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WITSANU SRILA : CLONING AND EXPRESSION OF BETA-GALACTOSIDASE
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NGAMPANYA, Ph.D., AND ASST.PROF.PITTAYA LIEWSAREE, Ph.D., 116 pp.

Thermophilic bacteria have been of interests for the commercial production of
B-galactosidase. However, most native thermostable enzyme is synthesized at very low levels
by the thermophilic bacteria. So, the objective of this thesis is to enhance the production of
B-galactosidase by cloning and expression in Escherichia coli. B-Galactosidase gene (lacZ)
was cloned from Lactobacillus delbruckii subsp. bulgaricus TISTR 892 and expressed in
E. coli TOP10F' (designated pHFgal17). Recombinant enzyme was purified one step by using
Ni Sepharose 6 Fast Flow. The purified enzyme is a homodimer composed of two identical
subunits of 115 kDa each. The optimum pH and temperature were 7.5 and 55 C,
respectively. Metal ions such as MgZ+, Mn** and Co*" increased enzymatic activity of about 3-
fold in comparison with that in the absence of metal ions, whereas Pb2+, Cu* and Ag2+
showed a complete inactivation. Enzyme was moderately inhibited by glucose, galactose and
lactose (100 mM). Kinetic studies revealed a K, and K. of 1.2 mM and 252,000 s
respectively, using oNPG as substrate. In addition, this enzyme was also assayed for
galactooligosaccharides (GOS) production. The enzyme produced GOS formation reached
approximately 34.39% from 53.21% lactose hydrolysis at 2 h, When 250 gL'1 initial lactose
concentration. It is a potential use for lactose hydrolysis in milk, whey and the production of
GOS.
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5 I A 1 [
uyAn 154 (galactooligosaccharide, GOS) Feaunsaldiiluensasuniilse Tesidoguan



4 - v
Yo IuUBE |14 (Gekas 1Az Lopez-Leiva, 1985; Nakayama 118 Amachi, 1999)  tou'laifi
Y o a 3 A v dy a ad eaj = J A A
amsonyldn ldlusssumancluiy dal aaeasuyegaunionedad s1 uuaiise
a % 4
HonA IUNeFALAZ1TIAUIUANITY (Gekas 1102 Lopez-Leiva, 1985; Nakayama 1182 Amachi,

1999)

0-20 %

20-40 %

B oos0%
B eos0

B a0-100%

M 1 ANNDVeIoIMTULan Ind (http://en.wikipedia.org/wiki/Lactose intolerance)

Y o o a o v .
Tuilvgiwen lvinuguugigesiduiluindesnisveiningad1mnssy (Bruins

P a 4 9 a Y
uagame, 2003) uaz”lmm’;mauclﬂ“lumiNam@u”lqmmm—muaﬂmmamamsm

a

: : , .
(Petzelbauer, 1999) Lﬁi’)ﬂ%?ﬂﬂ’ﬂhﬁ?lﬂiﬂh‘luﬂa”lﬂ“] sghuﬁmﬁaﬂmeu%umﬂmuqmwm

U

]
=1

9
1thunais (mesozyme) NIMINULAIADeTNQUNNT T NUADHSIA

a U QU

@mnazany tasnu

=
y
I 1 Y ' dal A a dg} ~ a v A Y
Lﬂuﬂﬁﬂﬂ”lﬂulﬂﬂﬂ’n HDNIINUNTEUIUNTNNAVUNYUNHNFIGINY

G U

an =
oAdNYAelIZN1T A0

a |

A v o { v 1 -4
WUAINITASANYUDITUTLATN aﬂﬂ’NNL?TEJWI’f)ﬂﬁ‘]JLlL‘]dJﬂuﬂ]@ﬂﬂau‘ﬂ%ﬂ%uﬂ@uﬂ Hazannig
[ uszl aan 4 a [ 4

ﬂuaqﬂgﬂimzﬁmmﬂwammm (Zeikus BiagAe, 1998; Kristjansson, 1989; Stutzenberg, 1990;

=& = A a A =X Ay Yo 3 '

Petzelbauer LagAde, 1999) mwuﬂmssﬁmuqmwgwuwmm”lmum”|uﬁu°lmﬂuamm1ﬂ
= A a . . . g A A A [ I~ Ao A
A LUANLIBLLANAN (lactic acid bacteria) msdunuanGeneeusuIntdunuanizen

1aeane (Stiles 11a2 Holzapfel, 1997)
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Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) WunuaniseunsuuIn
] 3| ] Aa Y :/' Ao (= a ] A A Y S ¥ A A
Eﬂ‘ileﬂulL“ﬂQ L%ity”lﬂmﬂmmz"lum@ﬂmmu "111mmmmaaummgﬁiwﬁﬂai"l,ﬂ UUANLIY
a y a a I~ Aa o Jd W % g’ o
‘Buﬂﬁﬁ’m’liﬂWﬁ@]ﬂ‘i@l,l,aﬂ@]ﬂ!ﬂuWﬁ@]ﬂmMWﬁﬂi]'IﬂﬂWiﬂﬂJﬂu'lﬁ'lﬁ wﬂﬁjﬁmwmmmiaﬂm

=) a v W

A 93 QSII a d a 4 yw 1 [ { a
tpuauiialumsdudigaunsdsiadu uennnildarielsulguilomrduda nausaves

v
a o J o a ~

3 == 9 a ad A
HAANUNOIMIININ L. bulgaricus WnunanGeseuguugiganlslumsnaalonsa ¥a uas
Yo v 1 d Aa A [ . .
1@5unseeusuiniunuaisendasasis (generally recognized as safe bacteria; GRAS status)
{ 19 4 a
insanvuneddueu lediudr-muanlagaane uan L bulgaricus ATCC 118442

9
(Vasiljevic 1tag Jelen, 2001; Vasiljevic 8% Jelen, 2002) WU mau‘lmﬁﬁ%ﬂagiu glycoside

=<

hydrolase family 2 14 CAZy database @11130MUNIA UAINIIUGIUAZITDYINYUNYIGI &
[ 1 A o 1 @ Ay a Ad a A
annzainanasaiusasimsgesuan laauazesnunmsduiloningaunsdxiinou
dytv T u'dyr:,’ A ) [ Il [
wennnddanud wulydiiduniauladmsumsgesnan Tnannmauunazunluseay
1 < 1
QATINNTTY (Rhimi HazANY, 2009) 061 15NN L. bulgaricus Hanuamsoluns
a 4 a FY [ é 3 o 9 d Aa Q(d 3
nameu lsinugamgiigeldluszavdwazduaoulumsi liou ladusqnsivarvtuaou
Yymidananernud lauldTasns Tnaudwudr-nuanlagaanaznisii liuaaseonlu
Escherichia coli’ (E. coli) N5 10U 01NNIBNGIN VNS IAaWilasMsiaadoonvoisy
9 a A EVAN=1 1 A a o ° a = S Y
wdr-nan Ingdmanuaasldmunausomumswanou laduagiusgnsou lyila
4
NNEITUADUIAYY (Dabrowski LlazAmE, 2003; Kang LazAMe, 2005; Cieslinski Lagame,
4 Y [
2005; Nakagawa LiagAag, 2007; Nguyen Lazanig, 2007a) aatinluauideiivejadulliing
TaauHILasMsLaAI0nYR B UIUA-NAR IABIAT Lactobacillus  delbrueckii  subsp.

9 ]

bulgaricus TISTR 892 191q E. coli tNoUsvigamsnaaeu ladiudr-nan Tnadiae

dyw Y= A @ va 4 .
uﬂﬂiﬂﬂuﬂﬂulﬂﬁﬂ‘]el'lLﬂEJ'Jﬂ‘lJﬂm’L’fiJ‘]Jﬁﬂ?ﬁﬂi%ﬂ'l‘iﬂl’f]dl@ullclfﬂgﬂwau (recombinant enzyme)

v
M8

[y d
ANMfarInataz InglszasnvaImsany
d' = Q' G 9 a
1. LWE]ﬁﬂ‘HWﬂ'l'iiﬂaulNllagﬂ?illﬁ@\?'ﬁ)ﬂﬂﬂlmﬂulﬂ@]’l-ﬂnlﬁﬂiﬁﬁ%m’ﬁiﬂﬂ
9 1
Lactobacillus delbrueckii subsp. bulgaricus TISTR 892 1U1¢ E. coli

o a Q( =

va 4
2. husgninazAnguautaulsemsvesou laignueau



VDUIVAVDINTANH
1. Taavsuvazi Iouwdr-muan laadaauaniosnlu £ coli
o a = 4 Y a A A 5% .
2. hsgnseu ladwdr-nuan Inadaagnwaniingn 16a20 Ni Sepharose 6
Fast Flow
=3 vAa 4 1 a =1 d’
3. Anvnaauiaunlsemsvesou lmignuey 1wy gurgluazioriming
Y
a 1 4 a o 1
gurgluaziitorasanuatosvesow lal Waved losou Tavzuazyiaveiviane
a 4 1 4 4
Aanssuvoueu lul uazamamans voaeu lal

= a o A a ]
4. ANKINITHAN GOS mm@u"lcmgﬂwﬁmnwa@'lﬂ

d' U Yo
wanmaNnazlasy

a A A a a

Y o P A
1. deneiuggaunionaunsondaeu lsiiud-nuanladdaanugungies
4 o 9 a 4 ] a a
o1 1115 lumsmanou laiiogaiidszansam
o Y wAa 4 a
2. ldnswquanuzauiaveweu lwiindr-nuan Tnasnagnuaunas

awnsnih lszgnd 19 1dedamanz an
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% Y

A A
BNAIUALITHIVYNUNYIVDN

1. vanlng (Lactose or milk sugar)

wan lad (lactose) W30 4-0-B-D-galactopyranosyl-D-glucopyranose L‘]cj Hunas

@

J A o <3| g’ 1A gl =~ Il = ' us:
mﬂ‘u"lami@mmﬂmuamﬂummaimaQagmwu“lumumwm@mqmmmmu I,Laﬂimﬁg]ﬂ

g

@ J.

4
duns1zniuluaoud vy (mammary gland) 910ng IAA (glucose) Haznan Ind (galactose)

& g ] 1 @ A
Fudluriivgesvewan lad AuaaanIng 2

OH OH
0 O H H O _OH
H o KH
OH OH H
H H H H
H - COH H ' OH

~ P =
70N 2 Taseasramaniiveanan Ing

=\ 4 Y = 4 @ [] 1 9 4

wan Taalase Texivateniune Maunnduazind¥nssy wu e lumsasrusaa

<3 1 EY o < a I Y 1 o
TUDIVDIUANDDU 1%1un15w1a11ummgtlwumﬂﬂcga 1Wuau NNPATINNITTUDINIT IFU N

Yya a A A o 2 A A 9 ya o

inaguaznaulunaadaumuunazyunile LummmmﬂTﬂﬁmagﬂmmmu%Gl?iﬁmma
A aaa A A 1A J .. Av A a

(caramel) maﬂgﬂimmiammamiﬂ (Holisinger, 1991; Harper, 1992) UWNNYINNITION
A A [ a A A A A [ dy A o o 19 Y a [ L=

wan lag mmwmwmuaaaimﬂwmmmwu@mmwaﬂiuﬂqqguamﬁmﬁllm“lwwa@mmmm

&%

anwrunnnull endaees wu iedunan Tnaldasldludes uanlaavs Tignuin

e

o s o ' A o ¢ A o A J
Tagdaailios (beer yeast) wazdinsoglundanmaniodivlgsnausa anunila fudu 14
I Y] o a @ 4 I~ 1 ] A o [ a =4
Wudmuaumsminueswaasuaiun msizuan Iaaduunae1miosed dmsugaunss
1 o ] I o
AansalduanTaalunmsninuuld @ Lactobacillus wag Bifidobacteria bifidus Wudy

a a % ° Y I v @ )
Iinansauandn e lduuisadsenr Idudrdmiliuaalaaluuudurnuanaznou
Y3 dgl Y 1 o [ Y =R QSI [ 4
18530 mszdwanlaganaznou linuananiunivlszmusgddnanau daudse Tom
Y A 1 9 @ ~ ] [ 1
NNAIUDUY 15U NTzRUMIATUVEILAAITFeN Faetlesiulsanszgnoounas Tsniluy

a

I 1 y g 4 1 < 1
(Swallow, 2003) uaz IHudrulsznevveses lums@eusegaunss od1elsnaimmun



[T~ 1 A A 9 [ 1 9
van laaduluaunqguesilymiva 3 Ysens Ae quaw 01ms nazdwnadeon aenan 'l

k) o
ua luuniin

d Y a
2. ey laiium-muanlading
4 Y a . A A
oulaiiudr-nuan Tndiae (B-galactosidase) ¥ 39 B-D-galactohydrolase V159
I P aaa 1 3
uanad (lactase) (EC 3.2.1.23) Huoulainisslgnseinsdoonan laalfidung lnauaz
muanladlasdosaaioiusziud (1-4) Inalaganasnind 3 daaziildsanegadulade
A 4 Y a 1 Y & Y o Y
Woeulyiindr-nuanlagmadesuanlaaliilungladuazniuanlaa udrvziild
a [ A Yy d? 9 A Yo Y] 1 A £ 3’ A 1
HagAaMN 1aNsanULINTUA8 TagnT1ame 1dTUNGI NN AN FIFeUHNANTEHINN
Y
o ' ) o
ngInduaznan laadinnuvnuuazazaiei laaniuan lad awnsorh lddszgndldlu
4 v 1
RATIYMNITNO IS lanaelszian saumamseaatiusonainnanases lAvngaamnIsuue
< & g A 1 a o ) Y= £y . . 1
39 Fuiumsmiuyamveswansua Ao nN19H 928 (Pivarnik HazAN, 1995) dIULIIAY
{ [ 4 I ) 1 [ o o " o
nlilaauuiulszdwg liaunsodosuanlaald i ldunaiiGelud 1dIvopivanlaa
I ] o o a (2 4 J &
T4l uermsdunszurumsniini liinaunansveu lasen lod awlalasnunaznsa
o usj o Y ‘a Y = Y = ] Y Y dy 4
lagTuaedus i limaeinisnends aneaazionsuiunesd vonantiton Lyl
Y a [ 1 aaa o/ a [ ol 9 aan dy A
warmuaalagaddasaljniomsunitan e lsady naadman laainlgnsen Ao
a 4 a & & I A 1 4
#1305 luTeAndlsznnmuannloa Inuyan lsa seanunsaldduemsasuniilse Towd

Gl'i’)q"leﬂ”IW“Ui’NiJuBEﬂg]} (Gekas e Lopez-Leiva, 1985; Nakayama 1i6¥ Amachi, 1999; Pivarnik

F
4

o’dy Y o a 1191} A v dy a = Y=t 4
wazamz, 1995) o laitny 1an T lusssumansluiy dad aaoasuseyaunis ndaa
A A a v A d A A A @ A
S1uuANiGe  wead Iuledauazosinouunaiise audadlua1s19i 1 (Gekas Uag Lopez-
. . VoA o’dyd 4
Leiva, 1985; Nakayama (8¢ Amachi, 1999) uvasniaulavesou laaitiae oulaian
== I U s~ 1 v A A a Y
nuaise mszduuvaseu lagnaniurasdu esnnamisanan ladieannszuiums
v A 4 e . J { {
wiin nonssuou laige nazlinnuadesq (Vasiljevic uag Jelen, 2001) uvasnilanuiauly
I~ (] o’dyd 4 QA a & Y 1 .
Wuegraunveseu laiine eulsinnuuaiiGoanan F91lszneudienguues lactococc
streptococci 1A% lactobacilli (Somkuti tazAME, 1998) MF1zIMUARISoLanan lASUMS
o [/ A A o o a = Sy ¥ a A a T
vouSuIniunuaiiGenasanes miswsgnieuladn ldnnuuaiiseuananein bigen

A A @ = va I a d 1 S o Y [
HIDUIINIG UN’L*HEIWH‘]j.iJﬂmﬁiJUGILﬂuIWiVl‘UI’E]Glﬂﬁ ?NWﬁﬂﬁ@t’ﬁlﬂ1wuﬁ$ﬂﬂﬂﬂ1iﬂ®ﬂ

P
Y R

uanlaa ldav1 (Vinderola a2 Reinheimer, 2003) 1szansniormsuiianlaaaiuise
a a o 4 o a Y 12 9 1 [ e .
V5 Inarandasiuuvinuieyialame Taelilinaseaes1anie (Vasiljevic tag Jelen, 2002)

! @ Y B2 a g % a
flﬂTiﬁﬂkﬂLﬁEl'JﬂUﬂmﬁﬂngﬁiJﬂﬁ ﬂizmumiwamaullcm LU DITHUNUUUNS HAZINAUA



<3| { o 4 a
msnsd uaganudull1dnezih I 1$ ugaavnssuveseu lsiindr-nuan Tngaanin
a A a . . & v JAq Y a
BUANTUUARNAN L. bulgaricus Qg Streptococcus thermophilus wgﬂumﬂwu‘qﬂﬂumiwaﬁ
ad Y o 4 ~ A 3 I Y
Toinsauag latimsiueu ladnnuuaiGensdes ldszgna 1§ lugaaimnisuemsuaz uu
] [ A a A a [ o A c; A 12 ~ 1
PE1UNTVAE tHENARDIMITHIONaRN UM IINUNNTLan Indd1mTe billuan Tnahazie
9 = v Yaa 9
uAtlyrnuRedfuANLeIM I
U Y o 4 a 4 1 4
Tuilagiu ldtinsdueneuledvingdunsdurwnas 14 s Temnindalu
o

nszuIuMIRaaluszAugaaIMNIT MTumsHaanaaduyintinan lagdimie lud

vanlaalugaaimnssuuy awuaadlumsnan 2

OH OH H oH
0 0 0 OH 0 O OH 0 OH
OH 0. KoH — \OH ’ I\oH
OH OH OH OH
Lactose Calactose Glucose

MNAN 3 JnTenisdosaaisian Iad (Lactose hydrolysis)

3. m3swunriaveuerlaniud-muanlndaa
. I~ s o { ' o
Glycoside hydrolase (GH) uteu lgiinyldnlUnemnsodesaarsiuse
an U o A U A 1 o [} ]
Tnalaganszninms lulawsadesluananiouinnivioszriems lu lamsauay laly
7 o w as A A o a ¢ .
a15 1 laasa andrnunsaesd Tutmilouny A1331AT1ZH hydrophobic cluster na Inlun1s
Lﬁﬂﬂﬁﬁ?mlmxm’iﬁnﬁﬂﬁ catalytic residues (Henrissat, 1991; Davies itag Henrissat, 1995;
9 1 J Y a I .
Durand (lagaMe, 1997) 1dutivou lyiiudr-muanlagiaaeoniu 4 glycoside hydrolase
families A9 1, 2, 35 LAY 42
< o a { o o
Glycoside hydrolase family 1 Wueu lmiiudr-nuan lagaanSon lanuen lad
a 1 4 1 ? o [ QS/I 1
war-Tnalagaa msrziveu ladmariiianudmnesuasdesdulusgianii (broad substrate

specificity) (Lee tiagAMe, 2010)
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Plants: Peach, Apricot, Almond, Kefir grains, Tips of wild roses, Alfalfa seed, Coffee berry

