada 6
gl aray
a 6 a a g a = (n:ll a 6 .
1. Alanzimaeiyidulavenseafunidnindaenlsd B-galactosidase
\udat9raInnNMINaaafiszuzimde g ldadinminisganauuas
dl ‘ﬂl ‘g: o ' A t:ll v A >
fanusmadu 660 wilwwas  nuwhdMIganauLas ldifisuiunmu
ANAIPWITAIIA M AN IR DIBINITAALAT iNaGaaumIlaTyvediTe

2. Alneinanssnvasienleyd P-galactosidase



Aaneinansiuvasienlod  P-galactosidase  laamsviifizeny
oNPG (ortho-nitroPhenol-beta-galactopyranoside) ‘LisJﬁl 40°C #%
15 W %q@ﬂﬁﬁ%mIQmﬁN 0.4 M Na,CO; 750 ul Atas1ziSanms
oNP fLiadu @T’sﬂmﬁ@mﬂﬁ@@ﬂﬁmmﬁmmmm‘é‘lu 420 W lwiaas

fualw 1 wiae (Unit, U) vediewlosd B-galactosidase fawvinny
Usunmasionladivnldiie 1 pmole 289 oNP 210 oNPG lutian 1 wifl

ﬂﬂﬂlﬁﬁﬂﬁ?zﬁﬁﬁﬂﬂiiLﬂiﬁtﬁ

o a A€ = s A . ed A ¥
3.2 Mu3gnT uaz Anwanwuzaulifues [-galactosidase anLawlinnEa e
whwane
‘ﬂl U {d‘d a n:if é’ 3 wAa :"24 6
el ldionlmindanuuianianndu  ussnmnusnwuzavidnugwveaanlad -
galactosidase dvazidudayaiugrunaunninlddszendlslunsarugunsinuvesiawlsd
Imiluldenudasniy iNaRuLIsANTNINAINE® GOS

ad
0N13

€ o

o 4 . A a v 3 1 o Y Aa =
iiawlmi B-galactosidase indaldanda 8.1 s wmnszuIwmMIliuIgnadnlasun
| & = a en A& 6 v '

lasna il anundnsansuzsnanugiunsetonlsd lawn

1.uavasgunniidafianssnves aulod B-galactosidase
wamnniigagananzaunuiansiwvasenlod  PB-galactosidase  uaz
anuainusasenloingmnnlena e

~ A 6 .

2. wavasilardafianynvesowls B-galactosidase
wilasimanzaniuiantsnvedenlad  P-galactosidase  giga  uaz
ANNAINULBILEK T NALaTA

A 6 .
3. wavaslans loaaudofianssuvaianlsd B-galactosidase
wWinuifisunavaslanslosausiiadnsg  defansswvenenlad -
galactosidase
= ] P & & .
4. @nwdiasnnisanaraasyadtan ol B-galactosidase

wiAAINNIIuamManivadlanlol B-galactosidase o Ky, U8z Vi



4. LLN%ﬂ"I‘J@%']Lﬁud’]%%'{llﬂ(ﬂaa@Iﬂ‘J\‘]ﬂW{LuLL@iEl::"lhx‘i 6 LA

WNBN AL R U7 1 U7 2

Woufl 1-6 | 1@oufl 7-12 | 1deudl 13-18 | 1doufi 10-24
1. ﬁmu@]LmeJﬁﬁammazmiﬁﬂmuﬁmamho 9 «—
2. MIleTHNIAnGY msmﬁuazqﬂmrﬁﬁlﬁ’tumuﬁy «—>
3. mwda B-galactosidase lasqdunidraugmniigs > >
4, ﬂ’]ﬁLﬂi’]zﬁﬂmm:ﬂ’ﬁﬁﬁ;ﬂwaﬂ%ﬂﬁ1 —>
5. MITATNTENUMIISHASIR 1 —>
6. MmysarnduatudniaRulusaTITINIASIT 1 —>
7. msvhuignTiawlmd B-galactosidase —>
8. msAnwanwaesuaadanlad B-galactosidase T
9. ﬂ’]ﬁLﬂi’]zﬁﬂmm:ﬂ’ﬁﬁﬁ;ﬂwaﬂ%ﬂﬁ 2 —
10. FsaNTIBIUMITASIA 2 —
11. mysarhduatuéniuaauklunsmBmmsasif 2 —
12. msfi]"@ﬁﬂiwmm@ﬂmﬁ%ﬁmm —

5. Namu/ﬁ'ﬁaL%f'ad"?'immwz?lﬁuw‘sl,mﬁmﬁmmsszé’umm"maluLL@iazﬂ
'ﬂﬁ 1: %aﬁadﬁmmw:aﬁwﬁ “Production of B-galactosidase by the thermophilic
organism”
%a’nia’lsﬁm@’j’mzaﬂuﬁ Journal of Fermentation and Bioengineering (impact factor
0.802)
'ﬂﬁ 2: %aﬁadﬁmmm:aﬁwﬁ “Purification and characterization of a thermostable B-
galactosidase”

FaIEINANAINLANNN Journal of Biotechnology (impact factor 2.687)




6. JULlTzaNmlATINT

99 1

94 2

U
1. ANINATADLUN 120,000 120,000 240,000
- daauunwIIninlasing 120,000 120,000
2. ANIAAIER 78,000 78,000 156,000
- dRaLadl 50,000 50,000
- Glassware and other disposable item: 11,000 11,000
bottles, beakers, flasks, pipette tips, Petri dishes,
gloves, etc.
- ANITAN DAL 2,000 2,000
AW Diskette/CD-Rom 2,000 2,000
- dndinRunaauRaes 3,000 3,000
- dua3aad wuazqﬂﬂmiéwﬁfmm 3,000 3,000
- NENHENETUNANMULALLONEITNINT 3,000 3,000
- ARuEN A WLAzAIR9e AN 2,000 2,000
- fniaqdug 2,000 2,000
3. nanA LT g 32,000 32,000 64,000
- dnlgielunisfududaya 1,000 1,000
- dmansalwvnsasasaladgneluiased 2,000 2,000
- dusmsnldiaesiiofinmed 9,000 9,000
- TN RN TLERON R WITING 10,000 10,000
- ANBTTNIENNNTANNA U 3673 10,000 10,000
4. ANIAAIY 10,000 10,000 20,000
- ARUN I BN WITLFBABNRLADS 3,000 3,000
- AINANNIIATUEN TR UATE 3,000 3,000
- @amandesu 4,000 4,000
2390l szanmlasenis 240,000 240,000 480,000