Animal organs: Intestine, Brain and skin tissue

Bacteria: deromonas cavie, Agrobacterium rediobactor, Bacillus acidocaldarius, B. circulans,
B. coagulans, B. licheniformis, B. subtilis, B. stearothermophilus, Bifidobacterium sp., B.
bifidum, B. longum, Clostridium acetobutylicum, Escherichia coli, Lactobacillus bulgaricus, L.
casei, L. helveticus, L. sake, Lactococcus lactis, Leuconostoc citrovorum, Streptococcus

thermophilis, Thermus aquaticus, Thermoanaerobacterium thermosulfurigenes

Yeasts: Candida pseudotropicalis, Crytococcus laurentii, Kluyveromyces (Saccharomyces)
lactis, K. fragilis, K. marxianus, Lipomyces sp., Torulopsis sphaerica, T. versalitis,

Brettanomyces amomalus, Wingea robertsii

Fungi or molds: Alternaria alternara, Aspergillus cellulosae, A. flavus, A. foetidus, A.
nidulans, A. niger, A. oryzae, A. phoenicis, A. terreus, A. wentii, Aspergillus sp., Chaetomium
globosum, C. cochiliodies, C. funicola, C. thermophile var. coprophile, Fusarium moniliforme,
F. oxysporum var. lini, Geotrichum candida, Humicola grisea var. thermoidea, H. lanuginosa,
Macrophomina phaseoli, Malbranchea pulchella var. sulfurea, Mucor miehei, M. pusillus,
Mucor muccedo, M. javanicus, Neurospora crassa, Paecilomyces varioti, Penicillium sp., P.
multicolor, P. canescens, P. citrinum, P. luteum, P. chrysogenum, P. frequntans, P. cycropium,
Phycomyces blakeleeanus, Rhizopus acidus, R. niveus, R. nigricans, R. deemar, R. chinensis,
Scopulariopsis sp., Sclerotium tuliparum, Spicaria sp., Sporotrichum sp., S. thermophile,

Sterigmatomyces elviae, Thermomyces lanuginosus, Torula thermophila, Trichoderma viride

Actinomecetes: Actinomyces viscosus, Nocardia sp., Saccharopolyspora rectivirgula,

Streptomyces lividans, S. venezuelae, S. violaceus

Archaebacteria: Caldariella acidophila, Sulfolobus solfataricus, Pyrococcus woesel,

Haloferex alicantei




A o & a AdAq Y a ) a Y
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Aspergillus niger
Baxter Laboratories, Chicago, 11, USA. Societé Rapidase, Seclin, France
Dairyland Food Labs, Waukesha, Wi, USA.  Wallerstein Co., Morton Grove, 11, USA.

Kyowa Hakko Kogyo Co., Japan, GB Fermentation Industries, Inc., 11, USA.

Kluyveromyces or Saccharomyces lactis
Gist-Brocades, The Netherland (‘Maxilact’).
Nutritional Biochemicals Co. Ltd, Cleveland, USA.

Tokyo Tanabe Co., Ltd, Japan.

Kluyveromyces or Saccharomyces fragilis
Kyowa Hakko Kogyo Co., Japan,
Sigma Chemical Co., St. Loiis, USA.

Novo A/S, Denmark (‘Lactozym”)

Escherichia coli
CF Boeringer CmbH, Mammheim, Germany

Worthington Biochemical Corp., Freechold, USA.

Yeast preparations are supplied by:
British Drug House Ltd, London, England. Sturge Enzymes Ltd, England
(‘Hydrolact)

CEBI, Cassina de Pecchi, Milan, Italy. Miles Laboratories, USA (‘Godo’).

Fungal preparations

Miles Laboratories, USA (‘Takamine’).

o a 1 "o 1

Glycoside hydrolase family 2 tou lassiiud1-nuan ladmadiulvgdnoglu GH

Y ] d Aa 1
family 4 15U 10U lysivtia LacZ 910 S. thermophilus L. bulgaricus Uae bifidobacteria N
L@ull%’fl'%ﬂﬂ LacZ uazmu"lcﬁﬁﬁnﬁﬂ heterodimeric LacLM 910 Leuconostoc lactis L.
acidophilus L. sakei L. plantarum L. coryniformis L. helveticus U L. reuteri (Schwab UagAdle,

4 a I 3

2010) tou lmiiwdr-muanladaaly GH family 1 uaz 2 youlduanlamiuaisdsdu

[ A 1 dy ] A A a . . A a 9 [
AaanyazaulaedlnulseluuuaNFouanAnuas bifidobacterium NUANVABIVDINY

A o I8 o 9 A AA Yy 9 L4 9
mJmwmmmummz”lum”lﬁmmmiﬂ ‘luﬂim‘nummmmummuaﬂimqamu%mum—
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muanlagaaly GH family 2 WwaNNTINAA GOS 18 (Hung ttag Lee, 2002; Ngugen LagAe
, 2006 ; Splechtna iazAME, 2006 ; Hsu azAaz, 2007) %9 GOS 1uase1msnaves
HuANGELANANLLAY bifidobacteria

4
Glycoside hydrolase family 35 o1 lifiud-nuanTadmaluuniatiansas

]
= 1

Aaaa (] 4 an
UN561600 p-galactosyl  residues Nogasilatevesnis lulamsaniuanlnaanaz

=\ U'dy 9 == a = 3 £~
TnaTaldsau eulaiiiny I8 lunuaiiGouazgans Toa aaeaaunylunesdugs Faliunum
o w A J @ o J 9
drglumsulasunlasesndsznovvesmivsad luszriemsgnuoawalil (Carey uazniz
, 1995; Smith tazANE, 1998, 2002) MIVIBRIUFAA 1UTLHIINMTITYVEINY (Dopico HAz
At 1989; Sekimata LazAME, 1989) N13534150U99A0N (Ragothama tazAME, 1991) N3
indeude xyloglucan 14 cotyledons (de Alicantara tazaai, 1999) uazmsilasunias

2

Muan 1na1la (galactolipid turnover) (Bhalla tiag Dalling, 1984) UoNa1INUEANUHNTo
nyunuan Ia laadudie (Yoon azAjisaka, 1996)

Glycoside hydrolase family 42 tou'lafiudr-nwanlagiaanuguygigs nu

Ao < o 1 a Y o a { 1 a Y
gangiduaznuay daeglunliiai Tasna lleulsdudr-nuanladaanegluuiaiisg
b4
ﬁﬂ’JWﬁWLWWﬁUﬁﬁﬁﬂ&luiu%ﬂﬁuﬂv (narrow “substrate specificity) (Shaikh (lagate, 1999;
Coker (ta¥AQIY, 2003; Hu HagaAmy, 2007; Li tagAme, 2009; Park (lay Oh 2010) uag 'l
annsadoouan Inaldedraaungal (Van Laere wagaig, 2000; Hinz azAmE, 2004; Di Lauro
2
agAMy, 2008; Shipkowski ttag Brenchley, 2006) ’c’f%ﬁﬂlﬁﬂMﬂﬂﬁgUgQﬂﬁNﬁﬁN’Sﬁﬁm“ﬁ
(muaﬂiﬁmmzﬂgiﬂﬁ) (Hildebrandt tlagaale, 2009; Park Lag Oh, 2010)
4 Y a . Y

ulsdiudr-nuanladiaaly GH  family  35uaz 42 @1wisanulalu
bifidobacterium azuuaiiizonanani lifianuduiuifuiegerdeiinordesiunanTaa
(Holmes siazaAMe, 1997, Coombs taig Brenchly, 1999, 2001; Sheridan (48 Brenchley, 2000;
Hidaka t1azAME, 2002; Kang HagAME, 2005; Hu tazame, 2007) ou lydiud-nuan ladiaa
1y GHF 35 910 Xanthomonas campestris ¥91) B-1-3-linked galactose wnnan lad (Yang
wazaae, 2004) dreu lafiudr-nuan Indiaaly GHF 42 910 Bifidobacterium adolescentis

¥01 B-1-4-linked galactose L‘]cjuﬁ”liﬁﬂg]}ulﬂﬂﬂ’j”l (Hinz 1agnaly, 2004)
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d a
4. nalnveweu lasiiudr-muanladina
v Aaan 1 4 9 a aaa
nalnmasalgaseimsdesan lagvoaou laiidr-nuan Ingeed uazlfnien
[ Y
ns1unuvan la laady InsAnyiegrauinlunaissuirmiue Yuneulunisdesaaty
[ an U 4 a
Wusziud (1-4) lnalaganszriranwan laduazng laavoweu ladiudr-nwan Iagaad 3
3 & 3 I 3 o o Aa Aaaa [ a 1
Junou Favuaougahoduduaoulumsimuadamanalfise1eginansdesrio
Y
a a o & v o a Aaaa 1
nanINTsuNT eI (Wallenfels 11ag Malhotra, 1961) d1iniludisvaziialfnieinisdon
1 a 19y 3’ I v a Aaaa
Tasmstaaildosnian lnadasz uannhmaiudisuszing Gos Tasasemsiunian-
T Tsadu
lactose + enzyme ———— lactose-enzyme complex (1)
lactose-enzyme complex ————p  galactosyl-enzyme + glucose 2)
galactosyl-enzyme + acceptor ————— galactosyl-acceptor + enzyme  (3)

EX Y dy o Yy a Y . . 4 Y
ATIMAITUIVINDUNUTU T]Wiﬁg’lﬁJiL’Jmﬂi$G]u (active  site) ﬂlmmu”lmmmn-

q

e

=S A =S =) ] =

nuaalagmalinsaozi TuFmmdunazdanau FIFandulivg  sulphydryl il
! oA 1 . o {3 . . 4 o 1
Talsayou audan@auiing imidazole group MnvTU nucleophile site (Wasi1 1A WUsE
v
an [} 1 1Y ' L
Tnalagangndes Tusznietuaounsgesian lagalgou law (Mahoney 1998, Zhou 11az
[ d' = aaa d' a dy A aaa 9
Chen  2001) aquaadlunini 4 8nlgnserninavyy A UJn381015818 galactosyl
. aaa dy 4 9 a 9
(transgalactosyl reaction) GlmJQﬂisnuLau"l,clmmm-muaﬂimmmmwm galactosyl 910
intermediate 11/§af250N] hydroxyl group (MW 5)
Aaaa ™ @ { J
Mahoney (1998) latauena lninserTaoia q i dawaaslunini 6 wou'ladag
[ ! [ 3’ a o o
dreomuanlaald nucleophile acceptors il hydroxyl group fMdelinuih naadaanla
A 'y 9 Y v g} A Aa o 4 I g} 1 A
Ao muaalaa uamdie Tl IdnumhaaTuagapendaasusisziluiihaialuanag naziile
@ g’ 1 Aa o 4 3 I 1 3 4 I
el Ivnuiaaluanag waadusieziiuluanaaw Husdieiihlifos q nazazamiu
a S A 1 £ o 1< ua/’ 9 J 9 a
Toalnuwan lsaniSenin Gos dwvenavuniuaisasduveven ladiudr-nuan lngiag
[ [ 9 o 1 a 1 a A Yy 9
HazQNEpead1Nt 9 Tagina q lmsdosazinaunniiMswan GOS oI InANUITNTUYD
Y ' 4 9 '
Wgan mswaa Gos aunsamudu’la Tasmsaadsuaniuag/miomsmunnududy
4 9 v
YoIA1IAIAU (A251) 19 g9UU (Monsan tazamz, 1989) WiomsUsunlasunnsaozilu
J o W a o 4 aaa @
youeu ol (Mozaffar Hagaaz, 1989) Miuuaznaafuxiveslfnsemsuninan Ialaadu
4 a @ { o [ 1
vouou laiudr-muanladiaauaaifanini 7 d1150a1519% 3 szuaaslaseairaves

ToaTnusam lsaursxiia
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~ aaa 9 J Y 2 .
2 5 na'lnlnsermsdne galactosyl Tastou laiiudr-nuan Tadiaa (Richmond HazAn,

1981)
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ROH

T T

N
E+Lac P — E-Gal-Glc T’ E-Gal
Glc

Gal H0

A [ Aaan ] 4 9 a A
ANN 6 ﬂﬁl’lﬂﬂTiLin]Qﬂifﬂfﬂiﬂf’)ﬂl!ﬁﬂi@’d“Uf’N!f’JuHl"”]f?J!U@]”I-ﬂ”ILLﬁﬂIG]“D’Lﬂﬁ Tﬂﬂ‘ﬂ E:
4
L@uhl%’ll; Lac: Llaﬂiﬁlﬁ; Gal: ml!ﬁﬂi@m’; Gal: carbonium transition state; Glc: ﬂgiﬂﬁ; ROH:

acceptor sugar; Gal-OR: galactosyl sugar (galactooligosaccharide) (Mahoney, 1998)

(Substrate)
Lactose

B-galactosidase

(Donor) '+ (Acceptor)— (Product)
Gal-E H,O Gal, Glc
Gal Gal-Gal
Gle Gal-Gle
Gal-Glc Gal-Gal-Glc
Gal-Gal-Glc Gal-(Gal),-Glc

{ v o a o J aaa @ 4 a
ﬂﬂ/\lﬁ 7 G]'J‘i‘lJLlﬁZWa@]ﬂﬂ‘lcﬂ"Uﬁ)\‘iﬂg‘]ﬂiﬂ']ﬂ‘i'luﬂ']!LﬁﬂI@]llG]f!ﬁ‘]fu ﬂjﬂﬂlﬂuulc]fhlﬂi?]j'l-ﬂnlﬁﬂiﬁcﬁ-

19e (Matsumoto LLa¥AY, 1993)

Gal-(Gal),-Glc

Gal-(Gal),-Glc

Gal-(Gal),-Glc

Gal-(Gal),-Glc
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A Y A a d? 1 1 9 t4 9
AT NN 3 Iﬂ'ﬁ\‘]ﬁi%ﬁlﬂ\‘] GOS ﬂ!ﬂﬂﬂluil‘ligﬂ'}WﬂﬂWﬁﬂ@ﬂlmﬂIﬁﬁﬂ?ﬂ!ﬁuulcl)'lll‘UﬂFﬂHLaﬂI@I-

Fiad (Mahoney, 1998)

Disaccharides;
B-D-Gal (I—> 6)-D-Glc allolactose
B-D-Gal (1—»6)-D-Gal galactobiose

B-D-Gal (1— 3)-D-Glc
B-D-Gal (1—2)-D-Glc

B-D-Gal (1—»3)-D-Gal

Trisaccharides;

B-D-Gal (1= 6)-B-D-Gal(1—» 6)-D-Glc 6' digalactosyl-glucose
B-D-Gal (1—» 6)-B-D-Gal(1—>4)-D-Glc 6' galactosyl-lactose
B-D-Gal (1= 6)-B-D-Gal(1—» 6)-D-Gal 6' galactotriose
B-D-Gal (1— 3)-B-D-Gal(1—>4)-D-Glc 3' galactosyl-lactose
B-D-Gal (1—>4)-B-D-Gal(1—»4)-D-Glc 4' galactosyl-lactose
Tetrasaccharides;

B-D-Gal (1= 6)-B-D-Gal(1—» 6)-B-D-Gal(1—4)-D-Glc 6' digalactosyl-lactose

B-D-Gal (1= 6)-B-D-Gal(1—»3)-p-D-Gal(1—>4)-D-Glc
B-D-Gal (1—»3)-B-D-Gal(1— 6)-p-D-Gal(1—>4)-D-Glc
Pentasaccharide;

B-D-Gal(1—»6)-B-D-Gal(1—» 6)-B-D-Gal(1— 6)-p-D-Gal(1—>4)-D-Glc 6' trigalactosyl-lactose

Tagh Gal: nuanlaa; Gle: ng lnd

Aa Y 4 Y a A A a 1 ~ =
NTNAE GOS ﬂ'Jfllf]uhlclfill,ﬂﬁ%flnlaﬂjﬁcﬁmﬁﬁ]'lﬂl!ﬂﬂﬂlifl"]fuﬂ@ﬂ\?c] CGRERNIEYRY

1 3 1 v o = a 4 Y Ao 1 ]
anuihaulatuediann magnilvgiiung luTeanduazansldanumnuniaeglungw

9
=

a 4 1 o [
yoslod Inuyan lsdiduniiunuimediannlugagmnssuemisuaziiiaia sz hilded
[ Q' a a =1 o’d'd o a
nareszns 1wy ansamulTuiavesgaunionidse Tesulussuumuaueivis
bifidobacteria (18¢ lactobacilli (Teitelbaum 1Y Walker, 2002) 4 bifidobacteria %zﬂizéju
a9 (% a A a A W 09/’ a dy U a =
sruuQuANAY HAanIaTuT fudinisnsyveurenalsa aalsuianenTwlisuay
= v 1 dy [ [ Y as .
AavIAneI0a luaen uazdirIeWuy normal flora HAI9INNTTNYIAIBE1URFIUL (Gibson

18z Roberfroid, 1995) a1 lactobacilli dzr8dpsaatsuanlaaluauniormsuiuanlne



EA E4
uaglinadudan151935y salmonellae (Manning 1182 Gibson, 2004) UeNIINLGIAUANTAATY

9

Hoaduiluy mwsalFlddudiheidulsamwmnu Hussildwdsnudmyaningay

1%

dmsudndesmaniuguiimiin (Oku nazamz, 1984)

U
Y

~ a 4 9 a ~ 9 ==\ a 1 o
AT NN 4 N1THAH GOS i]'lﬂ!’E)uUlG]ﬁJL‘UG]1-ﬂ'lllﬁﬂIﬁ“]ﬂ,ﬂﬁ‘ﬂUlﬂ%'lﬂl!ﬂﬂﬂlifl“b’u@ﬁ']\?‘] (@mrﬂm

11910 Torres UaEAME, 2010)

uuaiise siiatou lan TPC | pH L, Y
S. rectivirgula [-gal, purified 70 7.0 60 44
Bif. adolescentis crude 55 7.5 30 43
Bif. angulatum crude 55 7.5 5-30 44
[-gal, mutated 37 6.0 10-40 44
crude 55 7.5 30 38
cells, resting cells 39 6.8 50 20

Bif: bifidum
cells, toluene-treated, resting cells 40 6.2-6.8 45-50 44

whey,
cells, toluene-treated, resting cells 40 5.0-5.5 38
45-50

B-gall, cloned” 30 6.5 36 49
[-gall, cloned 30-60 7.5 20-30 68
Bif. infantis [3-gallll, cloned 37 7.5 20 10
crude 55 7.5 30 48
cells, in culture 60 7.5 milk, 35 43
Bif. longum crude 45 6.8 5-50 35
Bif. pseudolongum | crude 55 7.5 30 27
Thermus sp. B-Glu, cloned 70 7.0 7.5-30 40
T. caldophilus B-Glu (BglA), cloned 70-80 6.0 30-50 77
T. maritima B-gal (LacZ), cloned 80 6.0 20-50 19

Tagh L, Ao AnududunanTaaisuau (%, wiv); Y o wanan GOS gaga (%) (ANududu
GOS/ L, X 100( 1%)); dugnlaauuazildudaseonlu £ coti sniAu * Taawdhlu Pichia

pastoris



~ [ Aa 4 Y a A Y A A a 1
A1 1N 4 (919) NINASN GOS ‘ﬂWﬂL@uulcl)'lJL’U@]1-ﬂ1llaﬂiﬂcﬁlﬂﬁﬂqﬂ%']ﬂllﬂﬂcﬂLiﬂ%u@@n\‘]ﬂ

(ﬁﬂllﬂﬁ\‘iﬂW%?ﬂ Torres tlagAUE, 2010)
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uuAfis witarou lai T°C | pH L, Y
B-gal (1), purified 40 6.0 4.6 6.0
B. circulans [-gal (11), purified 40 6.0 4.6 41
crude 40-55 6.0 6.5-36 43
Bacillus sp. crude 50-55 5.0 33-36 43
[-gal (BgaB) 37 6.5 17 2.4
G. stearothermophilus
[-gal (BgaB), mutated 37 6.5 17 30
C. saccharolyticus B-Glu (Bgla), cloned 65-80 6.3 10-72 63
L. acidophilus B-Gal (LacL+LacM), cloned 30 6.5 21 39
B-Gal (LacL+LacM), cloned 23 6.0 21 26
L. reuteri B-Gal (LacL+LacM),
30-37 | 6.0-6.5 4.6-21 38
purified
S. thermophilus -Gal (LacZ), purified 37 - milk, 5.3 25
Enterobacter
B-Gal (LacZ), cloned 50 7.5 5-13 38
agglomeran
B-Gal (Bga/LacZ), cloned 50 6.5 28 49
E. cloacae
cells, resting 50 6.5 28 55
E. coli B-Gal (LacZ), purified 30-37 | 6.5-7.2 2.2-24 56

Tagf L, io anududuuanTadisudu (%, wiv); Y fio vanan GOS gaga (%) (A1ududu

GOS/ L,X100(+ 1%)); Bugnlaauuaziliuaaseonlu £ coii andu " Tnawdhlu Pichia

pastoris
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5. oulasinugamgligs
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AUNT ET Uu‘lﬁﬂlﬂ Lﬂullﬁa\‘lﬂl@ﬁl@u]l“ﬁﬂl,w5"l '3"Iﬁ"|3J”I§ﬂLW3J’1ﬂU’JH@Eﬂ\‘ﬁ'lﬂﬁ')

wazmsdanszias i luanasunsonssduliedaeldanzinuguld Tuseniedud

a
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‘vmmmgaumwauaiummm"lmummmﬂmﬂuamwm ﬂﬁﬂﬂ‘kﬂﬂ?ﬂ%’)’)‘ﬂmjmaf}ﬁ

q U QU

a N4 a o

= = YA o A A A 9 [
LLazﬁmmmanaumwﬂuqmwgquﬂmmswmmmimuwNmﬂTuTaammWﬁuaiwu
d? & o @ l o Y Y Y Y A v A A a
VYU “]Nllﬂ’J"IiJﬁWﬂiyi’)EJNﬂJ”lﬂLLaS‘VIﬂ"ﬂﬂlﬂ’ﬂﬂ"luiﬂiﬂﬁi"lﬂlﬂﬂ’lﬂﬁ%’n‘ﬂEJHL’Ggﬂi%']J’JLlﬂ"ISWﬁ@]
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UINIU

v
=

‘ﬂi]i] umu"lmwuamwﬂmmﬁﬁuﬂum 2INITVNNIAYATINNTTY (Bruins 48

E1)

Q

Yy A

Ay, 2003) L‘L!@x‘]i]”lﬂﬂ’l”lllﬁ'1ll1ifl11!°ﬁﬁ”lﬂﬂ mumwﬁaﬂmau"lwwﬁmaﬂwu’qquuﬂm

4

% y a 1 v o [
NA14 (mesozyme) IMINUUALIADYINYUNYIUFI NUADATIAY dI91aza1s taznlly

U
E4
[

1 Yy 1 dy d‘ a K d' aA 1
ﬂiﬂﬂNhlﬂﬂﬂ’N UINIMNUNITSVIUNTININAVUNY UV N q\‘i \1 @@ﬂﬂﬂa1ﬁlﬂ‘i$ﬂ1i YU NI
1 a o { [ J
EJ'E]EJLLﬁﬂI@IﬁLm%NﬁGI GOS ﬁ'nJWiﬂ‘l/l'lvlg]}ﬁQﬂl‘l’igll’LZNL‘VHﬂ‘]J"UU'JHﬂTiWWﬁL%’EJHI,iG]fuiJ

a @

aan 9 = d' "9 d' 1 1 =
aﬂﬂgﬂimmwmaw”lmmmi‘wqmwnnm AIDYNLBU ﬁﬂﬂﬁ@]ﬂﬁ%ﬂﬂuiﬂiﬁu‘ﬂﬂ\iuh N7

U £

a

a Aaan a 4 { Y] [l g
Lﬂﬂ‘]JJ;]ﬂ'3'EﬂllﬁaTiﬂﬁ%{’é)ﬂTiLﬂaﬂuiﬁ%Wﬁﬂl@ﬁuN‘HﬁﬂWWnﬂ1i‘§»ﬂ!‘d]5f] (Stutzenberger, 1990)
W g &y A A A o o
WHATNITAEANYUBDITITAIA U aﬂmmmﬂwamiﬂugﬂaummﬁaumﬂau aANNIIYVYI
Aaan 4 a o d
ﬂgﬂimgﬁmmﬂwaﬁﬂmm (Zeikus HlazAME, 1998; Kristjansson, 1989; Stutzenberg, 1990;
< Y o a ) [ I’q Y
Petzelbauer LLIASAUY, 1999) i]$L‘Wuhl@’Nl,f]uU],“])'il‘ﬂuQﬂ!ﬁ@jh’éj\?Lﬁh1$ﬁﬂﬁWﬁ§Uﬂﬁ$§}ﬂﬁ1%ﬁlu
Y P = ~ a Iq 9 A 9Y A
Q@’lfﬂﬁﬂiill LLll’ﬂL’E]ule]ﬂJ‘l/]L’L’fﬂEJ'D"I/]Qﬂ!‘l"iQllf,:f.\‘i’ﬁTiJTiﬂ“]JigQﬂﬁcl‘lfclu@.ﬁﬁ1ﬂﬂi‘ihfﬂ$u"ll®ﬂ
Y A A o P A < ~ gAY A '
Wa"IEJGIJ’EJUJ’E]WIEJ‘]Jﬂﬂlﬂu]l“]fﬂﬂuqmﬁ{]llﬂ"luﬂﬂ"lﬂﬂgnu (M990 5) UANUUBDLTYIVIND YN
= v % d'
mmuﬂumuﬁﬂﬂu AT NN 6

a

1 1 o @ a J a ! a
d v Taena lldnnugaunidreuguurgigaluusnuniiguvgiiqe imu
4

You veriFeou ifudu 1&Hmsanyey lsiiud-muan Tndinasniereunungige 5
Sulfolobus solftaricus (Reuter LAEAME, 1999; Petzelbauer LagAMe, 1999) Rhizomucor sp.
(Shaikh tiagne, 1999) Streptococcus thermophilus 11F (Linko Uagne, 1998) Talaromyces
thermophilus CBS 236.58 (Nakkharat {te¢ Haltrich, 2006) Thermoanaerobium sp. 2905 (Ulezlo
uagaAMe, 2001) Thermotoga maritime (Kim UagAMe, 2004) Caldareilla acidophila (Pulvin U
AL, 1990) Pyrococcus feriosus (Splechtna UagAME, 2002) Sterigmatomyces elviae CBS8119
(Onishi & Tanaka, 1995) Cryptococcus laurentili OKN-4 (Ohtsuka LUaaale, 1990) Fusarium

moniliforme (Macris & Markakis, 1981) Thermomyces lanuginosus (Fisher LlagAME, 1995)



A Y A P o ~ ~ a
A1TNNN 5 ﬂl@ﬂﬂl@\ilﬂuvlmmﬂﬂ%‘]TL!Lm%tﬁﬂﬁliﬂqmﬁ@lwQQ1Uﬂi$U3uﬂ1iQﬁﬁ1ﬁﬂi‘iiJ

(Kristjanson, 1989)
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PUNYUMINZAUABNTNIIY

=N d Y d' o' .
uﬂ%ﬂiimmmu‘lwu@wqmwﬂ #1, shelf life

anuadesna il

v
A

nuAeMITUTENINan1zuLse, lananangs

m3s laaudwinu £ coli

o Aa = Ll = uszl Y
ﬂ']ﬁTI"I‘Ui'L"ITI‘ﬁLﬂull“]ﬁJQ"IEJ Tﬂﬂmmmumﬂw
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AUIDUIINUANIY

o3 1IMIIAAlnTeNALl
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MNANNEINSa luMsazae
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3 &£
13739U

MINUAD denaturing rates

7~ o

NUADAINAZAIDUNTY NDBAIATA

K1)

dy a A
mMsduileuyesquaund

4

i
Hearunmaniavousens lsaninuauagaiu

) a d a
Tngvesgaunidyevgarigiiuna

a

A 9 = P o =~ A a
ATTNN 6 "U’E)Lﬁ&l"ll’t]\iL’E]“Llu],“]iﬂJi/]i/]%ﬂulm%Lﬁﬂﬂiﬂqm‘ﬁﬂnﬁﬂiuﬂi$ﬂ’3uﬂﬁNaGWIN

9AT11NTTU (Kristjanson, 1989)
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Yy A a
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ANUIADYTAD QU YUGA

a131al IngAuIag cofactor U19AA 1A UTUATIE

¥ v
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PUNYUMINZAUABNITNIY

a a

veiguugigunuly dmsumsih 1145
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NFLVIUNMSHAADINTZIAN

ANNEIslumsazaie

o 9 [ ]
m’iasmfﬂﬂﬂmll‘ﬂaﬂm AINITUNY YU
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Thermostability Material stress

I = A dgl
qﬂﬂsmummmiamwmu




19

Thermomyces lanuginosus-SSBP (Lin UasAME, 1999) Thermus sp. T2 (Ulrich tagame, 1972;
Ladero iasaMe, 2002) Thermus aquaticus YT-1 (Berger UagaMe, 1997) Thermus sp. A4
(Ohtsu BazAME, 1998) Thermus thermophilus (Maciumnska UAEAME, 1998) Thermus sp. Z-1
(Akiyama UiagANE, 2001) Thermus sp. IB-21 (Kang LtazAme, 2005) wenINTganudely
nguuuafiGonandnnasanaaudi-nuanladiaanugurgigelddrouniu de
Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842 (Vasiljevic 1ag Jelen, 2001) Lo

Streptococcus thermophilus (Greenberg (182 Mahoney, 1982)

o A S [ v J £y a
6. MsMmusgnsuazpuanvazaninveseulmiiudm-nuanlndaa

o @ A o v & Ay v &
Paytiueulsinugungigehduiuindesnisveosningadimnssy aaiuluy

= 4 o ¢ Y a =2 o & Y = a4 o o dd 9 o
msanyuneten lsdiudr-nuan Ingaa 3eduiludesdnyuieadvilateninerdosnunis

o o wa 1 7 A 7 o | 7
Ruezauanyuzautiaaneg voseou lad meise Tewilumsiveu lad i segnd 1414

naszansnmgaga

ada

@ va E4 a a
%WﬂﬂTﬁﬁﬂy1ﬂmﬁﬂ‘Hﬂ‘!gﬁiJ‘UG]EU’FJQL’E]uhl“]fi]lUﬁ?-ﬂﬂlﬁﬂiﬁ“ﬁlﬂﬁiuﬂauﬂiﬂﬂ

a a

o A A ) 1 4
miﬁmmmwmmqﬂ%%uqmwﬂumq (Extreme Thermophile)  Wu731 1oy liia1n

9 U U L] U

a

y 1<l ~ ) =
Thermus aquaticus NANWADIINYURYNUFIazITY sulfhydryl enzyme NUANVUITINT 78

U U

4
a a

11 (fold) HAIMINFIUNTZUIUMIMUTANT guungiiuaz ieyNmiuzay Av 80 o uwaIFoa
o o 4 S
uaz 5.0 awday o lsignnszdualrouusmila looou (Mg™) uazilessalovon (Fe ™) i
1 [ Y -3 s A 9 . . [~ QsJ‘
A1 K 1M101 2.0 x 10° Tua13 1019 oNPG (2-Nitrophenyl-B-D-Galactopyranoside) 11 1a1384
v HAq v < o Y oA 1w 3 P Vv o @
au Tuvaenlyvan laaua1s@a@uiminy 7.5 x 107 Tua1s AINaIIUADNNTUAVDY
AT (M5 uMIdosaals oNPG) 1M1 13.7 Nlaunaoide lua taziuda luanaminy
5.7x 10’ a9adu (Ulrich ltagae, 1972)
= = = A 4 Y a
nsAnpdednyazauiaveseu lasiiudr-nuan lagiaan Aspergillus oryzae
1 d 1w a LY U ) [
(Tanaka tazAaiz, 1991) WU wIa Tanavewou laiminy 105 Alanvadu A1 K d11iy

a =

M3800 oNPG 11110 7.2 X 10” Tua1s quuugiiuaziitorimuizay Ao 35-50 esusaidod

Y

o w @ 1 4

1AL 657 @udey uenantdanyusr  Usenleou (He') aedieslesou (Cu’)
Y
a [ [T 4 a

N-bromosuccinimide ttag T#Rey an3a Famladudananssuveseu lyiiud-nuanlagiae

4 Y a aa

o laiiwdr-nuan ladaane1un Bacillus circulans inanssunsiulnalala-

a 1 4 Y T @
an (transglycolytic activity) 7@ tou lassitilsznoudie 3 loTeesu ATula Tuanamiiy 212

nlaseaau (lelwvesu 1) 145 nlaaeaau (lolsvesy 2) uaz 86 nlanvady (lolswesy 3)
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o w [ { [ a a 4 o
Mua1aY uaziia K, vadlelalesui 1, 2 ag3 1101 3.6 5.0 tag 3.3 4ad lua1s awday
A Y | an/ 9 A o @ 1 [ %
11019 oNPG Hues @iy yaugna K, d1Miumsdosaalsnan lag 19101 3.7 2.94 tag 2.71
iaa Twans mud1du (Vetere 1ag Paoletti, 1998)
Maciufska tazamg (1998) lagnyufernumsaanenuazauaniauelszns

a

4 a
ou liiudr-nan TagaaanuuniiGosoUquu)l g Thermus  thermophilus W1

u

ZD

1

SBaq

1
A p P 2 2 sl & s g
nanssuvevon leimeluaadgegauazmuiulszua 33 neosidudauay 61 woesimu
o s M a ~ A a A s I o
WAIDIAINIZIABS 40 ¥ 139 N 70 saAuyalFed Watauan lnavsonuan laa 2 11)o35ua
dy Ay J o Y a = v . . . 4
asluenis@eudo oulsigni 1iuTgniu1edIu (partial purification) TagANAzNOUAIY
=1 @ = o a v Y A o < A
wou Tulsudamle laes la¥a vaziusailuassudle Sephadex G-200 w3oRUBULDVIEDN
< Y ' Qsj 0 a = . a 4
134 (Iyophilization) #a49 NMIMTUABUMITRILTANT Ha 1A (yield) gegavesnonssuon la
9 v 9
Uszana 72% veamnarualumsana JANTIUI NI (specific activity) IANTUNIAA 2
[ [ 4 [ z a {
mesnsanaznoudeuon ndoudanla ou lsdverugniudnnisugegaiiies 6.6
ez 87 DIANBAITHE a1 decimal reduction times UANINTTUN 75, 80, 85, 90 LAL 95
DIFYALTIE 1NN 174, 50, 22, 5.5 118 0.9 ¥ U9 AIUEIAD
4 a A [ [}
ou Talmdn-nan TaBiaan Ui gann Thermus sp. A4 dauon 1avinie
vy
o R = 3 A \
WnSou Atagawa (Shizuoka, Japan) Hanmmeidunelumin (monomeric) taguialuana
a Y] o A a a a ]
sz 75 nlaseadu Uszuianinnisnioan Ins IWsFavuy Txaeu Iaagagama-

'
a =

a a 4 4 {
Tndozn3a1luAva (SDS-polyacrylamide gel , SDS-PAGE) tou lasliadesnguvgiiqes) ¥4
a &Y 1A @ oA ) U 9 o
nonssuveseu laddnunuaunasnntiui 70 esruesaFod w20 2119 A1 K, §115Y

E4
(Y a A 4 o w o
oNPG azuan laaiiny 5.9 uay 19 4ad a3 aud1vy uenani Ohtsu uazany §1ld
a do @ G 1 a @ 1 o
TnauuazInsizidmuavesdu Taonua insaezii v 645 Turana uazduauoinou el
Y

] L~ a ]
ﬁ"lngﬂ%mﬂuﬁnwﬂwmm glycosyl hydrolase family 42 ¥®3 (Ohtsu LlagAME, 1998)

4 ) 1 a M) 4
uleiiud-nuan InFadasonuAsgUNYNFIAZHAIDNIINBUDNITAT

dal . o Y a Q‘f 9 1Y o =\
VDI Rhizomucor sp. g0 1nusans lagleaeduiilnsu1lansiil DEAE cellulose 1y

wanuATFuAI8 Sephacryl $-300 Hwaaluanaminy 250,000 Avadu Felsznoudals 2

v
= 2

1 1 { o I 1<
M128808 (subunits) NUNIATIaNa 120,000 avaau 1Wullsaunigauauiailunga (acidic
' "o < o d A g
protein) A28A1 pl iy 4.2 Wulnalalsdunihihaaytiaiunais (meutral sugar) 8
J I J A a T W = o w 4 = A
wosidud Nitewaz gungivangnng 4.5 1ag 60 serusaifod awd ey ou lsiatosn
= o = 1o A A ~ £ 3
60 DIFIEAIFEE 4 F2 119 Azl 7, (MY 150 WIA 1 70 earusaiien Failusisnugaga