DRIV

3.1 minaa [-galactosidase §wiumatagamsuanlasuazmatianwdluladin nmuaala-lodln

6 a A 6 a
uraa 13e I@mgaummauqmﬁuga

= a ] 6

3.1.1  NIANEINAUBITRALARIAITUAL

AMNNNINAaadlFinea 3 Tha fa LaAlas ﬂgﬂﬂa waznLanlas  Luunasansuaw 0

v ¥ s A d'd a 1 . a? d%’ [~3 o ]
ANV NTW 10 NINGARAT ’Lummimmimmum@; (mineral salt) |Rg9L%a B1.1 1AUGI8E14
a & o ') & o a & a 4 A o @ A
ATIZRUNAINLTARUAI NINTINVDILAW L8] LLazﬂm’lmmmawgﬂiﬂﬂ Vlmwamuamlugﬂw
3.1 wuduga B1.1 Wiy ldauaziinsndaianlesd B-galactosidase ldunniga Liialfuanlas
I 1 6 J d}/ 9/2/ a 6 v ' > > A a
L WLREIAT LWL MR T Loy ldirinirasus 1vinny 0.1937  n3udaday AanIvy
La 1 La] (enzyme activity) 0.0751 unit/ml WLazAaNIIULANIE (specific activity) Winnu 0.3877
unitfmg @9 lanamilannunImeaaswad Hsu (2005) Nansanziwanzaulunmsnda B-
galactosidase 911 Bifidobacteria wuithanauaalasiiuunasanivannvlimosauisonda B-
galactosidase Vlﬁgaq@]

waNIINUNANIINARBITIRAAATBINUTIBINUTEI Ulrich  (1972) 1Apanunglaadnaly
o & A & £ AL s ° ¢ a =
HUHINITNRALD U b 3] sﬁﬂuwumnwamsmaaowmﬂmmaﬂgiﬂammmml%Lmamityvl,m

v A Qs U 1 a A n:l. ol U
Instagsnunsltuanlagiazninanlas wandataw lamlalulSunmndiniiuan
1 a 1A a a%’ d? dl' d' o v A a 6

SIUMULAA AR TR INT M I AN A ISR I oL N AR TR L AN TN A ALa 1 bara]

B-galactosidase (Ulrich, 1972) 91n3d# 3.1 wudsa B1.1 ansnlinuaalaslunisiaiyldd
= a % 1 % & 1 6 =l =3 a

LRz ININAALaW e L uINNIINILTLAR LaRLTWLRRIANTUA® NI ULASUAINITURNIE
A0NMNUNRUNLTARLFILYINAL 0.1867 NINGDEAT NANTINVDILAY M LYINAY 0.0728 unit/ml l¢
- e _ 4 o R . .
AINTTULANIL LYNND 0.3899  unit/mg Tedanunninlaltinanasanlasiuurasansuen ua
mﬂﬁa;&mﬁmmaum&iam%uamwia:mﬁ@ @un D-(+)-Glucose anhydrous 1 Alansy 1@ 1,250
U D-(+)-Galactose 25 N3N 311 1,400 UM Waz D-(+)-Lactose monohydrous 1 Alan3y 3107
2,900 1 (Fayaan vIENIETNAY 4170) SulaifIouiisuaiwudn D-(+)-Galactose di1an
UWWINI1 D-(+)-Lactose monohydrous ANEa 19 1¥i1 Mzinginiuaalasisldmanznazinanly
Wuradasuan waztlaNa s dSouiaulSunmm s tiienandassia wuinga B1.1 b1
ieananlaglulSunmitas e 0.005 NINGANARANT WARINNTONEALD b3l 1o bbL/TaN i
YIND9 0.075 unit/ml YoweLa B1.1 lfﬂgiﬂﬁiuﬂ%uﬂmﬁuﬁﬂﬂ’hLLE\]ﬂI@Iﬁ LELTONRUNRALA lera]
TaludSanmndinin wazlunsdnleniuanlaadunirnain1suat AaNITURNIZVDILaW LT AN
mIktuaalas wawadadltinaianuanlaglulSuimnuinnin

o & 7 2« \ & ~ A o o 9 o ~ a

muummaLLaﬂI@amLﬂuLmaamiuauwmm:amq@ fwsulTiaes B1.1 LiNan&e

a1 bsd B-galactosidase



010 0.2500 0100

oo0g 4 02000 4 I L 0080 g
= ] =
= =
E = 2

=
E 006 = 01500 L 0060 E‘
i3 g
& = )
= T =

004 4 = 04000 - oosn =
z 2 :
] = <
- =
E =
< opzd 00500 L 0020 z

ooo 4 ooooo . . | . . . 0.000

Ladose Glucosze Galactose

Carbon source

UM 3.1 Wmniaasuis fanssuvadiawlod B-galactosidase wazU3unminanangnlds i

v kg 1 U o
laowra B1.1 lasinziapsluamaiauuisnafnil pH Suduiviniu 7.0 anududuasuaalos
WwinAu 10 nsudedas tHwaan 13 talas (n = 3) lay B Aeshwmuinioasuis, B0 Ao

Aanysuvasianled B-galactosidase uaz Emm o Ysunaihanangnlsly

3.1.2 myenERavInNuTITwinaauanlas

ﬁnﬂmimaaammmlﬁu*’ﬁumaaLma'am%auﬁmmzamiamsm‘%zymau%aua:ms
wanawln p-galactosidase lagunasvosnnsuaniaonldfae inaauanlas uazanududui
Banunitazyiaa 10, 20, 25, 30, 35, 40 uaz 50 N3NG0AAT lapAudazanududwinldinmn
Senssnsiminaasuis  enssuvestenlouasfanssuianzvasionls  wanismasas
Uang é’ogﬂﬁ' 3.2



0.24 -
0.22
0.20 1 1.60
0.18
0.16
0.14 -
0.12 -
0.10 1 0.80
0.08 1 1060
0.06
0.04 1

Activity (unit/ml)
Specific activity (unit/mg)
5

Dry cell weight (g/l)

+ 0.40

0.02 - 1020

0.00 0.00
0 10 20 25 30 35 40 50

Lactose concentration (g/l)

UN 3.2 WAUAINIIANSIRNITE B1.1  lwawiIndanuidudwyadvineanan lay
3tn 32
G199n% a9 10-50 N3NGERAT  UazUsrnauein  1.0%peptone, 1.0%yeast extract,
0.5%(NH,),S0,, 0.3% K,HPO,, 0.1% KH,PO, uss 0.05% MgSO,7H,0 pH iy 7.0 1ile
LW’]zLamL%aﬁqm%{]ﬁ 50 aderaldos  Lwaan 13 Tlus lagn EE unudanisvvad
bl univml) Ml unwihwnnioasuds (1) war L1 uny AINITTuLanIzUadLan lasf

(unit/mg)

~ = I A a v @ L P a
NN 3.2 ANlen WalRuaudutuasuanlagunInsinalwan1sasnaes
3 £ (Y & > o a . { a &
o B1.1 934 Wnlean dhninirasuisnazianssnvadianlasl p-galactosidase NLANNINY
LAZATIINAAAISEE 9 IaanuduTusaILan lasAnaNnndn 25 NTNAEAAT AWNTENIAEANN
mumumamaﬂimmwugwuﬁo 40 NINGORAT VNNUNLTASULAILAZAINTTNVDILAY M9z L NN