4 9 a dy =2 o d 0911 Y
11!Li’)Ll]l"lfll!,‘]J@1-ﬂ1llﬁﬂ1@]%tﬂﬁiﬂm%@i1 %Wﬂﬂﬁﬁﬂy"lﬂ’ﬂllﬁ]"lLW”I%sll’le’fJull"]ﬁJ@ﬂﬁﬁ@\mu



21

1 Jo ! . . . .
nu3ueu lyisumizae B-linked galactose residues Tag p-nitrophenyl-B-D-galactopyranoside
b4 1
(pPNPG) 323 191£31ANNITAIAUDUA AN K, tay vV, §1MSumMsges pNPG uag oNPG

1w Aa A o Aa A 1 1 A A o o w {
NN 0.66 1AL 1.32 Haa luais 22.4 1ag 4.45 Uaa luanou1nNaoNaaniy MuaIny luuasn
Y

A 9 [ a A 4 Aa A ] A1l A A W 4 [ Y
Lil’f)i“lﬂlﬁﬂi@]ﬁ NNY 50.0 Nﬂﬂill’ﬁﬁ uag 12 naaimmummmaﬂm mu”lcmgﬂﬂmm

A1e muanlaauas isopropyl thiogalactopyranoside (IPTG) AeA K AU 2.6 LAz 12.0

v o 4

faalums amddy Amdanunesuiudvedasouile1d pNPG ag oNPG iy 27.04
1ag 9.04 N lauAaes MUAIAY uaﬂmﬂﬁyﬁd“lé’fﬁﬂms«gmé’ﬂymzﬁuﬁﬁmam?nmﬂszé’g’u WUN
n31Tavhuuaz ladulinnudrasdeninssumaisalfnsorvesoulel (Shaikh tavame,
1999)

Girishchandra ttazamy (2004) 1danyueu lsmiudr-nmuanlaBiaa1n Bacteroides
4

d' 1 o a a9 aa = o .
polypragmatus INOHIUN1TRIVTgNTA203T Iasuilans i Wuuudunwie (Affinity

A g A ~

1 o a v
chromatography) Wu1 o leifinnuuTans 172 1 Jgavgiinag ey Ao 45 eeruwaifod

q Y

9

1
091} Y 9 [ ' J o Aa
AU ﬁmsmmwwamﬁmmu"lwiummm%

o w 9y [
waz 6.8 Mua1ay laglys oNPG 1luasda
I 3 Y = (Y A a 4 o W
oNPG tiazuan Iaaiuasdsdu a1 K, (M1 0.43 uag 9.09 4ad lua1s aua Al
{ v & @ ~
Kim iazaniz (2006) 1A Taaudunudasdeiuonlsind-nan Tadwaaios
v Y
NQuuANgVIn S, solfataricuswas a1 liuaaseonlu £ coli MINufANBINISHAA
Y 4 dy 1 ~
vanylaa mnuanladuazialaddrowuladgnruanil 91nn1snaaeanua fitewiaz
gunQuMIzaN dmiumsnaauany) lagniny 6.0 1ag 80 oIrFAIKEE MUAIAY UA
s Y
half-lives Yo910U T3 75, 80, 85, 90 uaz 95 PRI 1NN 91, 48, 35, 2.6 ua 0.72

a =

o o 4 (] { a 4
2 Tua awd ey ou ladiadesednuniigungll 85 essuwaiFod nanssuvoaou laivz
A 4 A a s A a ~ 2+ Y o <
WA iedumessa lessunazanas iladuuuFenlooou (Ba™) Anuuduvesansag
Y sa A sl 7 P-4 a
Auuaziou ladfinnzay Ao uanlaa 40 woesisuduazialad 20 osidua 3.0 gilaao
Aa aa 9 d‘ dy a 9 [y 1A q'./
Haaans meldanzmnziamnsondauany Tad 1ddszum 50 nfudeans lu 6 ¥21ug
Yo NTe Az IMIINUHANER (productivity) 1WA 8.3 NTUABANTAHOT TN
J v
VInMsAnEIMsuignitazdnuzautiaveuudr-nian ladiaanognielu

a 1

4 4 e
HAAVINTOT1FOUQUNYNGY Talaromyces thermophilus CBS 236.58 Wy o laiiiuga
Twanamiidy 50 Alaseadu (Uszunalasmaniuvadanlas INsSauuueaaed) tag
. . . 'V & o 4 Qﬂj J .
isoelectric point 1111 4.5-4.6 10U laxignnszduiiang Inloa 1wy 1vaTaluTee (cellobiose)
J . a 4 9 9
uaznwan Ia lae (galactosides) azuanlad nanssuveueu ladgnnizdualone Tuuas

4 o [
lTarauduanlossudruiuun wrulmdsylossu (Na), TisupaFenlesou (K) uaz
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=~ 2+ o"dy o 3 9 =~ A
uwemiialooou (Mg™)  waziou lasifigndudaiunasdlreng laauaznanlad fiowh
9 o ' Jd ] A

mugdmsumsgesniuan la leaeglugie 5.5-6.0 uazquugliiuizavie 50 oeen-

= dyw 1 aAa .. ~ a 14

alBed UeNINHUEINUNTNINTIUNT MWL (transferase activity) NAWITOHAA GOS 14

72 ¢ A qu a 9 "o v 1A
qagalszna 20 woesiFua WolduaaladuAuminy 38 NTuADAAS (Nakkharat 1Ay
Haltrich, 2006)
4 9 a A a zg 4
ulsiudr-nuanlagiaainandunioluwaasin  dlicyclobacillus
) Y a = 1 og./’ 4

acidocaldarius  subsp. rittmanniiwas Qﬂ‘l/lﬂ“l’i‘]ﬁq"ﬂ‘ﬁ TAgHIUTUADUNMTANAZNOUAIY

wou Tuendaa wameiwdu Ias lulansWuvuranlasuilszy TasTuTanswuuy
o 9 a g ~ @ o 9 J A = ' JAa

Sumzuazganie dranTas T dd wasoni ldeu ladusgninui oulsiiifenssunuy

1 @ a 1 A Aa o =1 a = 1 9 S I d

Wz 113 giaaedaaniuTlsau aAnuusans 163 w1 uazwald 8 wlesidud m K,
) [ 1w a A 4 1 o w o

ez k,, §1%51 oNPG 110D 8.9 Had Iua1s uaz 1074 aouil muday ey ladlanuiaios

v a

ARRUHQNEY NEWIATQUUANNNIIZAWMIAY 6.0 AT 65 BIFFAIFET MNEIAY UIa

Tuanaveueu laiiiiuies way 76 nla asadu Uszmaininmsldeailunsdudie
19399 FPLC (Fast Protein Liquid Chromatography) ttaz miswuvastanlaslnidauuy
loaRign uSIR Y wana uew s ami Uy glycoside hydrolyse family 42 (Gul-
Guven llagAde, 2007)

9

~ =\ =® vAa 4 9 a
UDNITINUY QiJﬂTi‘F’fﬂE']ﬂmﬁllﬂﬁﬂ']ﬂﬂigﬂ’]iﬂ]@\?!@uvlclfll!ﬂﬁ'l-ﬂ']l,laﬂIﬁ“ﬂlﬂﬁ%’lﬂ

2

@ L]

A acg a { o A < ' ¢
Fll HNI ﬂ%@ﬂqmﬂgﬂq@m@%%@ﬁq\i €] BNUIN ﬁjﬂﬂqﬁﬂﬂllﬁﬂﬂiuﬂ'ﬁjﬁ‘ﬂ 7 %muulélj’nl,ﬁ)uvl%u

9
[l a Aadou o K Y

4 4 9 4
mulemuagmﬂslul,cnaamawaumﬂ Fuiusideaanadiiier nou lmioenuildalse Tom
Tao14 1n5earhaneiad (sonicator) mimummammﬂum (french pressure cell press) 130
A151A3) miwmiammau"lqmummmmﬂwmwumu Faudaziuneusniudoaianie

L‘Hiﬂ%iuﬂ1i‘ﬁ1‘ﬂ§ﬁ‘ﬂ§ G]Nﬂmé’ﬂymzffmﬁﬁ"umu,au"lcmnﬂ'nmwmmﬁu muaaﬁmmamaz

¥iiavesgaunid uazdslatinmsdnuiveais mmmﬁg auns E'J'élfauqmwgﬁqqﬁmmmwﬁm
uladindr-nuanlagaa’ld wu mawdaen e luguuna19g (Greenbreg 1oz Mahoney,
1982; Linko ttagame, 1998; Akiyama LiagAtle, 2001; Vasiljevic 8 Jelen, 2001, 2002) N5
Uszgndldhon el luguunveaen lsifsaszuazienluilgnata (Albayrak 182 Yang,
2002; Splechtna iz, 2002; Ladero sagnme, 2004; Kim tazaae, 2006; Synowiecki Hg

Wolosonska, 2006; Haider tte1g Husain; 2009; Neri LagAte, 2009; Singh tagae, 2010)
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3197 7 puavtianadsymsveaen leliudr-nuan Tagiaannyaunidveugumngiiga
FUALLANTY M T QuUuYNAANNIADYT GARGR
w pHopt opt a U
Thermotoga stable at 75 °C
286 5.5 80 a
maritima MSB8 (>90% after 30 min)
L. delbrueckii ssp stable at 55 °C
- 7 45 b
bulgaricus 77 (54.5% after 30 min)
Streptococcus stable at 55 °C
- 7 50 c
thermophilus 95/2 (57.3% after 30 min)
t,,=74hat70°C
d
Thermus sp. IB-21 73 | 5060 | 90 |t,=23hat80°C
t,,=4.7hat90°C
stable at 90 °C (2 h)
Thermus sp. T2 550 6.5 - . e
stable at 80 C (6 h)
Thermoanaerobium
t 4.5-5.0 80 - f
sp. 2905
Thermomyces stable at 50 °C
200 6.0 65 g
lanuginosus-SSBP (30 min)
t,, = 150 min
Rhizomucor sp. 250 4.5 60 . h
at70 C

Tagi Mw fie Tuana (Alanvadu); pH, , Ao Wity munzew; T, , Ao guHQilmuzay (e9m-

L“]fm‘?fflﬁ); a, Katrolia Hagaay (2011); b, Ustok tiazame (2010); ¢, Ustok tazAme(2010); d,

Kang aznale (2005); e, Ladero tagae (2002); f, Ulezlo iaznale (2001); g, Lin Hazame

(1999); h, Shaikh ttazae (1999)
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~ [ wAa o 9 a a =4 a
BTN 7 (919) ﬂﬂlﬁll‘iJ@l‘IJN“lJ'i%fﬂisll’éNLf]uulﬁlﬁJL“]J@n-ﬂ']uﬁﬂiﬂ“]ﬂﬂﬁ%Wﬂﬂﬁu‘ﬂiﬁl%ﬂﬂqmﬁﬁﬂ\l

a9
¥HALUANITY M T AUNNUABANNIADYT 914994
W pHopt opt a U
stable at 75 °C
Sulfolobus (77% after 24 h)
- - 80 i
solfataricus stable at 65 °C
(87% after 24 h)
Sterigmatomyces stable at 80 °C (1 h)
170 4.5-5.0 80 J
elviae CBS8119
stable at 70 °C
Thermus sp. A4 75 6.5 - k
(100% after 20 h)
stable at 75 °C
Thermus (98% after 5 h) 1
- 6.6 87 .
thermophilus stable at 85 'C
(80% after 5 h)
Sterigmatomyces stable at 80 °C (1 h)
170 | 4.5-5.0 80 m
elviae CBS8119
Thermomyces stable at 47 °C (2 h)
75-80 | 6.7-7.2 - . n
lanuginosus t,,=191hat50 C

Tagi Mw fio Twana (Alanoadu); pH, , Ao Y tHinzay; T, A0 gunQitMiNzau (94M-
SHAITFH); i, Reuter lazAML (1999); j, Onishi LtaZTanaka (1995); k, Ohtsu Liagame (1998); 1,
Maciunska Uagfale (1998); m, Onishi Ll Tanaka (1995); n, Fischer liazaalg (1995)

= = ~ [ A = 9 a 9
ImsfAnyuReInuMs Tnauiiana MsndaeonueduuA1-nuan Inadaddig
dy L1 Y dy A Y I 1 a SNY 1 =1 Aa A
%0 E. coli nounint nuaaslimiunamnsonaneu lsi ldedalilseaniamuazaiise
4 Y
wwTanieulnildlasdiiedromsld Ni affinity chromatography (Hesiunou@en lag
a {a I
Juajun tazame (2011) 1@ Inavduwdr-nuanladiaa (acd) NHdnyuzdly homodimer 910
. . . . vy o 9 dgj .
Bacillus licheniformis DSM 13 latn'ldlu pMy201 vagilviuaaseenuniuly £ coii

qa./} J o a = 3 . .
nniueu lmignuaugninldusgnialodunouder Iaeld Ni affinity chromatography 11ag
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a =

[ A 4 1 4 {
Anpinuanvazauiaveweulyl nmsnaasanud eulsignrauiigungiinaziewh
4

HZENAIMTUMTE0INY oNPG Lagian Iad@iiny 50 e9AUsaod Lag 6.5 AINaIAL
A= [l ~ A = =Y = I A

ou lydiades lugatiiey 5-9 71 37 ssmwamed wazey lmitanuadenidunal 1 hieu
1 A A A 1 4 I

Tusgungil 4-42 osrusaifod N% 6.5 A1 K, W93 LacA 1o 1Huan Iaduaz oNPG 1ilu

c?/' Aa A 4 o w 4 Y] 3 1
MIAAU AD169 LAz 13.7 Haa lua1s mud ey uaziou lyivzgniudiediagunsaeng Ind
4 < Aa A .
uaznmuanlad oulaignnszduianiosdls Na' naz K (1-100 fad Tuans) nag Mg™, Mn”'
Aa A o 4 J o ] { a 4
uaz Ca’ (1 Had Twans) oulailiawsmih 1l lFlumsdesuanTaangungiiqeld eswn

a

=] =) ~ = a Y A I 4
ummmaﬂimqmmmqquazmu%mmmmmmGlumiwa@ GOS hlﬂL‘WEN 12 1Wesua

G
]

=

J o ] Yy ¥ A g v 1 a
vourhmanavue woldian Inganududusudu 200 nSudoans
Y= a @ A =
Nguyen LAZANE (2007a) IAANEUAEINUAIT IAAUNILALMTUAAIDONYBIDU
a 1 ¢
WwA-mMuan IaBAan Lactobacillus reuteri 14 E. coli BL21 Star (DE3) Wy tou Iy fins
P4 9
uaaeonun¥ulu E coli BL21 Star (DE3)tazuendinidealimsAnyiguaniaves
4 o a = v . . v
recombinant EL103 [-gal ﬁgﬂmﬂﬁ’mqmé’hﬂﬂaauu Ni Sepharose High Performance W31
' 4 1
A v, WA ua K, aaas dmsumsdosian lad iWonfSeufieuny native L103 B-gal
AN BTNV AUADNITRINUUOS | recombinant EL103 B-gal 110U 7.0 15 unsdes
oNPG Tuvaiziiies 8.0 AM5UNTg0sIan lae 1agyIgUUNNMIIZaNAoMINITHUDY
. ' . A g9 < o v
recombinant EL103 B-gal 4071 native L103 B-gal tia 1duan Tnailuaisdedu
MANANEINT Inauils nsuaaseen uazaudnyuzauiaveson lyidon
[ 4
wan Iae (lactose-hydrolases) NNUANUTOUNITINYHA 910 Thermus sp. 1B-21 Tagnslaau
4 a a L4 a
Buveuou lsiiwdr-lnalagiaa 2 ¥ia (he/A and be/B) vaziou lsiiudr-nuanlagaadn
Wi19¥1iA 910 genomic library Y04 Thermus sp. IB-21 WU bglA bglB 1A bgaA Ysznoualy
a 14 a a
Hnale’lng 1311 bp (436 n3mezdTu) 1296 bp (431n3ABLHIU) AL 1938 bp (645 N3A
pzdiTu) awnsoiendaluana laminy 49,066 48,679 uaz 72,714 Aoadu ANAIAL
4 A 0 9 . Y
ey laimariignih lduaaseanuinlu £ coli BL21(DE3) Tagn1s 195211 pET21b(+) vector
4 o Aa =
uladgnuangni liusgns lnensanaznoudiennuion (70 esausaiFea uu 40
A v P Y o+ . ¢
W) A IWAIeN5 195 Ni* -affinity chromatography Haz@131301MINIa luanavodou lal
d' o Y a Qd o o a S A = d!
ngaminusgniannmsiszunaannmsiinisiueasaalas IWSFauuueaaed ¥4
v @ T Ao 4 s ) Y Aa Q‘{:j A A A T o
aeandesnumnitngla eulasingnildusgninauaiiie sz duminy 5.0-6.0
luneaseiudiy sduuvvesguugiMnuizdunazanmatosaonuiouvpILAaL

4 1 [ 4 9 a a a L] Y
L@u“lwzmﬂmmu Lﬂull"]ﬁJL‘]Jﬁ"l-llﬂﬁIﬂ“]ﬂﬂﬁ‘]fuﬂ BglB Lm’ﬂx‘lﬂﬁ]ﬂiiuﬂﬁﬂﬂﬂuaﬂiﬁﬁﬂ,ﬂﬂ
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9

{ < v a [ 3 Qsll o
ﬁqmnmﬂu"lcmm 3 ¥UA Iﬂﬂﬂﬁ?ﬁﬂ1ﬂﬂ13ﬂ'ﬂﬁl\iEIJfNﬁ']iﬂQé]ju%uﬂﬁ$ﬂ\1ﬂ31ulsﬁju“ﬁ}um@ﬁ

a =

a A ¢ A 1 Aa o
wanlaade 200 Hadluars Ngungil 70 o usaFod uazfitoy 7.0 LAZAININTTUTUNIY

U

a

(yiinnoiinaniuTsAu) ¥09 BglA BglB 1Az BgaA Aouanlad 138 aa luans fgaumngil 70

U

DIAUFAUTO LAWY 7.0 19110V 36.8 160.3 1A% 8.5 ANA1AY (Kang LazANg, 2005)