L a & ' = v A e a £ a & v a = P o A &
AUINATI UAZLA LA NINTINVDILAW LT LN NN B ILANa UL U BT UL A S UA LN TN U 1 89

g/ a v o va v é 1 1 [ U v

PRRNLTAALAY 9V IRRINITURNIZTadLaw krdaataas  d9nadn lulsanudutuaauan
laafinanzandanInaaianlas p-galactosidase 28418 B1.1  1HaRNTMNINNAINTINLANL
YDILAW MTHILLAU AT NANMULTNTUVAILAALAR 25 NINGRAT ﬁﬁammmwwmamauﬁmﬁga
@ (0.166 unitmg) laNdnsaiyvese B1.1 NdNge iminimaduiariniy 1.042 niude
a Aa &= A ' a o = @ . S A v o
anT LLazﬂﬁmﬁwauau"lmmgaﬂqwﬁummnu Feuriinu 0.173 uni/ml 3908NANNTNT
Yaguanlasn 25 NTUAIRAT mmzauﬁqmiamwﬁmLau"LGnﬁmm%a B1.1  luil a.@. 2000
Chakraborti WaZATE WUINAMULNTUVBILAA LARNLANNZ NGB INAALAY k1a] p-galactosidase
NLBa Bacillus sp MTCC 3088 winnu 6.34 mM datdu 2.17 nSu@adas Domingues LazADAS

(2004) NAAL s B-galactosidase NNLTalRG Saccharomyces cerevisiae lasnaaadtwziaed



d%/ d' % % 1 [ A 3 1 A 1 a 6
W BaNANNITNT WY ILAALARIUTII 5-150 NINGRAT LAy lana1IuelNgsIN NanTTN Lo Lo
J { AI v v U a
INTRLNaRNA NN UTwIasuaalas  wazlull 2005 Hsu Lazamhe ANEINITNRALA s
p-galactosidase N8 Bifidobacterium longum CCRC 15708 lauldnaaadmwiziasasal
Aa a v o \ \ ' v o
pnInANiuimauazlinnuiduiuasuanlasaglugig 1.0-10.0% wuhanudutuvauan
~ ~ A A A & o . a = o a A '
lasfnanzauigafo 4% wiadaidu 40 nFudeday azduldin Sinnuwaalaafinanzaudanis
a . & ' o & gL > v Y ' A
WAatawloal p-galactosidase unuwandenuaanll nauatnuaNudaInIvaNTaudazTiia

3.1.3 MIANBINAVBILARI LlATLAN

Tunsanenaveslulasaniiminsaudomsnaaiawlsy p-galactosidase 18918 B1.1
Tasunaslulasianiivimsanelaun (NH,),S0, (NH,),HPO, yeast extract Was peptone uazle
waalamiuunasnivaufinnududurinty 25 niudedns  laglddnmeiinninimasu
Aanvsuvasenloduazionssuanizvaianlsd p-galactosidase 1INMINARaINALITING G931
3.3

0.25 3.00

0.20 | T 2.50

+ 2.00
0.15 A

+ 1.50

0.10 1

Dry cell weight (g/l)

+ 1.00

Activity(unit/ml)
Specific activity(unit/mg)

0.05 A + 0.50

0.00 T T T 0.00

NS =
@ \éz\ 4%

Nitrogen source

3N 3.3 WaraImMIWzlasaTe B1.1 luawnsndunadlulasiauuandrens laud
L .
(NH,),SO,, (NH,),HPO,, yeast extract W&z peptone NANUITNTH 25 NINAORAT UAS
Usznauaiy 0.3% K,HPO,, 0.1% KH,PO, a2 0.05% MgSO, 7H,0 pH t¥innu 7.0 Llatnnziae
Tefigaunni 50 aseiaaifos iwia 13 Talus laofl E unufansiwvasiewlsd (univmi)

B unsimsiniaaaiis (g/) wae T unu danssuanizaadan kol (unimg)



mﬂgﬂﬁ 33 azdinldegetaanitumaslulasaufiifonsiuasanlsduazsimin
LsﬁaﬁLLﬁm’mﬁq@ﬁa peptone lasdAanssnvadion bod B-galactosidase WinNu 0.221 unit/ml
iwinuitaity 1288 n3UdeAas uasRenTINRNILYINAD 0.172 unitmg  WeuFsuidisy
ﬁumu’iffwmﬁwuéuwuiﬁ Iui) @.@. 1977 Rao waz Dutta vlﬁLWﬂngﬂoL%a Streptococcus
thermophilus  lasiTouiouunadlulasiandnsg laun proteose peptone, casein digest,
casein, tryptone LAz peptone namMInanasnuIunas lulasaufimanzaudonisndaian sl
B-galactosidase fa proteose peptone Domingues (2004) VL@?ﬁﬂHﬁLL%ddVLuI@iLauﬁmmmw
GONINAALEW LY p-galactosidase Va9 Aspergillus niger WU yeast extract LUULARS
lulasaufimanzay luanefi Hsu uazamus (2005) YMINARBILNNZIRYILTe Bifidobacterium
longum CCRC 15708 Aunaolulasiananonn laud peptone, tryptone, gelatin, beef extract,
yeast extract War (NH,),SO, WUIN yeast extract Duunaslulasaufimanzaudanisuaa
Lot bsd B-galactosidase Tutlifisdnu Konsoula way Kyriakides (2005) VL@TLW’]:LgmL%a Bacillus
subtilis wudunaslulasianiimanzaufo tryptone

3.1.4 M3IANBINEVBIANNLTUTUVDI Peptone

TunsAnsHaUeInNNTNT UV B peptone FONINANLD Ll B-galactosidase ﬂJadL%a
B1.1 laglfusalamuundsnsuanfianududusiiny 25 niudedas wazld  peptone 1w
unsslulasauidanudutuuanarani Liﬁéiv'oaugagm’hé'mﬂmmLﬁuﬁumaavl,uiml,auﬁ
wianzay andudandin 11 fuanududuasienauanlas (Aiyer, 2004) TsanuiTutuas
ienauanlaafivanzavaa 25 n3uAEAAs 1I1IMRUATIVEINTUUTHUANUTNTY peptone
A0 10-40 nsudedns lagldSianeiiminaasuis Aanssuvasewloiuazionssuanzaas

\awla] p-galactosidase 1INMINARBINALIIING 693N 3.4



0.25
2.80

0.20 2.40
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0.10 1.20
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0.80

Activity (unit/ml)
Specific activity (unit/mg)

0.05

0.40

0.00 0.00
20 25 30 35 40

Peptone concentration (g/l)

o
o
(&)

=)

31N 3.4 HaUBINTANLRBaL T B1.1 Tuamisndanuituds peptone 6199 laua 10,
Jun 34
15, 20, 25, 30, 35 WAz 40 NSNEER®T wazisznaudie 2.5%lactose, 0.3% K,HPO,, 0.1%
KH,PO, uaz 0.05% MgSO,7H,0 pH iy 7.0 Watwizidsaisangmngil 50 aseisaides
Huan 13 72lus laon I unudanssuvadewlos univm)) B unuwsindnioaauwis (g/)

war [ unu Aanssuanizvadianbod (unimg)