Y = A A Jd Aa & A A
Ulﬂllﬂﬁﬁﬂ‘hmmﬂ‘lﬂ!‘iilmﬂllﬂuﬁﬁﬂ@]ﬂ Pseudoalteromonas sp. 22b G]S\?L‘l]ull,ﬂﬂﬂlﬁﬁl

J

v [l 4
UATUAUNAALENIIN alimentary tract Y04 Thyssanoessa macrura FWUANSoHNNTTUATIZH

4 a { o { . 4
o laiiudr-nan Tagiaanauisaiian laTundu (cold-adapted  p-galactosidase) AU

S o A

A o 4 Y a Q' a Y a ==} 4
neluxaa ﬂuﬂﬂ1ﬁuﬂl@ul’l°ﬁum@ﬂ-ﬂ1lm‘ﬂI@“BLﬂﬁQﬂLWN‘ﬂSﬂJ"Imﬂ’JEJWIﬂuﬂTINW"M’Ni
09/1 o [ va Jd a = 1
viniu Tnaunagi liuaaseonlu £ coli ndrdnwianyuzautidvoveu lsiusgns wuh
L= Y 3 . ' J Y a 13

mu"lmmaﬂymzmu homotetrameric tazunazuedewesUsenoualonsazl Ius1uIu
a va = . . ~ A @ L4

1028 nsAazi Iy ﬂmﬁmﬂﬁﬂ]@ﬂiﬂiﬁu@lﬂﬂﬁﬂ (recombinant protein) ummmmuﬂmau"lw

a a I a '

wa-nuanladaagis35uAUeN Pseudoalieromonas sp. 22b tou laiifinanssuiaseg 20

J < J a A a = A a Y o
Lﬂ@i!%u@]m@ﬂﬂﬁ]ﬂiiugﬂfiﬂ NYUW YN 10 DIAUFALHYT LLﬁSllﬂﬁ]ﬂii?Jq\ifIﬂ(lﬂaﬂ‘]J 40

v
=

9
paruaIFed naziiey 6.0-8.0 nanssuveweu ladgaydenaiuanielu 10 uil Ngungd

~ o 1 g’ YR A Y @ = =
50 DI ALTY T uazmmmmaammﬂiﬂaiuumu"l@m 90% Lll’é]%ﬂ’)ﬁ? 6 “lf'ﬂm ngvigy

a =

= o { A 4
30 ONFALBY LY 28 ‘lf’ﬂﬂN ﬁqmwnn 15 a3fssatyad mﬂﬂmﬁnummmu"lcmméﬁ-

U

a J ! a
nuan TaFAagNHEINY Pseudoalieromonas sp. 22b 39d111301)52gnA 14NgaIMgiiveans

uBusiuMInaaraasaaiuuiantSunauanlaaag (Cieslinski ttagAgIe, 2005)
Nakagawa ttazaniz (2007) 18dnynenlsdiudr-nuan Tadaaiiian 181wy
(cold-active B-galactosidase) 910 Arthrobacter psychrolactophilus strain F2 ﬁtq] A laaseen
wnlu E coli Taomsl¥ Cold expression system uazfnmianumzuosoulaignmeu
(rBglAp) 1NMTNAQDINUI rBglAp ﬁgﬂ‘v'iﬂ,ﬁ’u?qwﬁdmmﬂmﬁuﬂ’ﬁmmmu%ﬂmﬁauﬁ’u

a =

J a o 1 1 aa A = a
L@u”lcﬂﬂugﬂﬁﬁwm A0 1NFY (1) UNINTTNGINYUHYY 0 0IRUFAUTYE (2) NQMKN
Y

U

D.

~ A 1w = o o = IS
UAZWDFNHUIZTUININY 10 DIAUFAUKIN LAz 8.0 M1l Lag (3) umn\lrﬂullﬂllmn

Y

a [ < { a Y]
rBglAp & qaTonInisueduidngaungil 50 esrusaed aely 5 WM UeNIINY

4
BglAp §98115000899 oNPG tazuanlaadienl K AU 2.7 uay 42.1 dadluans

a =

AAGD Ngunndl 10 eessalfod Wilaniiie (Unit) ved BglAp aunsodosuanlaela

Y

9
a

0 aa 1< ) L4 a
sz 70% 1uu1uu 1 Jaaans \Wunaiuu 24 ﬂf?]llﬂ u,azmu“lcﬁummsawam"lmu%ﬂ—

e

=

m5lia ldnnuanlaa daiufeazd1di mBelAp WU cold-active enzyme i1l 141u

m3tlszgnd 15 ugaanssueIms
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1 o [ a L4 a

uazh ldtaueszuumsuaasesnlnidmsunsnaaou lsdiudr-nuan Tndae

o d Aa a‘, qaj
VN Pyrococcus woesei W E. coli taginldon laiusgns laoms 1y lasunlansiilduaou
=) . 1 4 9 a A A
1#87 1A Dabrowski  tazaAme (2003)  wuaneu lwiudr-nuan Iagdiaagnuauiil

d‘ o =) Qo’ QSI'
polyhistidine tag 1 N-terminus @ HJﬁi‘l‘ﬂﬂﬁﬂiq N5 lag Ni affinity chromatography Tudupou

= & 4 o Y a = ] 9 9 A o Y = . =l
fen Fuoulmigni 1dusans Tastudreanuiowiei i lsduain £ coli doanin
Y Y

VINTURIUTUABUNTIY Ni© affinity chromatography  HAZINANINUANH UL TUTAVDI
J 1 s A = v 9 1% 3 dyd ag
ou largd wua e lesitinanssugauaziadosdonnuiou auiuszuumsudateoniiiuis

o d’d o [ a 4 Y a dl 1 9
‘VITﬂﬂﬁ'ﬁ/ﬁ‘ﬂﬂﬁNﬁm@l‘!llglfllm@ﬂ-ﬂulﬁﬂI@%Lﬂﬁ%%uﬁ@ﬂ’ﬂﬂiﬂu



UNN 3

ad
IBN1INAAN

a d a 1
1. AsJ9a9U ﬂi]ﬂiiN‘ll6Q!ﬂ‘I»!"l“lﬁ»l!Uﬁ1-ﬂ1!!ﬁﬂiﬂ°ﬂ!ﬂmﬁﬂﬁﬁu
a < v a <
1.1 ﬂi'ﬁm’ﬂﬂfﬁ]ﬂiﬁﬂli’)Q!’ﬂuul“‘liN!‘Uﬂ1-ﬂ1!!ﬁﬂiﬂ“ﬂ!ﬂﬁﬂuﬁ]‘ﬁ1§lﬂlﬂ

1N 0UWTD L. bulgaricus TISTR 892 (ATCC 11842) (Fou191ngudqaunsd
a 4

aanjuIteInemansuazimalulagurialszmalneg) lue1m1sal MRS (Difco, USA)

a A aa dy 9 a a =) I
Usuas 5 yaaang LW'IZLaENGlHﬁﬂTJZUl‘iE]f]ﬂGBH]u RRUR(EIRY 42 perussalsed 11unal 24

Y v
A A

o o @ = 9 a 4 dy dy 9
#21Tua ayeasonld liastvaesunanssuveseu sl Tasmziaeuyeluaniig 13
PONFIVUUUBINITUVI MRS N1/52ABUAY 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside
. P 4 A a A A A
(X-gal) (Sigma, USA) 0.01 Woesisuaas IPTG 0.1 Haa luals (Sigma, USA) Ngauvgu 42

a

~ < 9 A 3 o = AA a d? dy =
RN RIS GIS TGS Lﬂunmﬂmmu mﬂuummmamaﬂﬂiaumﬂmu UINIFDUNINTITNUD

o

v Y
o lyiud -nan lngaaazmdlulalatad Tae IPTG awwmtieni Iiiseaauns oasn

Q

a 4 1 : o <} A g
wdrnuanladiag wewdesaaty X-gal sz lvviulalathiudi

d
1.2 asvaeufanssuve sy lsiud-muanlndaalue1mnsiviad
2

IASONWUTO L. bulgaricus TISTR 892 Tuemisiial MRS U5u1as 5

A Aaa dy 9 a a = I~ ) eazl
Haaans mzmeluanng 1foondiou guvgi 42 essuwade iunar 24 92 Tue 911y

Vo A 2 A ) o sl o a < A
areadluviaens@suyeuny lfeondou 3 nlesiduavesilsuinseisasuie

9 VoA = 3 ) 2}' < dy ~ dy 9 A aa y
udun 42 esenaied 1Wunar 12 $27ue Mnduwnuirenmnzideald 1 Naaans laeily
A A 3 1 = A g J eazl Y o 4
HAINAMSITOV 10,000 TUABUIN U 10 WD asaadeInsaalearsazatetives

4 a ' [
HAYALAIASNDUIFAANIY Z-buffer (MANUIN N) LAUANAITAZANNTNTLHINOLE laun
Tngdu (9:1) 50 luTasaas simsnaued1aguuselagld vorex mixer Uszum s w1
amsazaenay llszieTngduesn Tastud 37 esrusarFod Uszuim 20 Wil (@audasain

9
Y o a o
Somkuti {azAMUL, 1998) ’1]1ﬂ1!1!u1€"f”|§ﬁ$ﬁ"lﬂwﬁllllﬂﬁi’J‘flﬁ'f’)‘]_lﬂﬁ]ﬂiiu‘ill’t’)\u@ull“]iu G]"Il]slgllﬂ 9.1

[ { o I~ a o
uanlasuasazmetiviesduaisazawosdminiivives fiex 5.5
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2. M3IAAUEN lacZ 910 L. bulgaricus TISTR 892
q' a g Y a aA d
2.1 MsndSnanld ueaemaiamMange1s
~ ~ a I I as
IRToNY IUNNTADUDVDY L. bulgaricus TISTR 892 @1WATMI IUNIANUIN A
A Ayvy v v
Tagazareaznouad e laal1e111/519910 19001 LHAZATIVADUANNTVUTULAZVUIAVD
<3 a 4 a ad
avue Tasldmalalas I Taiiwosuazisezn Isamwaoianlas Iisda (Manudn a) 14
A Jda g 1 g 1 s s
udindaduen lauuinuunaz 14 nsiues LblacZ-F 1ag LblacZ-R (Rhimi HazA,

o ~ A a 4 A a
2009) aataad 15199 8 TumsnudSunaey lacz TaawTousanilsenoulumsimuilsun

= [ dy
ADUIDAIN
o 4 { @ [ 1
msazawlivhines Taq Niuou TuHougama (10 11) 119
== o Aa A 4
uuniFeunan 158 2.59aa luals
= A A = 4 Aa A 4
Aoondiiing lon sveavana 0.1 Haaluais
J 4 ] 4
Tnswosedaay 0.21uTas Tuans
o 1
tou 'l 7. aq DNA polymerase (Fermentas, Lithuania) 2.5 1Y
a g 1 ]
ADULDLIALLIY 1'uTasnsu

o a aaa S| a gl & o
udtSulSinasvesdgnsenilu 20 lulnsans Arethusianinleoou wauliin il
Yuwdesaiie I dunausiuduniuvasa 1a2i1911A7949 Thermalcycler PCR (Eppendrof,

3 A a a g [ dy
Germany) Jagad lUsunsulumsmndsinuvesaouoasil

Initial denaturation 95 eI AL E 5 U

Denaturation 95 A uTased 30 IUN

Annealing 55 o9 uFaIsed 1 WA 35 501
Extension 72 peAusassed 3 Wl

Extension 72 eAusalsed 10 WA

Hold 4 DIFIFATOR o0

o < ¢ Y 2 ag 42 a v
WENmﬂLﬁ‘ifﬂﬁuugmLmjﬁi’Ji]’df)“Uﬂl‘m@ﬂlaﬁ%uﬁﬁuﬂmummwnﬂ‘immhl,ﬂ

aa

de5ezmlsamasianlasliisdalaeldoznlsaaa 1 wosiFud udiinsdaaten
Y

a Aaa 1 S A a3 Y
VINUNUSUTIUVDIYY  lacZ ’E)E]ﬂll'll,‘WE)Llﬂﬂﬂlﬂulf)ﬂﬂﬂﬂ'lﬂli]aiﬂEJGI,"H Gel/PCR DNA

o [

Fragments Extraction Kit (Geneaid Biotech, Taiwan) #1a1135msiuuzih lagnienguan ¢

lunmanuin a
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2.2 M3Inaueiy lacZ

Y

o A v < 4 - J
WruaINARWeNTE 2.1 N¥ouABNUNAMBS pGEM®-T Easy (Promega,

&y

o a4 a o & <3 ' 1 o
UsA) Tagihaasaussnuuzi mntinhadwegnwavais Towdg £ coli DH5a (1a5y

[

ANMWOUIATIZHIN TA.A5. QAN wTIAzHIUY s una Tuladdinn auzinemans
a [ a a [ J 4

yIMedeniaa) a1 lunanuIn a LaaaunennI1uNes U (tranformant) 1

< 1 aa A [ 1 Aa Aaa v

215U LB Mlsznoudisusuiidaan100 luInsnsuasiiaaaasiazaaaon £ coli DH5A

Aaa g Y an . o A J

AL UIOgNNANAI8IT colony direct PCR (NANUIN A) HATATIVADUNAYDINITNHTDS
a ad CaR~ 4 { a

dre7sozmisamwadanlas Isdalasldozmisama 1 WosiGud wanldaowaraia

pGal14 ATOU lacZ 317 L. bulgaricus TISTR 892 tazdudupadiemsmaduiue

A o v A = J J Iq Y == caj dsl
ATTNN 8 ﬁ'lﬂ‘]Ju’)ﬂ'ﬁIE)WGUENUlW‘iLNf]‘i‘i/ﬂ"]ﬂﬂﬂ?‘iﬁﬂ‘hl'lﬂ‘iﬁu

151791 GenBank
Twswes Sevinalelng 55 —3 ) accession
UN number
GTATTCAAGTTAGAAGGGAAGGGAAGAAT
LblacZ-F - NC 008054.1
TAGAAAATG
LblacZ-R TTGTAGCATTTATTTTAGTAAAAGGGGCTG - NC 008054.1
GGAATTCCTCGAGGTATTCAAGTTAGAAG
LblacZ-F2 Xho 1 NC 008054.1
GGAAG
CCACGAAGATCTTTTTAGTAAAAGGGGCT
LblacZ-R2.2 BglTl | NC 008054.1
GAATCAC

2.3 magulpauiy lacZ
23.1 MIA3EUTURSUOVRIEY lacZ 90 E. coli DH5Q Tiinaadia pGal
14 dwmSumsaulnau
FMSINEED E. coli DHSQ fiTmataiia pGall4 luemisiiad LB
Umas 5 Gadans Aol fFwmsneniidaau anududugaiie 100 lulnsniudedadans
ﬂ1"lﬂ1,611siﬂum’?aemshu,muﬂ’mﬂuqmwgﬁ (New Brunswick Scientific, USA) in11u152501

a =

1 I o ) [ a
150 i@ﬂ?‘]@u’]ﬁ QUNYU 37 DB ALFY Wuan 16 ‘lf'ﬂllxi Llélﬁﬂ'lﬂ'l‘iﬁﬂﬂWﬁ'lﬁiJﬂ@a]}'Jfﬂgﬂ

U

ANANAIAUA PureLinkTM Quick Plasmid Miniprep Kit (invitrogen, USA) TagmuI5ns 1y
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a g AN YY M Y 9
MARUIN A Tagazateaznouaden ldaleinlsiaanleossu tazasrnaeuanududu
wazvuavesnaaiaaeue Iaeldalalas W laimesaz 5oz Isanasan las INsda

o a Aag A @ Y < 1 Y J
UINATUAADUIDUDN pGalld ‘1/]ﬁﬂ@llﬂ1]1!,1JuLHJLL‘U‘ULm%Gl“]flIWimf]i

4 =

H A a < as =1
LblacZ-F2 uag LblacZ-R2.2 (113199 8) lumsinasuiadduedie93neiide1svosou

9 v
a v o =

a a & o’g
war-muanlaadag (acz) NnNaaia pGall4 ¥4 lnswesneaesfiivTnaudasumzn

v o J v W 1 ' @ i .
Yarsuaazary annglumsimidersmilounuiude 2.1 uauana19aduNNa1ve4 annealing

4

-2 @ < Jd a 1 I i A
NINY 65 ’mmmm%ﬁ waqmﬂmmawgmué’a m’maammmawumuﬁmumﬁm3J
a 9 Aas Aaa =) o @ a d‘day (] ~
ﬂimm"lﬂiﬂmﬁazﬂﬂiﬁmaamﬂTmngwmmzmmsmmammmm‘nwumummﬂu

4 < &
lacZ D9ANUNBLENADUOD0NIINIDA 1A81H Gel/PCR DNA Fragments Extraction Kit 910111

a

vndadieonlasd Xrol wag Bel I (New England Biolab, USA) udin luuieamnll 37

Q Y

)]

psaidea fwna13 Falus wgadfasen Tasih ld1danudeouiiguwai 65

Rl

=) ] vy o _as ag = [
DA ALY WY 20 UIN LL?I'J‘LH?JWli'Ji]ﬁ’t’)‘]Jﬂ’JEJ‘VITJ‘ﬁﬂgﬂTIﬁﬁL%ﬁ@LaﬂI@ﬁIV\lli“Kﬁ Hagnm
% a d‘dg 1 £l A ad Y
NITAALRADIUTIUNNYUTIUVDIYU lacZ NTLW@LL&ﬂﬂL@HL@ﬂ@ﬂ%TﬂWﬁIﬂﬂclsb' Gel/PCR DNA

Fragments Extraction Kit

A s d

2.3.2 MIASaNTUAI UBIAADS pMY102 SHsUMsdulnau

Y
a adg

) = S v A T oW Qy a d ~
‘VI1ﬂ”IiL¢IiEJﬂJGHuﬂL@u!ﬂl’)ﬂl@]@i%ﬁ]%iﬂfl“]f@ll@]@ﬂﬂ%uﬂlﬂulﬂﬂlﬂﬂﬂu lacZ

2 [
Tude 23.1 Tasshimsmnzi@es  E coli DHSa fiwaradiavida pMyY102 (lasuniny

v Aa

PUNTITHIIN 57, A5, WAMEW  owfe  a@wnivunalulagiinm  dnind

-

maluTagnmsinyas unImedema lulaggsuid) Tuemsmiad LB U5uas 5 Gaaans 1l
as aa A Yy 9 Y [ 1 A Aaa o ] d’ ]

eI rvuziouidaan anududugaiie 100 lulasniuaeiaaaas W liwerlunTeuve

AA 3 1 a <3|

HUVAIUANRUUYTNANWGITOD 150 50UADUIN Qaungil 37 esruwarsed Wunal 16

v 9

#2Tue ntiushmsanawaiaialeyadnanalaia PureLinkTM Quick Plasmid Miniprep Kit
Qs: o a g 4 o o oA a