A Al A a 6 . A 2

n3UN 3.4 WeRansanfantsuanizvadianlssl p-galactosidase NaMuTNTUVD
Tulasiaunuandrany lasdldanududuuasinaatanlagyinny fa 25 NTuGaAAT AU
. . . « A ¥ o4 o x
aNuUT% peptone g9 10-20 NTUADRATHY NINTTVLANZVRILEW MINAANNNNINYY U
dl U v QI 1 Q 1 =) g A dl Q 1 a 1 a
Waanuudusad peptone LNNNANTT 20 NSNGEAAT U Aaf 25-40 nTudadaT ARanITN
wrnzaadenlodiumlinanaitesg  laganuanmaasddifanITuLazAaNTIIRN YR

v | o é 1 U v v { 1

nlodianusaaasadduuwimadsiny GIna1dldinanududuved peptone MANzaNGD
mindaeulodiviiiy 20 niwdediay lasdifansinvesowlmigingayiiiy  0.186 unit/ml
Aa . . b4 o [ o o A A
AINTIVAMZYINAL  0.164 unit/mg WALINRINLTARLAILYINAL 1.313 NINGRRAT T3
ROAARBINLINUITLVEY Rao way Dutta (1997) N letwnziReawa Streptococcus thermophilus
A =« Aa A N o & ' \ v o
TadunuafiFafinugunniigs lasld peptone iuundslulasiau watsngih anududuuas
peptone MANNzaNdan sHAALaw bl p-galactosidase @a 2.0%wiv faidu 20 nIudedRnT
Barreto wazAne (2000) LWNLRBaLTa  Kluyveromyces lactis 1asld peptone 1uunadlulasianu
wuhaNudNTuved peptone Nanannndaawlodldgiga fa 2%wiy Aaidu 20 nIudafias
WLAEINY §INIUITLVEI Morales uazaAma (2005)  l@LWziRedwTa Lactobacillus reuteri

NRRL 14171 luud lao@nuiunad llaslaulazinadnnsuat  laawudntininasiiias



a € A v ¥ v " v a & o
mmiima‘wwwmLauvleﬁwmgaq@ LNQI"D’WJ']NL"IIEJ"IIW’IIQO peptone LNNU 1%w/v Aatln 10 nTu

AONGIT

315 mMIfnENaTaInNuLlunie-a9 (pH) Suduluenmis
Tumsanwnasasnnudunsa-ans (pH) Budwluamsiaesdadansnaaiaw s p-
galactosidase 209140 B1.1 laglfuanlaganududwyiniy 25 niudodns (Huwunasnsuan
uazld  peptone tinunsslulasiauiidnnududu 20 nsudedas lasdnwuazas pH lugas
6.0-10.0 udAaTiinmsinimasus Aanyswvasowloiuas Aansuanizaasawlsd wans

maaouamﬁagﬂﬁ 35

0.40 3.00

0.35 +
T 2.50

0.30 ~
+2.00
0.25 +
0.20 ~ + 1.50

0.15 ~

Dry cell weight (g/l)

+1.00

Activity (unit/ml)
Specific activity (unit/mg)

+ 0.50
0.05 +

0.00 T 0.00
0.0 6.0 7.0 7.5 8.0 8.5 9.0 10.0

pH

JUN 3.5 WaadWIzMTALdEa B1.1 1weamsn pH Sududreny 1wl 6-10 las
3Un 3.5
Usznaueie 2.5%lactose, 2%peptone, 0.3% K,HPO,, 0.1% KH,PO, az 0.05% MgSO,7H,0
Wamnzidoadefigunndl 50 asewaiBos 1uaan 13 Tilus laohh E unufanssuzes
bl (univm) I unwsihrdnieraautd (/1) war L1 unu AInTIuLanIzuadLan sl

(unit/mg)

{ U ) { QI J 1 =) =
1N3UN 3.5 aminlaingaef pH inn 1uaae 6.0-8.5 Aanssuuasianysuanzued
& . ] a £ A o a A A
\awla] p-galactosidase fiae INNTUILFIRATN pH 1AL 8.5 uazaziTuaandiiay 9 1ia pH
1 =3 1 2] A A 1 a a dly dy A Aa
AN 8.5 Fanaalddn pH Nmanzanngadanmaeiyidvlavessei fa 8.5 lasfaniswves
Lauvlsnﬁgaﬁa;@whﬁ'u 0.380 unit/ml AINTIUANILHNAL 0.276  unitVmg  WALHNABNLTARLAS

WINNU 1.375 NTNABRNT



Lﬁa’ﬂ A.@. 1977 Rao Waz Dutta WRALOW o B-galactosidase mm‘%a Streptococcus
thermophilus a8l pH Buduluarmindsaselutie 4.0-9.0 Nan1INaaadwLin A pH
Wiy 7.0 mmmwamauvlsnﬂﬁgaﬁq@ Griffiths way Muir  (1978) lawAaawlod p-
galactosidase nnda thermophilic Bacillus Wu31 pH Aaneaudamsnaaonled fa 6.0 B9
atlut19289n30 Linko uaz Bailey (1990) I¢fimnz1a89138 A. oryzae VTT-D-88353 ludansin
Usngdn pH lusae 57 Lﬂumaﬁmmzawﬁqmﬁaﬂﬁwamaﬂmﬁ p-galactosidase Vasiljevic
wae Jelen (2001) NRGLO s B-galactosidase ﬁnm%a Lactobacillus delbrueckii subsp.
bulgaricus ATCC 11842 %\1Lﬂm%aﬁwuqm%gﬁqaLLa:mmiﬂNﬁ@mmLaﬂaﬂW Tagnziass
Fasananluuy nuanaasd pH fmanzdansuaaanlod 5.6 Tl e.a. 2005 Hsu uazame
la@nmnsnaaien bod B-galactosidase ﬁ]’mL"'lﬂ?a Bifidobacterium longum CCRC 15708 WU
pH fmanzaudaminaaewloide 6.5 wszludl 2007 Hsu uazams lddnwuazNasaINaTad
pH GO THANL s B-galactosidase ﬁ]’mL‘%E] Bifidobacterium longum CCRC 15708 Sﬂﬂ%ﬂ@m
13U pH L‘%&Jﬁua%ﬂwﬁwﬂmﬂmaﬁ 4575 uastwzlaesizeln jar fermenter Wad31ngI1 pH f

LANIZRNADNIINEALOU LN 9A LN 6.5

3.1.6 m‘iﬁﬂmwammqmugﬁ

a g

lunsdnsuazasgunnidanmindaiawled p-galactosidase vadita B1.1 laulduan
laganududuyinny 25 nsudeans uunasansusunaslt peptone tHuunaslulasiannd
ANuTuTYU 20 niuda pH Guduluarmaduadariiy 8.5 Wawiziiusnamnnil 40, 45, 50,
55 WAz 60 BIFLTALTEE IMNRWILATITHAINRUNLTAALAS AanTINvaslan loduazianITauane
vodlaulml nanInaseslngaazln 3.6
A = o A A o v a & a
nn3Uf 3.6 duldhaunnginnanzauigadnivfanssuvedeulsiuaziianyy
lanzvadLaw sl p-galactosidase fia 45 aseTaiGua figunni 40 aseiraIBaITARAINIID
a vl a (@L A v 1 d' a a 1 & A
WIYldd  wdfanywvesenlodiuiidtosnitngungil 45 aseoaiBos waasinduannizi
& Ada a oA W A o ) A a a o A
asaaNIniTinteauaziainlaa ualdaansondaawlodldunign Wailfoufisunun 45
{ =) J =) QI ] Y 1A
psruoaiBus  WeamngligiuianssnveeulaiizGusaatadnaiinldta  udfianssuans
6 1 =3 v 1 U dw p.?d 1 a v 1
vostaulmiddnaaauaniay nanlddn welilienumaunsalumnudegunniigld  udlinng
Wiy lddnamngdl 45 sseoaifos lasiifanssuvesieulaigigairinny 0.478 univml Aany