NNMTINAIRWENANDTNAARIY Xhol taz BamHI udnh I uungungll 37 ssruwaibod

a =

| o aaa o {
Wunan 3 92Tue ngallgnse Tasill1danudounguugil 65 osruwadoa w20 Wi

U

v E4
AaAa

Y o Y o A adg = Y o o a
LLﬁ'JunJW]'i'mﬁf]‘]Jﬂ’JEJ‘ﬂ'I’Jﬁ@$ﬂWIiﬁL%ﬁﬂmﬂIﬁiIV\lli“]ﬁﬁ LAININITAALIADIUTLIUNUYU
a g s A a g ¥
ALUIDLIANDT pMY 102 9DNUUNDLUINALLDULDDDNIINIIA Iﬂf_lslfb' Gel/PCR DNA Fragments

Extraction Kit



32

2.3.3 MIFOUAREU lucZ /U pMY102

0 & ad A A vq Y o A "o
u’]ﬂfumf’]\jﬂlf’JUL@Vll@iﬂllllﬂclueu@ 2.3.1 tag 2.3.2 NSy UNonNU

a =

Taol¥ouled T4 DNA Ligase (New England Biolab, USA) tazliufigaivail 16 oersadoa

U

]
a

3| o 3 aaan 4 °
Wunan 16 $lus nndungadfnsemagon Taesthldldanuieungungil 65 oem-
~ =1 ;/ 1 aa 9 . Yo

walBed w10 Wi ntiumeToudowegnuaud Iy Ecoli TOP10F' (lasuan
L4

BUIATIEVIN Univ.Prof. Dipl.-Ing. Dr.techn. Dietmar Haltrich, Institute of Food Technology,

University of Natural Resources and Applied Life Sciences, Vienna, Austria) udafauen
J J < A Y aa A v 1 A aa

nswosunuueIMsuds LB Mlszneudsueundadau 100 lulainsudeiadans uaz

[ A < A

AnIAeN E. coli TOP10F' NUADUIBGNHANAIYIT colony direct PCR HIATIVAOUNAUDING

MAge1sa1075ezmIsdnaoanlas sdalaeldozmlsana 1 woesidud wanlane

v
=1

wanaia pHFgall7 NNOU lacZ 910 L. bulgaricus TISTR 892 Niimsiaatoaninniu 1usaun

udAg0eNi His-Tag Anoghiats C frenaztudumadiomsmaraua

3. myAANZHiLazmsmamauiianalena
X ¥ (T (T 7T @ 2 ad A A v
1. A izimdauiang lo Inavesiudiudidwognuauiiwsonla Tae
a o Y @
vsunluTof lae sandatnusiil Uszmalng
a do @ o I .
2. Aanediaduiiing lo Inalael¥1dsunsy Vector NTI advance 10 (Invitrogen)
k% 9 A U o w A =1 4 = o w A =
3. MInumdeyameInuSuEINg lo InduazmanumileuveIs M uEING-
4 < 4
To'lnd 197951053 basis local alignment tool (BLAST) 917190 lw# National for Biotechnology

Information (NCBI)

d
4. m5uaﬂeaanmadaau"lcuumﬁ'%nmaﬂiﬂac?ma
o . A A Ay ¥ 9y = o dy
U1 E.coli TOP10OF' Y pHFgall7 Vlllﬂiﬂﬂ"llfl 233 MWL@]EEJ&JH’JW’E)GI,HEJNN'B'MQ’J

a = an d‘d ad aAa a Y 1 a aa o 1 d‘
15uas 5 Yaqans mnmﬂgmummuwmaau 100 ulmiﬂiﬂih@@haaﬁ@i HWMlﬂLsUEﬂGlumi’éN

a =

T aa < 1 < o
WEAIUANUNYUNANWGITOV 200 FOUADUIN QUKL 37 pasuaiFea Ty 12 42 1u9

U

Y 4 v
iﬂﬂﬁufﬂﬂlﬁdﬁ’ﬂﬂ‘iMWﬁ 1 Jaaans asluemsimaldsuins 100 Yaaans NULOUNTAAN100

luTasniuneiiadans vssyluviaglsuyvuna 500 Jadans udnhldiwdrlunieuud

a =

aa < 1 v w1
muﬂnqmwmﬁmmgmiau 200 50UADUIN BUKAN 37 DIAUFAFIT VUNTENIIAAING

U q U

=

A A Y =2 a 4 ~ o a s v
@ﬂﬂﬁuuﬁﬂ‘ﬂ 600 uﬂumm llﬂ 0.5-0.6 U9y IPTG LwamummmiNam@u"lmnm”lﬂiw

2
a =

Yy 9 9 [~ a A 4 o = VoA
mmmmmqmnmﬂu 1 llﬁﬁillﬁ'li HASMMINIZIAUINDNYUY YN 30 DIAUFALFIT UIU

U
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M o g P A o o A A < ' ~
12 %2 Tua miunvsaangnilenii lasilumleannu51591 6,500 59VABUIN WU 20
& o P A a P P
WA 1d1419 1 asedreansazarevoamaivives 20 TaaTuais Ao 7.4 uazuanisad lag
1 v
M3 lHnTeuAEadITIRUgY (AMINCO, USA) 91n1UIAL phenylmethane-sulonyl fluoride
A A 4 o w 4 y ~ 1 = =
(PMSF) 5 §aa lyais uaziidambsanoen lagn15iumrled (8,000 58UA0HIN U1K 30 WA

4 parnasee) a2 laarulaniuen ladney

v d

5. msanmau"lmummwa%wmacﬁu (Periplasm) (Yamabhai yaznaue, 2007)
o P dy < 9 9 a a aa 1 :j < ~
HigaaNnziaeudsanalnnte 4 dsuiasg 50 waaang ll”I!LGIfGlLlLlTLLBIN 5UMN
3 o ~ ~ < v =1 =1 =~ o 4
NN NSO 8,000 39UADUIN UTU 10 UIN 4 DIAULBALHYT UINENDULLEAR

1% 4 Y % 4 <
adaeu loy Tasazaisnzneuiraaalsaisazaivysiwes spheroplast (HU (AIANUIN M)

a A Aaa 1 31 < ~ 9 Iy = A < 1 =)
ﬂ‘ilﬂ@]i 2.5 Hannag uniuunm 5 UM umﬂmmammmgmiau 8,000 59UADUIN UIU

v
v A [}

=~ =~ JY 3‘ dy A A A J
10 UIN 4 3AUKALBYT aZA1YATNDULEANAIYUING mumimn%@wmmﬂumamaa"liﬂ 1

S

a A S I a A Aaa 1 o 9 v A [l 1 = z o

lla'ﬁillﬁ’li Wulsuas 1 Naaaas ‘UNslulﬂll"llQW‘i’E)iJﬂ‘]JiJﬂ1iL5UEJ'I‘1J’E)EJ°] 5 UIMN GD'lﬂ’L!‘L!‘l]’L!
™ A 3 1 ~ ~ ~ 1 Ay YA o

URIBINANNLIITOU 8,000 FDUADUIN UTU 15 UIN 4 DIAUBALHIET muclﬁm"lmmau”l%n

NAWOSWATAHY

d
6. mshsgnsreulwignman
o Aa = 4 v A . . .
MuTgnsionlaignuan TasldinTes Fast Protein Liquid Chromatography
. ) L4 ~ ' o J
(Amersham Pharmacia, Sweden) TﬂsJu1L@u”lcwwfmJmzamagiumsaxmauﬂmﬂm A
@sazarevoaaivivies 20 HadTuars Tw@eunan’lsd 0.5 Twars  dianlwa 20 Haa-
Tuans Aoy 7.4) Tnanaslunodul HisTrap HP (Ni Sepharoae 6 Fast Flow, GE Healthcare,
p p
[ 9
Sweden) MM1eUAA (pre-equilibrated) A2v@15aza10tiiMos A uda Mimiuws T1lsAusondie
arsazaetiives B (msazareveaaiinimes 20 Taaluars Twdsunaslsa 0.5 Tuars

aa Aa A d A 3 =1 9 (% Aa Aaa 1
8iian Tara 500 3ad luans Moy 7.4) LUVUATUAYY (one-step) AI8AT1IN5 1Ha 1 Uaaansae

P4
=

a S . Adaa ¢ o Y o o A 0o q Y Y U
WA 310U fraction RNAINTTUVEUEU l9ais iU udridandeuazi Iiduduiv Tae
@ a % { a Y 1< 4
ldoanifamsFuniivuiagniu 10 Alaneadu (Millipor,  Ireland) tnuteu Tasd 131w
@ 4 a A J = a = A 9
arsazareWemaiiviies 20 Hadluars ey 7.4 guvgil 4 esruwarea 1o lyluns

a51zviae 11
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7. msmd3analilsau
wianutuiuIlsauTaei5ves Bradford (Bradford, 1976) n3vlinasgiuves

TisauensonTaslda15a2a18 bovine serum albumin (AMARNLIN )

8. myiuaadianiaslvlisda
o d a d{ a 4 a d{ 3’ 1 9 d' o
weu ladusgniunimsiznmanuuignivaziimin luananiolagn1z i
YA v a . .. 4 an o = a 4 a g
IMdednHUZNIBITUIIA (denaturing conditions) A283TM15M1 Indezasar luanasianlng-

a

a ~ 1 v ~
TisFemuviod@od (SDS-PAGE) Tagtiuton lasaini treatment buffer (N1AKWIN 1) NgaIngil
I =~ ) a . ..
60 parsarFod Wunar 5 i waziin1eldan1iesIsua (non-denaturing conditions) A28
an o = a 4 ad a = . £ 3 ad
i indezasarludwasidanlas IisFauvuui (Native-PAGE)  #%4M9a9433
ATTBVVUIAAIINTION 2 LVVAD FDUAIY Coomassie Brilliant Blue Lazdounanssuvysa
L4 .. .. Y . . < o v
1o L] (activity staining) Tag 1y 4-methylumbelliferyl p-D-galactoside wWuasaeau (Nguyen

HagANE, 2006) A9 1UNIANUIN

9. msfngadnsayauiAveseu luiignaa
9.1 M3nsIvaevionsINveseu lusium-nuanIndae
1< 3 Aaaa A Aa
14e1582818 oONPG (Sigma, USA) Hudisasdu Ugnseniudulasnisay
4 a a A J
asazareoulyd 20 lulasaas adl)luaisazars oNPG anududy 22 Jadluans
{ v o s a A s
(Manuan n) Nazargedluaisazatsla@enomaiimes 20 Hadluais Now 7.4
a A Aaan @ [l { I
51105 480 luTnsans nazngalfnsenvasnniui 40 esswarfod 1lunal 15 wii Aae
= 4 4 a a Y a
arsazare lm@Asun1suoa 0.4 Tuais Usuias 750 Tulasaas uamilTuiaves
. d' 1 (% 1 A d' d'
o-nitrophenol (oNP) Nignilaailasseanuilagianigananuaananueninay 420 w1 lumas
(Pau1)a991n Nakkharat 1t Haltrich, 2005)
o Y I} . 4 Y a = a
fvuald 1 vu9e (Unit, U) voueu lahiudr-nuan lagiad Ao Usumues

P o Y a = 9 A o
U lsinildine oNP 1 luTasTua 919 oNPG Tunan 1 i meldanzniimnaasa

(Y] A d
9.2 mﬁﬁmd1f;}manymzaunﬂmmmu‘lmugnwau
= N A Y o ¢
9.2.1 miﬂman‘wm‘lfm‘mnxﬁuﬂ’emﬁm&mmmmu"lmu
~ ~ o L4 9 a
fﬂﬁﬂﬂﬁfJUWL@“lfﬂl‘ﬁﬂJ13ﬁiJGlfL!ﬂTi1/]1\1114"119\1!,@1!ll‘ﬂflllu@n-ﬂ’]lmﬂiﬂ“ﬁ-

wma Tagnmisidevrueu el ldianumdudunmuizluaisazarewodlainines 20
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A A Jd A 9 ) o aan @ a A ¢ A =)
Haaluans ey 74 udnhlUinlgisernudisazats oNPG 22 Had luas Maseuan
o sAA ~ 1 A a P A [

asazaevliies NTF9N0YTENIN 4.0-10.0 toMIAINT TNV RO lmiNdunineg (a1m
o P 1 a % Jd A 1

99 9.1) Ailasn1¥Ae Mersznie 4.0-6.0 sasazarsezFasnmiviies Wesszni1g 6.0-

Y] 4 Y] Jd A 4
8.0 1¥asazarooaaiivives Wy 7-9 1¥a1sazareotiviesnia-1lalaslsd uaziitos

5241914 9.0-10.0 Masazaretivivles Inadu-Taden laason loa (ManuUIN N)

= = d'd \ = d
9.2.2 msAnpieyidinanonNMadasvo ol
= =~ 1 = 4 1 J
Anywavesiiteraonuadosvosou Tagtiuou iy
@ 7 v w9 < o < 7 1
asazaviiiwlesifernunude 9.2.1 Wuna 24 $21ue Teanueu lminszeznaiaieg mn
v a s A [
Janvnssuvesou lainmaveg
= aa v o d
9.2.3 MsAnpIgamiinmInzandem e ueu
A o [ o J
mMsnadeuguuglimuizaudimiumsiinuvevou laiindi-
nuaalagiad Tagnaasuasuuasgargl (30-80 seraiied) TUn1nININT IV
4
EATRLY

a

) d‘d X = d
9.2.4 miﬂmg1’qamnuﬂuwamammmnmmmwu‘lclm

L'

= a = 4 1 J
ﬂﬂiel1N’d51]’ENQmﬁgu@@ﬂ’ﬂNLﬁﬂﬂiﬂlﬂﬂlﬂuq%M TﬂﬂmiumauMMu

&Y J A A J v a ~ [
msazaeomatiives 20 Hadluars Wey 7.4 Tuyrsgungil 35-60 oarussarsad 1y

o <3 s 1 v Aa oA A I
a1 24 GH'JI?JQ Tﬂmﬂm@uhl@mmsEananN@] ‘JJnﬂﬂﬁ)ﬂismmﬁmullcﬁmnmaaag

a a d
9.2.5 MIANHINAVDIFHA 19U AHZABNINTINUDUDU 193]
= T A 4 a
AnymavedlooouTanzaenanssuvoseulsy  Taswminanssuvea
Pl v A o P o (Aaa o Y 9 A a P
ulainmde 9.1 Weoriwou lxiuinlasonuaisazats oNPG ANdudY 22 Had Tuais
4 1 =1 o 4 a A Jd A
Nazawegluansazaslndsuomativivles 20 Jadlua1s ey 7.4 uaziileosuTans

<3| a A
anuutugamedu 1 10 wag 100 dadluas

= Aa A ¢ 1 a d
9.2.6 miﬁnmwamawummmuﬂmnanﬁummmu"lmu
= ~ d A 1 1A 4 a
ANHINAUDITIDIIUATUAN G G]@ﬂﬂﬂiih"ll@\ilﬂuul“ﬁil Tﬂﬂ“l’ﬂﬂi]ﬂiill

4 9 A ) 4 o Aaan o Yy 9
ﬂlmmuklcmmwua 9.1 Luaun@uvlcmmmﬂg]ﬂimﬂumiamw oNPG AU UNUU 22
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iadlua1s Ravaweglumsazarelm@ouemaivivies 20 TadTuars fitoy 7.4 wagd

2 J A 1 Yy 9 9 <3| a A 4
TLBDRAUATUAN N ﬂ’nmf’umlutmm&uﬂu 110 uag 100 NﬁaillﬁTi

i ¢
9.2.7 ﬂ]iﬁﬂ‘HWJasllf’)Q‘lfﬁﬂu1ﬂ1ﬁdﬁﬁﬂﬂ§5“ﬂlﬂﬂ!ﬂuﬂ“ﬂﬂ
v

o a 1 1A 4 a
Anywaveuimiawian1en aenanssuvoaeu lal Tagrinenssy
¢ ¥ A o ¢ o |aaa o Y 9
youeu laiaiude 9.1 ierinou laduniil§serduaisazais oNPG  anuidudu 22
a A s A 1 % J a A J
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Tag High Performance Liquid Chromatography (HPLC)

11.1 Thin Layer Chromatography (TLC)
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11.2 High Performance Liquid Chromatography (HPLC)
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4
1 a L4 a
WUN L. bulgaricus TISTR 892 Hanuaunsolunaaeu lydiudr-nuanlagmavunielu
4 a S 1w ] 1 A aa ] 1 A Aa o
wad Iaglinanssuveseu Ny 22.6 vuleAelaaans 1o 2027.4 vWulgaeNaansy
cf} @ s Y & Aa 4 A =~ ~ [ A A A
youihminaaauis  glinanssuveeu ladgsniulen)seuifisudunuaiiiFennundsou
1 a S 1w ] 1A
WU Alicyclobacillus acidocaldarius ATCC 27009 Hnangsueu lslmny 363.75 vivleseans
a d 1w ] 1 a aa
(Lauro U@¥ANY, 2007) Haloferax alicantei Hnanssuewlaimindy 7.3 wiledeladans
(Holmes HazAMe, 1997) UANNINTTNLIOOANIN Thermus thermophilus HB-8 HaHNINTIUVD

U Tl f 55000 ¥11I8A08AT (Maciunaka HAZAE, 1998)

2. MSINAUEY lacZ 910 L. bulgaricus TISTR 892
s s 1
010319 w5103 LblacZ-F 1ag LblacZ-R N10901UUI1N GenBank accession
A a ~ as == o
number NC_008054.1TumstwudSuau lacZ 910 L. bulgaricus TISTR 892 1ag25N 19N %015
1 4 1 o AA S A 1 Y ag uaj
U Inswesgivazanzlumahiidersasinan 1A luismsnaasuinmunzanuas
Q' a =S Y = = a [ d' naj o

gunsaiulSunatu ez 18 Tagduivuadszuna 3 dlawassuaasluminn 9 aniiuii

1 [ 1

Qy 1 =l A A a 4 4 1
FUAIUVOIIU lacZz N Tina ldu¥eudenunames pGEM-T Easy taio18louing

U

'
A g

E. 'coli DH5Q lagfiniaon E. coli DH5a NTRAIDUOYNNANAIEIT colony direct PCR/ 118%
o . A A J Y ad ag ~ A @
AR UNaVRIINT0 13 A8 T o1 Isanadian g Iista  uazlodanAvUIAVDY
Qy 1 aa o Aad Aaad = (= A Qy 1
FuaIWARWeIANMINITezM Isawadianlas Wisde Wyl lnaunivina¥uaiuves
a g a A @ 1 o I ¥ . A
auelseuiw 3 dlawe (MnA 10) MnMInaaesaanailild £ coli DHsa 7f
v A
WaalAgnNaNNTOU lacZ 910 L. bulgaricus TISTR 892 ntiutudunademsth lmdrau
a = 14 = [ 0o v A = 14
wndlelnduazasinaevanumileounudiduiing lo Inaves L. delbrueckii  subsp.
1 a P 1 a 4 J
bulgaricus ATCC 11842 Tagl¥ursdiuvesiiinale lndnlaanmsaalyinsizs wun
o v A = J Ay YA A v o w A = J = Y
d19u17na 1o Inaves Iaaui ldianumideunudiauiing le Indvesduiudai-niuan la-
a 3 I {
FIAAVON L. delbrueckii subsp. bulgaricus ATCC 11842 100 1osigua aauaasluning 11
3 A o 4 o a 1Y ;g
nniudiveladonTnau pGali4 ieduInauduilszum 3 Alawe T pMyY102 Fuilu
expression vector (MW 12) uazshlduaasesnly £ coli TOP1OF' inshldamsonda
s Y ,5 v A Y ad . o
o lad lageiu anmsaaden Iaaudie3s colony direct PCR 1AZATIIADUNAVOIN
4 a adg {
fge1sale3termIsanadianlas Ivhsda wanlafne 18 3 Taau (pHFealls, pHFgall6,
A~ g v a g a A o ogz’
pHFgall7) Nivwiasudiuvesdduelszuia 3 aAlawe (1w 13) thlaauneaiuun
a o a I {
asnaeuaNuasa lumsnaaeu lniiudr-nuanladiag TaenaaeuuueIMITude LB A

Ysznaudlsueuisaau100 lulasniudeiadans X-gal 0.01 wesidud uaz IPTG 0.1
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nniuduiunadiemsi limsrduwa wun Tnaunldidwuuamideunudduuaves
= 9 a .. . A Yy 9
BUIA-NUAA IATIAE 1N L. delbrueckii subsp. bulgaricus ATCC 11842 AnseauBuds
[ 9 dy & A =) . ~ S 1w 1
NOUNTIH U GenBank  #98U lacZ 1 open reading frame (ORF) N@NUIUNINY 3027 QLU
: o 3 a A { ° 1w
FaulaswadunsaeziiTu'ld 1008 nsnozd Tunaziinaaluanad lavinmsdiuraminy
H v 4
114,160 ADAAU LHUNTWYDY pMY 102 NTBU lacZ (pHFgal) HaassanIni 15 91n1iugisela

= A =2 ~ o vAa 4
@enlaau pHFgall7 LW@"lﬂﬁﬂmmsuamaeﬂmmﬂuuazaﬂymzﬁwmmmu%ugﬂwﬁu

ao 'l

nlawe
10.0

3.0—>
2.0—»
1.5 3

1.0—»

{ Qy [] { o 4 1 {
NN 9 FUAIUVDIIU lacZ N 1A1NMININT1S TAsr0dN 1 Ao 1 kb DNA ladder (New

] Y v v
England Biolab) ¥047 2 A9 ¥Ua V098U lacZ MinyTue 14
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4 5 6 7 8 9 10 11 12

13 14 15 16 17

AN 10 FUAIUUBITU lacZ N'1H19N139 colonies direct PCR Taa%aaf 1 Ad 1 kb DNA

ladder %047 2-17 fio Iaau pGal 1-16 MIWATINAOVY lacZ

(A)

pGalid T7
L.bulgaricus
Consensus

pGall4 T7
L.bulgaricus
Consensus

pGalld T7
L.bulgaricus
Consensus

B)

pGall4d SP6
L.bulgaricus
Consensus

pGalld SPé6
L.bulgaricus
Consensus

ATCCL1842

ATCCl11842

ATCC11842

ATCC11842

ATCCl11842

(101)
(101)
(101)

(779)
(2937)
(2973)

(829)
(2987)
(3023)

50
ATGAGCAATAAGTTAGTAAAAGAAAAAAGAGTTGACCAGGCAGACCTGGE
ATGAGCAATAAGTTAGTAAAAGAAAANAGRGTTGACCAGGCAGACCTGGC
ATGAGCAATAAGTTAGTAAAAGAAAAAAGAGTTGACCAGGCAGACCTGGC
51 100
CTGGCTGACTGACCCGGAAGTTTACGAAGTCAATACAATTCCCCCGCACT
CTGGCTGACTGACCCGGAAGTTTACGAAGTCAATACAATTCCCCCGCACT
CTGGCTGACTGACCCGGAAGTTTACGAAGTCAATACAATTCCCCCGCACT
101 113
CCGACCATGAGTC
CCGACCATGAGTC
CCGACCATGAGTC

2973 3022
CTGGGGGCAGAAGGTCCACCCGGAATTCTGCCTGGATGCTCAAAAAGCCC
CTGGGGGCAGAAGGTCCACCCGGAATTCTGCCTGGATGCTCAAAAAGCCC
CTGGGGGCAGAAGGTCCACCCGGAATTCTGCCTGGATGCTCAAAAAGCCC
3023 3063
GCCAGCTCCGCCTGGTGATTCAGCCCCTTTTACTAAAATAA
GCCAGCTCCGCCTGGTGATTCAGCCCCTTTTACTAAAATAA
GCCAGCTCCGCCTGGTGATTCAGCCCCTTTTACTAAAATAA

~ = =) A o v a A 4 Y a
ﬂWW%11LﬂiﬂﬂrﬂﬂﬂﬂJﬁuﬂN@uﬂWﬂUuﬁﬂaIﬂ1%ﬂ%@%ﬂﬁ14ﬂuaﬂIQQHQﬁﬂWﬂIﬂaiipGaH4

U L. delbrueckii subsp. bulgaricus ATCC 11842
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Xho 1177

tac promoter BES pupa
Bl 11 197

AR 12 uRuANNANeS pMY102 figaulasmnannanes pFLAG-CTS vector 19g
U32noUMIY tac promoter, RBS Shine-Dalgarno ribosome-binding site, multiple cloning sites,
deca-histidine tag (10His), octapeptide tag (FLAG), T1T2 ribosomal RNA operon compound
terminator, ampicillin resistance marker (Amp'), pBR322 ori Lﬂugméuﬁumiéﬁmmﬁm%ﬂ
double-strand maawmaﬁ@@.ﬂwﬁm, fl ori Lﬂui;ménéfumi{hamﬁm%u single-strand U®4

positive strand WU M13 K07 Helper Phage, lacl repressor UBN tac promoter
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WA 13 FUAIUVIIU lacZ N 1ADINAITIT colonies direct PCR Taga0a 1 Ao 1 kb DNA

ladder ¥097 3-5 Ao lAau pHFgal15-17 MiWATRAOVIY lacZ

pHFgall5 = © pHFgall7

~ [ aA Ay ¥ a o Y
NINN 14 aﬂymzTﬂiauﬁﬁm"lﬂmﬂmﬁ%ﬁaummmmmiumiNamau”lcumum-ﬂmaﬂ-

a < { 9 aa a v 1 a aa
Tﬁcﬁlﬂﬁ Iﬂﬂﬂﬂﬁﬂﬂﬂu@'lﬂ'ﬁllm\‘] LB ﬁﬂﬁgﬂﬂﬂﬂjﬂu@ﬂwcﬁaauloo ullliﬂiﬂillﬂ'ﬂllaaaﬂﬁ

a =

-4 A a s A < Yy A
X-gal 0.01 l‘].]i’)il,“]fu@] ag IPTG 0.1 Mﬁajllfﬂﬁ NYUNNVY 37 DIAUY UV L']Junmﬂmmu

Q U
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EES
XhoI 177

tac promoter

Tk

pMT102+1acE

2480 bp

BelII 32048

FLAG taz

AN 15 UHUMWIANDS pMY 102 NIBY lacZ (pHFgal)

1 ¢
3. msuanseeninnIuve ey luiiud-muanlnadiaa L. bulgaricus TISTR 892 14 E. coli
INMIANYINTUEAIDDNVDI IAAY pHFgall7 NNEU lacZ 90 L. bulgaricus
TISTR 892 0¢n181ANITAIUANVO fac promoter tazasatienihIdinmsuaaseonuin
d? 9 a A 4 dy ~ = (% ~ ) ) 1
vulagls IPTG 1 Haa Tua1s 1zi@aean 30 99RUFAToE a9 1NHHed1 12 $2Tue Wy
a 4 a { a 4 A
nanssuveseu ladidr-nuan Tnagmangnwialag E. coli d1e¥us TOP10F' 73] pHFgal17
WY 1w [ 1T A Aaa L 1 <K A A
pglaminy 49162 wideaeiadans Taseu lasiludivvesleTanaraduliviniqa
= a =< dy tﬂy o [ d' 1 a
5090911 Ao wesnarady uazluevisideudemiudidy  luvazi inufonssuves
s A Y 1 o ~ [V :}l
o laal 1121889 E. coli TOP10F' 713 pMY 102 (empty vector) aauaadlunini 16 aariu

=2 A s = a = Y, o a = s A v
51]\1La’E')ﬂ!f]ull“]ﬂ]Ft]']ﬂleﬁIﬁWa']ﬁclflll,l,a$LW@iWaTﬁcﬁmqﬂi%iuﬂTiﬂTUiq%ﬁL@ull“]ﬁJ LW’E—)GI;W\T]EI

4
=

1 3 o Y d a
aptuaoulumsiileulainTan
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Enzyme activity
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S
S
|
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1000 -
0 |
Cytoplasm Periplasm Culture broth Empty vector
Comparment

d’ a Jd Y a 1 1
NN 16 ﬂﬁﬂﬂﬂﬁl@\?!@ull‘ﬂfllLUﬁW-ﬂ’llLﬁﬂI@]“ﬁlﬂﬁGlUﬁﬁugnﬁ 9

o a Qd d
4. m‘im‘lJ‘i’q‘nﬁmu"lmugnwﬁu
2

Jd 09/' o g o a =
ewlamignnauresainduasumsi liuaaseenniueansailvusqns la
] 3 = Y [ 4 . = 9
Nelutunouae) Tasl¥noanil Ni Sepharoae 6 Fast Flow 1sAugnyzaanaisaisazaiy

o 4 3 = [ A 1A A . ~ =
‘UV\IW\I@? B HUUATIAYD (one-step) mgmﬂﬂumwm 17 IG]EJW‘]J’N WA B 1150 fraction 1 10 U

P4
Y =

a J Y a oszl o o Y 9 9 [ a o
ﬂi]ﬂ‘i‘ii]sllf]QL@H“%N!U@FﬂHLﬁﬂIWMﬂﬁ i]muuu1"lﬂ‘nﬂ“ﬂLmumumumﬂamwmmwu 1Pl

o L4 a a = A o 1w ]
e ladiind-nuan TaBaagnraunignisududison Tadveuminy 4731.43 Wi

1 A aa o { [ ] Y] 4 [V a [
AoNaaanT AIAIT19N 9 HAINHIUADANY Ni Sepharoae 6 Fast Flow 11ag a1 a5 5 U
o A = Vo ' v . o Vo 4 v
”lﬂmmmqm (fold) M1NU 5.43 1M Ha la (yield) MHUUANINY 67.9 weosisud vaz'ld
AINTTUT UL (specific activity) 1M7L 3153.20 Hudeaeiaansu1UsAY Felinonssudume
1 A = )=} o 4 Y a A 1
ganindon)semfsudueulaiiudr-nuanlagiaagnuauaInunasou 15u
Pseudoaterromonas sp. 22b HNINTIUIUWIZMINY 108 udeaolaansu1lUsau (Cieslinski
HazAME, 2005) Arthrobacter psychrolactophilus F2 HNINTITUIUWIZIMINY 20.4 WUIAD
HaansulUsau(Nakagawallaz A, 2007) 7. maritima MSB8 UNINTTUIUNILNIND 185
nuleaeNaansy1UsAY (Katroliauazane, 2011) 11agB. licheniformis DSM 13 UNIN55Y
Sumzndy 270 wuleaeiaansu1UsAU (Juajun tazAme, 2011) UATREAIN Pyrococcus

woesei NNINTTUIUWNIZINND 5440 vivdenoNaansy 11/5aU (Wanarska uazaaie, 2005)
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{ o a = J v J .
i 17 Tasain Taunsuvoamsisgniou laignuey Tasldnodud Ni Sepharoac 6 Fast

Flow Iag (—) Aeammsganaunaivelisau (

ay (—) Ao conductivity

s 3 4 [} 4
)y Aolosiudasazarstivivies B

1 4
a13197 9 myhwignien lediud-nuan Tadaagnuau

Total Total | Specific
Purification Activity Protein Purification | Yield
Activity Protein | Activity
steps (U/ml) (mg/ml) (fold) (%)
) (mg) | (U/mg)
Crude extract 4731.43 | 28388.56 | 8.15 48.92 | 580.31 1.00 100.0
Ni Sepharoae 6
Fast Flow + 2029.25 | 19277.87 | 0.64 6.11 | 3153.20 5.43 67.9
Ultrafiltation
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an ad a = =
1NMIINIa lwana Tagdseyn lsawadian as isdauvuedaos Wyl
a @ ~ & A Y A [ A 9y
waTuanadszana 115 flaaeadu (M 18) FelivualndiResnuuialuanai lavinns
MU A 114,160 A0ad HazionI1aaUelAan112535uA (Native-PAGE) WUT
v 4
vialszaia 230 nlanoadu (MWN 19) 91AN1TATIVTDUNIABIIT am1sana1d 1
o laliudr-nuan Tnadinagnuanain L. bulgaricus TISTR 892 Janyaiziilu homodimer 7
152npUA8 2 iggpeNLVLAITUTZIN 115 D lanoady FaanbazaInaIImiouiy
J Y a Ao 3 . = ]

ou lyiiud-nuan TaFa a9 Haloferax alicantei NHanyaziiy homodimer HUn1AMYUIY

1 T W a [ 1 1 4
goIMiuAD 78 nlaneadu (Holmes HazAMy, 1997) VUIAUDINUIgd080Y Tyludn-

a [ 4

Muan Iagaan L. bulgaricus TISTR 892 Hvwialndiesiuewlasion drthrobacter sp.
C2-2 (111 ﬁiamaﬁu) (Karasova-Lipovova LagAde, 2003) Pseudoaterromonas sp. 22b (115
nlanoadu) (Cieslinski uazAME, 2005) L. bulgaricus ATCC 11842 (115 nlanoadn) (Rhimi

HazAML, 2009) Enterobacter cloacae B5 (119 Alaaeadu) (Lu Lagame, 2005) LANANHME

9
A o

<3| [ 1 4
11 homotetramer WOANHTINANYULA191YD L. reuteri L103 (Nguyen sazaae, 2007a)

L. acidophilus R22 (Nguyen LagAMe, 2007b) Fadianyaziilu heterodimer
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nlansaau

198 —»

15—

90.5 —»

61.5 —»

46.5—»

37.8 —»

26 —»

A ag a = 4 9 a
NINN 18 f]$ﬂTIiﬁLﬂﬂ@LﬁﬂIﬁiIV\l!i“]ﬁﬁll‘U‘UL’E]ﬁﬂl’t]ﬁ“ll@\ilf)uulcﬁhL‘]Jﬂ'l-ﬂﬂlaﬂiﬁﬁcﬁlﬂﬁfﬂ']ﬂ
. Ao £ . LA A
L. bulgaricus TISTR 892 numsuaaoonnIuly £ coli TOP10F lagsodi 1 Ao
A ~ 7 | oA A o
nsedare1Usau (PRO-STAIN, iNtRON Biotechnology, Korea) ¥039%0 2 1oy 5 A0 1o los]
[ P v
We W09 3 1Az 6 Ao tou i uTgNINAIH1UADANL Ni Sepharoae 6 Fast Flow %047 4
4 1
uaz 7 Ao tou lmiuSgninderuneauil Ni Sepharoae 6 Fast Flow 11a28a31W1A55U $3%09
A 9 9 . 1 ] A 9 a 4 -
N2, 3u10% 4 gUAAIY Coomassie blue AIUFDIN 5, 6 AL 7 dounanssueu lal (activity

staining)



49

nlanoadu

669
440

232

140

67

A ad a Y a . L4

AMun 19 azmlsamasianasiissameldan1iesisusa (Native PAGE) yaaeu oyl
v 9
WA-MuanlnaFaaIn L. bulearicus TISTR 892 MM suaaoanuinvu i £ coli TOP10F'
Tagoan 1 Ao 1nTearu1e1UAY (high molecular weight maker, GE Healthcare) ¥0411 2 t1ag
A 7 oA A s a TR o
5 Ao ou laivery B0 3 waz 6 Ao wu lwiUTENFHAINIUADAN Ni Sepharose 6 Fast
1 { =) Qd % 1 % % a

Flow %047 4 iy 7 An 1oy lwiuSgnivasriiunedutl Ni Sepharose 6 Fast Flow 11a28n3171-

= I 9 Ay . ' oA 9 a
NTHY FI¥09N 2, 3 1AL 4 §oUFAIY Coomassie blue FIUYFDIN S, 6 uaz 7 GOUAINTTY

P .
1o laysd (activity staining)