@Yl R krNLYinAY 0.338 unit/mg WAZINHHNLTARKAIYNAL 1.411 nSNdafas



0.60 3.50

050 | +3.00
,g + 250
= 040 - g
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=2 1200 E
Ez 5
E‘% 0.30 | 2
2 ® 1150 @
oL °
< "5 >
8 020 1 a
& +1.00
0.10 - 1 050
0.00 0.00
0 40 45 50 55 60
Tempereture(°C)
A & & A 1y
U 3.6 NRUBINITLWIZLR YLD B1.1 Iummiwﬂszﬂaumﬂ 2.5%lactose,

2%peptone, 0.3% K,HPO,, 0.1% KH,PO, uaz 0.05% MgSO,7H,0 pH YA 8.5 tiaimziaes
L%ﬂﬁqmugﬁ 40, 45, 50 uaz 60 asenioaldos Wuaa 13 Talus lasfl H unwianssavas
owlasd (univm) B unwinnsneaduts (o) usr T unw Aenssutanizvasionlmd
(unit/mg)

a

\Wall 1977 Rao uay Dutta WAGLaW ol B-galactosidase AN Streptococcus

]
=4

thermophilus ~ 1A1I%al I@mmuﬁmﬁmqmﬂg“Lmﬂ@haﬁu qm%gﬁﬁmmzamiamwa@
Lauvl,ﬁnﬁmau%a Streptococcus thermophilus fa 40 asmuTalTaR  Grifiths Waz Muir (1978)
wmfnqmﬁgﬁﬁmm:amiaﬂﬁwamauvlsnﬁ p-galactosidase 31N thermophilic Bacillus @8 60
psrumaldus  Linko Was Bailey (1990) ldnasasiwnziassidio A oryzae VIT-D-88353 ludd
Wwin ﬂi’lﬂg’hqm%ﬂfl‘ﬁl 50 a9ALTALTR Lﬂuama:ﬁmm:auﬁq@ woNaNTL Linko LAz ADA
(1998) f3ldnanainfaianlod p-galactosidase A Streptococcus  salivarius  subsp
thermophilus 11F Taswztdssludsninuuy batch was fed-batch wudﬁqmﬁgﬁﬁmmmma
mindatenloiuasmaFauy batch @ 42 asrwafos WwazuuL fed-batch qmﬁgﬁﬁ'
WINzaENAe 37 adelwal@os  Shaikh WAzt (1997) WALewlwal p-galactosidase N
thermophilic fungus Rhizomucor sp. lasudsiugmnnilutig 38-55 aseiaaifos Usngi
qmwgﬁﬁmm:amammamLau"l,sﬁﬁﬁa 45 a3rLTalToa Vasilievic uaz Jelen (2001) lonanad
LLﬂSﬁuqm%Qﬁmﬁ'LW%LgmL‘%ﬂ Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842 WU

qmmgﬁﬁmmmmiammﬁ@Lauvl,énﬁﬁa 43 a9dLTaLTaE &% Konsoula Was Kyriakides (2005)



7 a 6 . a? d%’ . e ' a
VLGWIWE‘IQ\‘]NNGIL?J%VL%N B-galactosidase INNNILNELREILDR Bacillus subtilis WU RINITDNRG

Lauvlﬁnﬂ@‘faﬁq@ﬁqmﬂgﬁmﬁﬁu 65 DIFLTALTHR
o A £ = o e . ¢d a o
3.2 Mudgnduazfinmansmcantaves P-galactosidase 1nianladnuGald

321 myuSgnbuazfnmnanwaizauifves B-galactosidase 1ntawlmainndald

msvhuignsiewlss B-galactosidase 1 B1.1 § 2 Guasufia mthuanlodlusimn
DEAE sepharose column L&z Affinity column Tosduaanwnsaasldrnumsv ultrafiitration 729
el LLﬁaﬁnLauvlsﬁﬁu%qw‘%{ﬁvlé)’l,ﬂi‘@@hﬁﬁmiiuLau"l,sﬁﬁﬁ@hrmgaﬂﬁul,l,aa 420 nm JaelUsand
280 nm uazihn lUaFeanTINAL fraction 614 é’auamlugﬂﬁ 3.7 uaz 3.8 lagfiinanuidutuaes
NaCl a4 9afiewlmignozeananfl 0.310 M uaz 0.105 M & W3l DEAE sepharose column
Waz Affinity column @u&1aU

a3l 3.1 apmsvhutgniewlss B-galactosidase Yield fildanmsinusgning 2
Junaufa 80.3% waz 58.0% Ny danfanssuanzaasanlodifinduan 0.856 uniimg
e 1.179 wag 2.205 uniimg ANEIGU ﬁuﬁaﬁmmﬁm:é’um’mu‘%qw%aal,auvlﬂjﬁ (fold)
1w 1.38 wuaz 2.58 v %a%’mvlﬁdﬂLﬂ%isé’ﬂﬂﬂW?@ﬂ%ﬁLﬁu"fﬂm:ﬁw‘iw Wosurumoam
msvinSgnsienlssl  P-galactosidase nuuafiFunuian  Alicyclobacillus — acidocaldarius
subsp. Rittmannii ﬁﬁs:é’ummﬁqﬂ'ﬁfmaaLauvl,éliﬁl,fimhu DEAE cellulose chromatography L.z

Affinity column Lfixls 3.95 waz 11.99 11 @NEAU (Gul-Guven UazAmkz, 2006)
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U 3.7 mmé’uﬁuﬁi:%iw@i'}ﬂwsg@ﬂﬁuumﬁmmm’mﬁu 280 LAz 420 nm LAZAIN
Wntuvadinfalodunaas bS@ny fraction number ¥&8331NHN1 DEAE sepharose column lag

(M) absorbance 280 nm; (4p) 420 nm; () anudntuinfaladuuasalid
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UM 3.8 ANUFNRBTILWINIAINITQANAULEINANININAU 280 LA 420 nm UAE
anuduTwadndelodunaaa ls@ny fraction number #8393 NHNY Affinity column lag ()
absorbance 280 nm; (4p) 420 nm; () anuduTwnfalodvuaaalsd



a £ . g
91719 3.1 mavhuigniienlad B-galactosidase aniTa B1.1

Volum | Activit Specific Purificatio
Protein Yield
Purification steps e y Activity n
. (mg) . (%)
(ml) (unit) (unit/mg) (fold)

Crude extract 25 178.06 | 207.96 0.856 0.00 100.0
DEAE + Ultrafiltration 30 142.99 | 121.29 1.179 1.38 80.3
Affinity + Ultrafiltration 26.6 103.31 46.84 2.205 2.58 58.0

= g A 1 o 6 . a A{
3.2.2 nadnmdngannINmanzandentsviuvedieulss B-galactosidase U3gND
nnmsansfanynvadlanled B-galactosidase figunniiana fia 35, 40, 45, 50, 55,
60, 65, 60, 70 L&z 75 adaiTalbus lagld oNPG azantlunesinatnines 50 mM pH 6.5 1iu
Qs 1 =) ) Q€ { v ¥ g; o Ui 1 =Y
fumasn wuhnanssedewlmiuigndnldanga B1.1 wu ouldalutigunnil 55-65
A dl dl a a YA 6 dl A
asrumaiBus (JUN 3.9) lanfigunnil 65 aseoaifos azldinansinvesonlmiginga de
X S ad] o & X ! Y o o
0.346 unitml Dadgaunninldannnsanmasih Ialndifsaiuquansucvasonlsl -
. a As‘ A % AR A o Aa
galactosidase U3IgNDd NldnmMINasesves Greenberg LLazAthe (1982) NANBILNYINUNITINRG
LL&:QELLE%]HMZ‘IJE]GLE]%%%@T B-galactosidase 97N Streptococcus thermophilus WU qum{]ﬁﬁ
mm:auﬁqmiam‘sﬁfmumaal,au"lsﬁﬁ Aa 55 asruTaLdus uannidiwuinnganniiganin

70 a9ALTaLTR ﬁ"ﬂﬂi‘ilﬂ]ﬂ\‘]Lauv[ﬁﬁ'ﬂza@a\‘iﬂEi’]d‘i'l@L%’J%ﬂLﬁ]u

120.0

100.0

80.0

60.0

% Relative activity

40.0

20.0 A

0-0 T T T T
30.0 40.0 50.0 60.0 70.0

aniind (°C)

80.0

P a

Aa Aaa_ A . a a{ % g
3171 3.9 BnTwavesamnnidaianssnvesionlsd B-galactosidase L3gNT ldaniTa B1.1
T q U q




= AdA 1 a 6 . a ns‘
3.2.3 ﬂ’]iﬂﬂ‘]:ﬂQM%Q&IV}NNRWQQQWNL&GEl‘i“lla\'jl,auvlﬁli&l B-galacto&dase ‘]Jii?’ﬂ'ﬁ

AdA a

) Qs‘ 1
nmydnsravesgmniiniidennuativsvesienlad P-galactosidase uIgNT lasmatu
awlaingaunnlens g iuna 12 Talus wuhiganni 42, 50, 55 waz 60 adrLTaTua Lowlsa
A A A A A & ' \ o o Aa &
feonuafiosd U 3.10) Aansiwvesenloiazden g aaasatethe uazdslifantsuvadiawlsd
VNNINTBLRE 75 LL@iﬁ'}%%’ﬁqu%Qﬁ 65, 70 WAz 75 adraalBuy NansINvadlen briaasdading
= & L A ' & A o ' A = &
Nnadwudtlaan 1 gasmsduenlol o guwplidana  luwmimafnsewlsd -
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Abstract

The enzyme -galactosidase (lactase; EC 3.2.1.23) is a commercially important
enzyme due to its various applications in dairy and food industries, which are based on the 3-
galactosidase-catalysed hydrolysis of lactose into glucose and galactose. The objectives of
this work were to identify novel and attractive sources of this industrially relevant enzyme,
and to study the effect of selected growth parameters (carbon source, lactose concentration,
nitrogen source, peptone concentration, initial pH and temperature) on the formation of -
galactosidase. Based on a screening of isolates from Tha Pai hot spring, Mae Hong Son
Province, Thailand, strain B1.1 was selected for further studies. Strain B1.1 is a Gram-
positive, rod-shaped, catalase-positive bacterium that forms endospores. Based on the
sequence of the 16S rDNA determined, this isolate is most closely related to Bacillus sp.
YMY1010, and hence the strain is designated as Bacillus sp. B1.1. B-Galactosidase was
produced by this strain with lactose and peptone as carbon and nitrogen sources, respectively.
Optimal enzyme production occurred at an initial culture pH of 8.5 and at 45 °C. Under these
optimum culture conditions, maximal volumetric and specific B-galactosidase activity of
0.478 U/ml and 0.338 U/mg, respectively, were obtained after 13 h of cultivation in a
medium contain 2.5% lactose, 2.0% peptone, 0.3% K,;HPO4, 0.1% KH,PO4 and 0.05%

MgSO4-7H20.

Keywords: -Galactosidase, Isolation, Production, Thermophile, Bacillus sp.



Introduction

B-Galactosidase or B-D-galactoside galactohydrolase (EC 3.2.1.23), commonly known
as lactase, catalyzes the hydrolysis of the disaccharide lactose or structurally related
galactosides, with the former cleaved to its monosaccharide constituents glucose and
galactose. It is a commercially important enzyme due to its various applications in food and
pharmaceutical industries. The production of lactose-reduced or lactose-free dairy products is
one example of an important commercial application, since these products can be used by
lactose-intolerant consumers who are unable to digest the milk sugar lactose. B-Galactosidase
also offers a solution for the problem of whey surplus and disposal by increasing the value
and possibilities of use of whey. In addition, galacto-oligosaccharides (GOS), prebiotic
lactose derivatives, are commercially produced from lactose using the transferase activity of
B-galactosidases.

Over the last decades, numerous biological systems, plants, animals, microorganisms
including yeast, molds, bacteria and actinomyces, have been reported to produce p-
galactosidase, and a variety of culture conditions can affect the production of -galactosidase.
More recently, enzymes from thermophilic micro-organisms, which show a higher degree of
thermostability, are preferred because of several advantages that are encountered when
performing the reactions at elevated temperatures, namely eliminated undesired microbial
contamination during their application, increased substrate (lactose) solubility, higher product
concentrations, and increased reaction rates. This results in improvement of the economy of
the lactose hydrolysis process (Zeikus et al. 1998). Although numerous studies on f-
galactosidase have been performed, suitable enzyme activities and culture condition for the
production of B-galactosidase are still major factors limiting the application of this enzyme.

Consequently, both the screening for new strains of thermophilic B-galactosidase producer



and the effect of culture conditions on the production of B-galactosidase activity are the
primary objectives in this study.

Our experiments were aimed at screening for a suitable novel thermophilic B-
galactosidase producer with beneficial properties and the identification of this strain. Culture

conditions that affect enzyme production by the selected strain were further studied.

Materials and Methods
Microorganisms
Environmental samples were collected at Ta Pai hot spring (75 °C), Mae Hong Son

Province, Thailand and Nong Ya Plong hot spring (45 °C),, Petchaburi Province, Thailand.

Screening of microorganisms

Lactose medium (0.5% lactose, 0.5% peptone, 0.3% beef extract, and 1.5% agar) was
used in a plate-based screening of microorganisms aiming at the identification of strains
producing thermophilic Pf-galactosidase activity. The ability of the different isolates to
produce P—galactosidase was examined on lactose medium plates containing 50 pg/ml of 5-
bromo-4-chloro-3-idolyl-B-D-galactopyranoside (X-gal) as a chromogenic substrate and 1
mM of isopropyl B-D-1-thiogalactopyranoside (IPTG) as an additional inducer for the

synthesis of f—galactosidase.

Characterization of selected bacterial isolates
The morphological and physiological properties of the selected isolate B1.1 were
investigated according to Bergey’s Manual of Determinative Bacteriology (Buchanan &

Gibbens 1984)



For the determination of the 16S rDNA sequence, strain B1.1 was cultivated in
lactose medium for 24 h at 50 °C . Cells were subsequently lysed after their separation from
the medium by centrifugation, and DNA was extracted using the phenol/chloroform/isoamyl
alcohol method (Santos et al., 2001). The 16S rDNA gene was then amplified using the
universal primers sFD (5’GAC GGG TGA GTA ACA CGT G 3’°) and sRD (5 GCT TTC
TGG TTA GGT ACC GT 3’°). The PCR conditions were initial denaturation at 95 °C for 5
min followed by 35 cycles of 94 °C (30 sec), 50°C (30 sec), 72 °C (1 min), and final
extension at 72 °C for 7 min. The amplification products were purified using the Hi Yield
Gel/PCR DNA Fragment Extraction kit (Real Biotech Corp., Taipei, Taiwan). The
sequencing of the purified products was performed by a commercial provider (Bioservice
Unit, Bangkok, Thailand). Sequence data were complied with the BLAST program and
compared with those available from the GenBank database of the National Center for
Biotechnology Information. The phylogenetic relationship of isolate B1.1 was determined by

using Vector NTL

Culture condition

Inoculum was prepared in 250-ml Erlenmeyer flasks containing 100 ml of cultivation
medium, which consisted of 0.5% lactose, 0.5% peptone, 0.3% yeast extract, 0.5%
(NH4)2SOy4, 0.3% K,HPOy4, 0.1% KH,POy4, and 0.05% MgSO4-7H,0. The selected strain was
incubated at 50°C for 24 h. Cells were harvested by centrifugation (4,000 rpm for 10 min at
4°C), washed twice with saline solution, diluted to a dry cell weight of ~0.1 g/l and used as
the inoculum. The production of B-galactosidase was performed by transferring an aliquot
(1.0 ml) of the inoculum to a 250-ml Erlenmeyer flask containing 100 ml of the same culture
medium. After 13-h incubation at 50°C, cell growth and P-—galactosidase activity were

examined. To determine the effect of various carbon sources on (-galactosidase production,



lactose, galactose or glucose were used as the main carbon source in the medium. The
nitrogen sources studied included (NH4),HPO4, (NH4)2SO4, peptone and yeast extract. To
investigate the effect of pH, the initial pH of the medium was adjusted to various values (6.0—
10.0) with sterile 1.0-N NaOH or 1.0-N HCI solutions. Various culture temperatures (40—

60°C) were also tested with respect to growth and f—galactosidase yields.

Determination of -galactosidase activity

Cells were first harvested from the culture broth by centrifugation (4,000 rpm for 10
min at 4 °C). After washing twice with 50 mM sodium phosphate buffer (pH 6.5), cells were
suspended in 50 mM sodium phosphate buffer pH 6.5 to obtain a cell suspension, and were
then broken by three passages through a French Press (Aminco, USA) at 1200 bar and 4°C.
The cell extract was separated from cell debris by centrifugation at 4,000 rpm and 4 °C for 30
min. This crude supernatant served as the enzyme source.

B-Galactosidase activity was quantitatively assayed at 40 °C by incubating 20 pl of
suitably diluted enzyme solution with 480 ul of 22 mM o-nitrophenyl-p-D-galactopyranoside
(oNPG) in 50 mM phosphate buffer (pH 6.5) as the substrate for 15 min. The reaction was
stopped by adding 750 ul of 0.4 M Na,COs3 and the amount of o-nitrophenol (oNP) released
was determined by reading the absorbance at 420 nm.

One unit of B-galactosidase activity (U) was defined as the amount of enzyme that
releases 1 pmol of oNP from oNPG per minute under the experimental conditions described
above.

Determination of cell dry weight

Cell dry weight (CDW) was estimated by centrifuging 3 ml of the culture samples at

4500 rpm for 15 min, washing the pellet twice with distilled water, and drying the sample in

an oven at 70 °C to constant weight.



Results and discussion
Screening and identification of a selected isolate

In a screening of moderately thermophilic microorganisms from hot spring water
samples, aiming at identifying suitable thermophilic producers of [3-galactosidase activity, an
approach based on lactose agar plates with an incorporated chromogenic substrate was used.
By using this approach, more than 30 phenotypically different colonies were isolated after
incubation of the agar plates at 50 °C, and 5 colonies were identified as potential [-
galactosidase producers since they showed blue colonies on lactose agar containing X-gal.
Strain B1.1 (from Ta Pai hot spring) was found to exhibit the highest of P-galactosidase
activity (data not shown). This strain has the ability to produce an intracellular -
galactosidase, and extracellular [B-galactosidase activity was not detected during the
cultivation. Isolate B1.1 is a Gram-positive, rod-shaped bacterium that is catalase-positive. In
addition, it also forms endospores under appropriate conditions. Its colonies were found to be
circular, milk white, smooth and humid.

In order to identify this isolate, the 16S rDNA of strain B1.1 was sequenced directly
following PCR amplification. The 16S rDNA sequence of strain B1.1 was determined to be
406 bp long. An alignment of the 16S rDNA gene sequence of isolate B1.1 (GenBank,
accession number AY 198416.1) with sequences available in the GenBank databases at NCBI
demonstrated that the highest degrees of identity is with the type strain Bacillus sp.
YMY 1010, sharing 97% 16S rDNA similarity. Figure 1 shows the phylogenic tree of isolate
B1.1. Based on the 16S rDNA sequence and the biochemical and physiological
characteristics, we determined B1.1 to be a Bacillus species and designated it Bacillus sp.

Bl1.1.



Factors affecting p-galactosidase production

In general, B-galactosidase production is affected by numerous factors, such as the
components of the culture medium and the cultivation conditions (Nagy et al. 2001; Hsu et
al. 2005; Hsu et al. 2007). The effects of some of the key factors, like carbon source, nitrogen
source, amount of carbon, amount of nitrogen, initial pH and temperature, on the formation of

B-galactosidase activity by Bacillus sp. B1.1 were determined.

Effect of carbon source on the production of p-galactosidase

To investigate the effect of different carbon sources on the production of f-
galactosidase by the selected organism Bacillus sp. B1.1, lactose, galactose and glucose were
used as the main carbon sources and compared with respect to the yields of -galactosidase
attained. f-Galactosidase activity was determined after growth of the organism for 13 h . As
shown in Figure 2, Bacillus sp. B1.1 can utilize a variety of different carbon for the synthesis
of B-galactosidase. The highest B-galactosidase activity was detected after growth on lactose
followed by galactose and glucose. Several researchers have described that various carbon
sources control the production of B-galactosidase in different microorganisms. Nagy et al.
(2001) reported that lactose is the only sugar used by Penicillium chrysogenum, whereas
glucose is not used. Shaikh ez al. (1997) reported on the influence of some carbon sources on
the production of B-galactosidase by Rhizomucor sp. They indicated that lactose was the best
carbon source while glucose was the poorest carbon source.

Different lactose levels (10-35 g/l) were added to the medium and the activities of p-
galactosidase as well as growth of B1.1 were estimated after 13 h of incubation. The results
presented in Figure 3 indicate that the concentration of lactose in the medium affected both
enzyme activity and growth of the organism. The B-galactosidase activity increased as the

lactose concentration in the medium was raised up to 25 g/l. Under these growth conditions, a



maximum [-galactosidase activity of 0.166 U per mg dry cell weight was observed. A further
increase in the initial lactose concentrations led to a decrease in -galactosidase activity and
cell growth. Increased lactose concentrations in the culture medium may repress the

biosynthesis of B-galactosidase (Inchaurrondo et al. 1998; Fiedurek & Szczodrak 1994).

Effect of nitrogen source on the production of p-galactosidase

A variety of different nitrogen sources were added to the medium containing 25 g/l
lactose and the activity of B-galactosidase was determined after 15 h of fermentation at 50°C
(Figure 4). Peptone was the best nitrogen source for the production of B-galactosidase by
strain B1.1. Our results agreed with those observed for Streptococcus thermophilus and
Kluyveromyces lactis by Rao & Dutta (1977) and Barreto et al. (2000), respectively, who
demonstrated that peptone can be a good nitrogen source which that a maximum synthesis of
B-galactosidase. On the other hand, these results were different from the report of Domingues

(2004) and Hsu et al. 2005), which indicated that the highest activity of this enzyme was

obtained by Aspergillus niger and Bifidobacterium longum CCRC 15708, respectively, when
using yeast extract. A further increase in [B-galactosidase activity was observed with an
increase in the peptone concentration in the medium, and a maximum activity was obtained
in the presence of 20 g/l peptone. A further increase in the concentration of peptone did not

enhance the enzyme activity any further (Figure 5).

Effect of initial pH and temperature on enzyme production
The effect of the initial pH value of the medium on enzyme production was studied
over a pH range of 6.0 to 10.0. The maximum enzyme production was observed between pH

8.5 and 9.0 (Figure 6), while higher initial pH values resulted in a sharp decrease in [3-



galactosidase activity. There have been few reports on -galactosidase production at this high
range of pH.

As presented in Figure 7, various culture temperatures (40—60°C) were tested in order
to investigate their effect on B-galactosidase production. At temperatures between 40°C and
50°C, the strain grew well, and highest levels of -galactosidase activity were obtained. The

maximum enzyme activity value was found when the cultivation was performed at 45°C.

Acknowledgements

This work was supported by the Thailand Research Fund and The Higher Education
Commission (MRG5080342) and the Department of Biotechnology, Faculty of Engineering
and Industrial Technology, Silpakorn University. We also thank Asst. Prof. Dr. Busaraporn

Ngampanya for the provision of the identification of the bacterium.

References

Barreto, E.S., Silva, D., Flavia, O. & Passos, M.L. 2000 A practical method for
screening for B-galactosidase secreting microbial colonies. Brazilian Journal of
Microbiology 31, 37-38.

Buchanan, R.E. & Gibbens, N.E. 1984 Bergey’s Manual of Systematic Bacteriology,
8th ed. Science Press, Beijing.

Chakraborti, S., Sani, R.K., Banerjee, U.C. & Sobti R.C. 2000 Purification and
characterization of a novel B-galactosidase from Bacillus sp MTCC 3088.
Journal of Industrial Microbiology and Biotechnology 24, 58-63.

Domingues, L., Oliveira, C., Castro, 1., Lima N. & Teixeira A.J. 2004) Production of
[-galactosidase from recombinant Saccharomyces cerevisiae grown on lactose.

Journal of Chemical. Technology & Biotechnology 79, 809-815.



Fiedurek, J. & Szcodrak, J. 1994 Selection of strain, culture conditions and extraction
procedures for optimum production of -galactosidase from Kluyveromyces
fragillis. Acta Microbiologica Polonica 43, 57-65.

Hsu, C.A., Yu, R.C. & Chou C.C. 2005 Production of -galactosidase by
Bifidobacteria as influenced by various culture conditions. International Journal
of Food Microbiology 104, 197-206.

Hsu, C.A., Yu, R.C,, Lee, S.L. & Chou C.C. 2007 Cultural condition affecting the
growth and production of B-galactosidase by Bifidobacterium longum CCRC
15708 in a jar fermenter, Graduate Institute of Food Science and Technology.
International Journal of Food Microbiology 116, 186—189.

Inchaurrondo, V.A. & Flores Voget, C.E. 1998) Growth and -galactosidase synthesis
in aerobic chemostat cultures of Kluyverromyces lactis. Journal of Industrial
Microbiology and Biotechnology 20, 291-298.

Linko, M. & Bailey M. J. 1990 Production of B-galactosidase by Aspergillus oryzae in
submerged bioreactor cultivation. Journal of Biotechnolog 16, 57-66.

Linko, S., Enwald, S., Zhu, Y.H. & Mayra-Makinen 1998 Production of 3
galactosidase by Streptococus salivarius subsp thermophilus 11F. Journal of
Industrial Micrology and Biotechnology 20, 215-219.

Nagy, Z., Keresztessy, Z., Szentirmai, A. & Bird, S. 2001 Carbon source regulation
of B-galactosidase biosynthesis in Penicillium chrysogenum. Journal of Basic
Microbiology 41, 351 — 362.

Rao, RM.V. & Dutta, S.M. 1977 Production of Beta-Galactosidase from
Streptococcus thermophilus Grown in Whey. Applied and Environmental
Microbiology 34, 185-188.

Shaikh, S.A., Khire, J.M. & Khan M.I. 1997 Production of -galactosidase from



thermophilic fungus Rhizomucor sp.. Journal of Industrial Microbiology and
Biotechnology 19, 239-245.
Zeikus, J.G., Vieille, C & Savchenko, A. 1998 Thermozymes: biotechnology and

structure-function relationships. Extremophiles 2, 179-183.



Bacilus sp.y iy 1010
Anoxybac ilus mongoliensis strain T4

4| anoxybacilus pushchinoensi stain A2 |
Bacilaceae bacterumLBD1

anoxvbacillis pushchinoensis stran: AT-2
anoxvbacils pushchinoensis strain: AT-1
m BL1

anoxybacillus sp. CBS-S5
Anoxybacills flavitermus stain Tapol

dnoxybacills sp.

Anoxybacillus kestanbalinensis strain K2
Anoxybacills flav therrmus strain C
Anoxybacills flavitherrmus stan R-18857
dnoxybacills flavithermus stain R-18839
Bacilus sp. NR-1001

Bacilus sp. OS5-ac-18

_iﬁnuxyhac ilus k estanbaolinensis strain K4

Anoxyvbacills kestanbolinensis stan K1

Figure 1. The phylogenic tree showing the position of isolate B1.1 to a selected number of

members of Bacillus Gram-positive rod bacteria.
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Figure 3. Effect of lactose concentration on the production of -galactosidase by strain B1.1

Determinations were made after 13-h cultivation at 50 °C. Symbols:

A dry cell weight; I B-galactosidase activity; [_Ispecific activity.
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Figure 4. Effect of nitrogen source on the production of -galactosidase by strain B1.1
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Determinations were made after 13-h cultivation at 50 °C. Symbols:

B-galactosidase activity; L—Ispecific activity.
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Figure 5. Effect of peptone concentration on the growth and -galactosidase production by
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Determinations were made after 13-h cultivation at 50 °C. Symbols:

B-galactosidase activity; [_]specific activity.
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