[ wAa d Y a
5. paanvazanave sy luium-nuanlndiaagnaay
= :; 1 o d FY a
5.1 firimanzanaemsmauveseulasiiud-nuanladaagnras
= a 4 9 a Aa J A
vinmsAnINnssuveseu ladiudr-nuan lnFinagnwauifieya1e Ao
a @ Jd 2 ] J
arsazarwosFasnIives Wex 4.0-6.0 arsazanevoamativivos Wew 6.0-8.0 @15azaie
Y J a o 1 v
Filosnsa-lelaslsa oy 7-9 waziewsering 9.0-10.0 ldarsazawinmes lnadu-
4 1 1 o 4 a
Tyidenlaason lag w1 feslinadomsmsiauvesen lsiiudr-nuanlaginagnud

aauaaaluaini 20



50

100

20 .\.\:\

0.0 1.5 3.0 4.5 6.0 7.5 9.0

Relative activity
(%)
N
S

pH

~ a a = oA ll 4 Y a ‘
AINN 20 DNTNAVDINLBTADNINITUUBIUDY G]ﬂJL‘UGIPﬂ']LLﬁﬂIﬁGMﬂﬁQﬂWﬁM Iﬂﬂ( )

dsazateesdmasniiiles; | | (M) arsazareneamaiinules; (@) masazaratiinosnsa-

laTaslsauay (A) arsazareinmos lnadu-Tmaeylaasonlae

' 4 Y a ° Y 1
pan1anaassnya oulydiudr-nuan Tadaagnrauiiaulaalugis
=1 aa 4 1 S 3 AR [ 1 dy o
9% 6.0-8.0 HnaNIIUVUIU lwIWINNI1 70 1ofiFud ¥redenantmuzanlunsii
@ Y ' 1
o Tyt 115 I unsgeenan Taalununazv1auy (Maciuaska tazaaiy, 1998) Tagioyhn
) o o"dyd & Aaa 4 ~ 1 1
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4.5 09 8.5 (Vetere 1102 Paoletti, 1998) 10U lwiliudr-nwan InGiaagnuauain L. reuteri L103
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<3 o 4 a
uag Co’ namnsonszaumsiiuveseu lydiwdr-nwan Iadaan Thermus sp. A4 A0
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v Y
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Relative activity (%)
looouTany anututuvedlooouTane (Haa luais)
1 10 100
liisileouTane 100 100 100
Na' 162 165 170
K 141 175 243
Ag 0 0 0
Li’ 140 152 207
Mg 213 234 273
Ca’’ 124 110 94
Zn’ 65 10 0.28
Mn”* 287 191 142
cu” 0 0 0
Co”’ 282 245 85
Pb” 30 2 0
Fe 262 61 14
Ni*’ 244 156 27
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v 0.22 luTasas
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1. pGEM®-T Easy Vector IaeuuandAyacil

names 115AuaNnsgIuNas DNA maker

4
% %

g

Base pairs

T7 RNA polymerase transcription initiation site
multiple cloning region

SP6 RNA polymerase promoter (-17 to +3)

SP6 RNA polymerase transcription initiation site
pUC/M13 Reverse Sequencing Primer binding site
lacZ start codon

lac operator

beta-lactamase coding region

phage f1 region

lac operon sequences

pUC/M13 Forward Sequencing Primer binding site

T7 RNA polymerase promoter (-17 to +3)

88

3015

1

10-128
139-158
141
176-197
180
200-216
1337-2197
2380-2835
2836-2996, 166-395
2949-2972
2999-3
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¥mnl 2008
17 1 1 start
Scal 1820 \Nael 2707 Apal | 14
) Aatll | 20
1 ori Sphil 26
Bst 2l 3
Eccil 37
stLl 43
Amp' . Matl | 43
pGEM*-T Easy  jacZ Sacll | 42
Vector EcoRl | 52
{(3015bp)
Spel o4
EcoRI 70
Motl ir
Bstdl Ir
_ Pstl 86
o Sall a0
MNdel a7
Sacl 105
BstXl |118 3
MNsil 127 o
141
T sps _-E-_
TF Transcription St

TGTAA TACGA CTCAC TATAG GOOGA ATTGH GOCOG ACGTC GCATG CTCCC GGOCG CCATG
ACATT ATGCT GAGTG ATATC COGCT TAMCC COGGE TGCAG CGTAC GAGERG COGGC GRTAC

T7 Promater | | I | | I
Apal Sl Ephl Be Mool

GCGGGE}GGGGMT(ZGATT?(M MI]E ATCAL: TAGTG AATTC GOGGC QGCCT GOAGE TOGAG

o o

CECCE GOGOC CTTAA r;u‘::m TTAGTG ATCAC TTAMG COCOG GOGGHA DETCT AGCTG
ANEE A WL AN sy
o 1/ |Ece Sl | Ecoml e 1] Zal

5P Transoripton Star

CATAT GOGA GAGCT COCAA COUGT TGEAT GUATA GUTTG AGTAT TCTAT AGTGT CALCT ARAT . T
GTATA COCT CTCGA GRGTT GOGOA ACCTA COTAT CGAAD TCATA AGATA TCACA GTGGATTTA. &

| ] | | | | Promal
Hal Eacl Bt Hsd e "

N 31 URUNINYDY pGEM®-T Easy Vector (http://www.promega.com/vectors/t _vectors.htm)
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2. pMY102

Multiple Cloning Site Y93 pMY 1102

Bgl2
Hind3 Kpnl |
Fspl | Xhol EcoR1l BamH1l Accé5 | | sall
|

ACCGTTGCGCAAGCTTCGCTCGAGGAATTCGGATCCGGTACCAGATCTGTCGAC

1 --------- +-------=-- +-------=-- +-------=-- +-------=-- +----
TGGCAACGCGTTCGAAGCGAGCTCCTTAAGCCTAGGCCATGGTCTAGACAGCTG
from OmpA T vV A Q A S L E E F G S G T R S V D
SpAcc

CACCATCACCATCACCATCACCATCATCACCTCGACTACAAGGACGATGACGACAAGTGA

————— B e e e I it thall R S A P
GTGGTAGTGGTAGTGGTAGTGGTAGTAGTGGAGCTGATGTTCCTGCTACTGCTGTTCACT

H H H H H H H H H H L DY K D D D D K * FLAG >

A5 16 MUKHUIVDIANHUSNAYVOI pFLAG-CTS

FLAG-CTS Features

MW-2b-Zequencing FPrimer 1,26
Binding Site

tac Promater 39-99
facC) 73-93
Ribosomal Binding Site  [100-105
o, 12-174
MCS 170-207
FLAG tag 205228
C-24 Sequencing Primer |255-278
Binding Site

TUT2 terminatar 286-B56
p-lactarmase (amp’) 755-1612
pBR3IZ22 ori 1820-15349
fl ori 2B03-305R
lac A744-4526




91

pFLAG-CTS (5.4 kb)

RBS | ATG  OmpA FLAG STOP

Ptac

amp

C-Terminal
lacl pFLAG-CTC
pFLAG-CTS

pBR322 crigin

f1 origin

NINA 32 UNUNINUDI pFLAG-CTS (Sigma, USA) (http://www.sigmaaldrich.com)



3. High olecular weight maker (GE Healthcare)

HMW-Native
HMW Native (66-669 kDa)
669 -
Thyroglobulin (porcine thyroid)
440 -
237 - Ferritin (quine espleen)
140 - e Catalase (bovine liver)
Lactate dehydrogenase (bovine heart)
66 — v Albumin (bovine serum)

kDa

669

440
232

140

66

NN 33 UNUNINVYDY High molecular weight maker (http://www.gelifesciences.com/aptrix/

upp01077.nsf/Content/Products?OpenDocument&moduleid=40404)

4. PRO-STAIN"" I (iNtRON Biotechnology, Korea)

kDa
— 115
| — ()5
o | =———p1.5
| — 46,2
o | —37.8
-_18.5
- —

Apparent
PROTEIN MW (Da) COLOR
Myosin 198,000 Blue
B-Galactosidase 115,000 Blue
Bovine serum albumin 90,500 Violet
Glutamate dehydrogenase 61,500 Blue
Ovalbumin 46,200 Blue
Carbonic anhydrase 37,800 Violet
Myoglobin 26,000 Blue
Lysozyme 18,500 Blue
Aprotinin 9,000 Blue

AR 34 LHUNINUBY PRO-STAIN' ' T (http://eshop.intronbio.com/index.php?var=Good &

Good _no=362)

92
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5. 1 kb DNA ladder (New England Biolab, USA)

Kilobases Mass (ng)

4100 42

8.0 42

G0 &0

5.0 42

— 4.0 33
3.0 125

2.0 48

1.5 36

— 1.0 42

— 0.5 42

AN 35 UHUNINUDY 1 kb DNA ladder (http://www.neb.com/nebecomm/products/ product n 32

32.asp)
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ABNUGIMINURUEININTTN

1. msadadludinaaomelaely NucleoSpin® Tissue (MACHEREY-NAGEL, Germany)

v
a | =

Y
4 a ana
1. 1[eaa L. bulgaricus TISTR 892 1ue111511a7 MRS 151105 5 Hadaas vun
a ~ I Y = Y a ua.:} ) A A
gavail 42 esmuwarted unarwau luann: 1¥eendnu vniminuaiiGon 1-5
A Aaa 1 an 4 Aa aa o Yy { P
Haaaas laluvaea lulaswuasiasuuia 1.5 Haaaas 1 lddumdssanaznaumadan
< 1< = ] Qy
A211157 8,000 x g 1Tua1 5 wn maulang
4 1 A A 4
2. AYATAZNDUIYARAIAITAZANHTNTLHIN Tris-Cl 20 1ad a1 EDTA 2
a A 4 s 3 4 A Aa o 1T A aa a
Haaluans Trition X-100 1110515 ua uag lysozyme 20 Haaniuasiaaans Usuias 180
a oA ~ | ~ & a . a
TuTasans dun 37 osmuwa@ed 111981 30-60 W1 91NUUAY Proteinase K 25 TuTnsaas
oA o . o 1 Y M 1 1 I 09./’
UUN 56 IUNTENI lysis ANVl (0619108 1-3 F2T19) Tu321I19UW vortex 11 UATIAT1
a Aa a o 1 A aa A 1 { a 3
3. 11 RNase A (20 Jaansuaoiaaans) 20 lulasans uuﬁqmw{]uﬁ’m Wunan
=
51
[ ] 9 a &Y 4 a
4. vortex @13a2a18919819 uauANTIsazaredviies B3 200 1uTnsans vortex
1 oA =1 I = Y
DNTUUTIALUNN 70 o9FniyaIdee 1714907 10 WIN 1A2 vortex
a d 3 < 1
5. BNPNTUOA (96-100 11/D31FHUA) 1A vortex DEIITULIT
) g 1 v . ® . o . Y
6. Masaza1ealeg1eld NucleoSpin Tissue Column 901U Collection Tube 11U
= ~ < I =1 Qy 1 A Y] 4 1 [ d 9 =} a
H289NA159 11,000 x g WUa1 1 W10 MEIUNEIUADENY LazADA AN LD LAY
N o s A y A A < 3
7. @uasazaetilesBW 500 luTasansdumileanninusa 11,000 x g iunan
~ Qy 1 A ] 4 1 o d 9 A a
1 1N MEIUNAIUADANY LAZADADAN LIV UH LD UIAN
A o o a y A A 3 g
8. anasazaretiviesBs 6001uTasansumieanamsa 11,000 x ¢ Wunan
)=} Qy 1 A ] E4 1 o d Y A a
1 1N MEIUNAIUADANY LAZADADAN LIV UHIDUIAL
y A A 3 3 A A o W A A
9. YunIBaNAMW57 11,000 x g 1 WUNIA1 1 WIN BR1IANIUANHAD
] . ® . 1 any < a aa
10. 41 NucleoSpin Tissue Column lalunaea luTassuasidvuia 1.5 Tadans
a o o VoA = 1 VoA a9 I~ A o
wuansazaielies BE (ui 70 asrarseaney) ungavgiveuilunal 1w u

A A = I ~
HIINANNLII 11,000 x g L’]Jl.ll,’m1 1 9N

89
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<
a a g

2. MIMANMINTUIAZANNUIgNB V9IS B AelH Spectrophotometer
A o v Y9 o S o
RevNasazawanuealeinlannleoou waulddinu aniiuildsans

: 4 Y 2
qanauuaainNueInay 260 uaz 280 w1 luwas Iagldin/sweinlooewilu Blank

= =
VUNNAANDAULLE

U

1A

<] [ aa . -
anuauduvesdiowe (lulnsnsudeiiaaans) = 0D, x 50 x dilution factor

' < ] 1 A Aaa
Tag OD260 1 18 A TsazasaBUelaNuTNTUmINY 50 TuTasnTunolanans

a = aa ODZGO
ANVUITTNTUNADULD = ————

280

J H Y
Tasarmwusgnivesadueiiozii l 1§l uduneuse Tarsegluse 1.8-2

3. MINTIABVVINANBUEAEIBI0atan N3 I WSFa (Agarose Gel Electrophoresis)
Q'J o I~ & o
1. %9 agarose (Promega, USA) 0.3 wazshl¥iluansazaredearsazaretivlivles
0.5X TAE
o 4 4 <
2. iimsvasudouaiodluIasl dievasuruaudl seldiguasdszuia 50
Y
DIFIAAIToA 91NUUIAL ethidium bromide 1% laaududugamominy 0.5 luTasnsude
a  aa Y I o 9 Aaa a 9 @
Haaans waylmanu taanmaadlunia (chamber) VodgaRaoLanlas IWisFansouny
@8N (comb)
3 X o
3. 5o 1dmands lgailszunani e Tu
1 = ~ ) Y 1
4. Avgs) AavIeanaaa 1nawa l1easluaia masazaie 0.5XTAE 191w
199
a g @ Il Y @ J . 3 1A
5. wauasazaeARweAlIg 1R Uasaza1elines 6X loading 91nuld AOY
1920819082 1 kb DNA ladder (New England Biolab)
[ 1 3 ad a [ 3 d’ 1
6. anene Isznieinvesgaasian Ias Iwisganuinveuniosnis linszuans
2 Z y o P
ndravldduan etenuauaduedlenszua T 100 Thad

7. 11® bromophenol blue 1aeu# 1'% 1991nvova19veARa TatnToase vl

A a g Y A
8. G]i’Ji]f‘ﬂi!i’ﬂﬁL!ﬁﬁﬂlﬂﬁlmﬂmﬂul@ﬂuwﬁjﬂﬂi%’mﬁ@ﬂ Gel Document

4. msanandweeand1Nalagly Gel/PCR DNA Fragments Extraction Kit (Geneaid
Biotech, Taiwan)

% AaAa v a Y I~ A A )
1. mmamwumummmaumaaﬂi]mma1wumu1ﬂgaﬂﬂaammﬁxa1ﬂ Hlia

@S 300 Haansy) ldlunaea lulassuasiitauia 1.5 Taaans
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2. duansazatetivivles DF 500 lulasans udamanIasld vortex

3. UNNQUHUYN 55-60 DAFIBAITHA Wuna 10-15 Wi wieaunIzNIaazaiy
nua TseHINLUAITIVIaoANNe 2-3 UIN

Y <3 =< a9

4. 5ol azmoNauIIUINDIQUNYITDY

5. 719 DF Column U Collection Tube YU1A 2 Uadans

6. 1158z a18610819910995 ladaslu DF Column

7. Y1899 14,000-16,000 X g 15 u1a1 30 Ju1i

Y

8. measazatslu Collection Tube 14 1182919 DF Column ndv 11§11 Collection
Tube 1AL

9. iuasazaetivivies w1 Usuias 400 lulasaasaslu DF Column

10.1mM389114,000-16,000 X g 11381 30 F119

Y

11. mansazarelu Collection Tube 114 1142919 DF Column ndu'11/§a1u Collection
Tube 1AL

12. @uasazaretiniles wash 51103 600 luTasans aalu DF Column

13 o9 14,000- 16,000 X g 1@11381'30 317 udamansazaialy Collection

Y
Tube N4 1142719 DF Column na1 118914 Collection Tube 1011
y A A 3 A A o ] v ¢ Y

14. TumI89114,000-16,000 X g tHuan 3 Wi e lineauiiuds

15. 111 DF Column lmsvuviaona lulassuasiiduua 1.5 Jadansnaoa v

16. hud1sazatetivhnes Elution U5u1935 20-50 1u1asans ansina1uod DF
Column

QBJ} Qy 9 ~ A o . o o 4 .
17. 97413 2 11# nT9UNTZNT matrix gnFUaIsaza1etives Elution

4

18. flumieainnmuisi 14,000-16,000 X g iilunan 2 i ivessediduousans

S Y 0 ¢ ¢
5. m3lnauduauAswenlao1nmsmsmiide1rs (PCR product) Meames pGEM®-T

Easy
A v v . o e
5.1 msswennelaalda1sazals 2X Rapid Ligation
y a s ® A q 9
1. Yumlesanvaeanames pGEM®-T Easy 1ag Control Insert DNA (i 11
Y 1
WidesogNnouraon

1 J
2. vortex 81582818 2X Rapid Ligation 0619159 uazmienesnlsznoulu

aaa A’ 1 U dy
‘].]j;]ﬂifﬂﬂﬁlﬂf@ﬂ@]ﬂﬂﬂﬂ
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Standard Reaction Positive Reaction Background Control
Reagents - - -
(luTasaas) (luTasaas) (luTasaas)

2X Rapid Ligation
Buffer, T4 DNA 5 5 5
Ligase
pGEM®-T Easy ( 50

1 1 1
mluniv)
PCR product X - -
Control Insert DNA - 2 -
T4 DNA Ligase (3

1 1 1
Weiss units pl)
Ysulsnasdaeni

10 10 10
Usrrnnleoou

a Qy v = Ay ¥ o A o A 1
TasdSuasudiudouwen ldannsmsiiidens (PCR product) 1oz ldlu

Ugnseensasiua ldanauns
ng of vector x kb size of insert
kb size of vector

x insert : vector molar ratio = ng of insert

3. wawlgnson Tasmsthala Uilgasendi 16 esewadod iune 16

SRR

5.2 Msgalo U UgNNaNAIG competent cells
< aa A
1. 1938101115139 LB/IoWEaau/IPTG/X-gal
y d' tﬂ' Y aaa 19 a aan d' 1

2. Jumdsame Inlgnseanegnunasa annaualgnsensyensaslu

an P ] dy 9 a a 9 cy I~ 1
vaen luTasauasvndumsaingendilsuas 2 lulasaas udreumihuds druvaen
auguannaraialigndalsma 0.1 uTunsy

J o s
3. 909 competent cells UMIAIIUNIZIIAZY (U3zaa 5 WIN) wawswad

v 2
Taams lFHumziung
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4. @ competent cells 1511035 50 luTnsans lildlunasado 2 sndusiaes
Y Y
AR 1Y competent cells U51as 100 TuTasaasaniiuldiumzrasamig uazinou
J e g ~
Mg ailunal 20 W
o [ [} 9 oA = I~ a ~ [l
5. ihmanaalv81991nd0 4 liind 42 esrwadoa 1dunar 90 Jui la
Y 1 3 9 1 3‘ <= = =
doaed miniudevaoa lugluhudeivuiidunar 2 wii
6. 1anomMsvad LB alurasado 5. USuas 950 lulnsans sndunaoa
a a a Y o [ A [ A <
auguianliuag 900 Tulasaas ndnh lwaluaseswvdwuuaivguounginaius,
1 a I )
30U 150 59UG0UIN QunN 37 osrusarieoa (Hunal 1.5 92119
A dy a a = < aa A
7. @er01/511a5 100 TuTnsaas asnuasono1Msuds LB/ANNTaaY

[ Y v 4
/IPTG/X-gal 4a 11 11uui 37 esrnaiioa anniudadenIaTatinnady

6. MIIATEIN competent cells
dy 4 . a a aa o 1 d' ]
1. Ay £, coli Gl,um“ﬁﬁmm LB ‘]Jf.illWli 5 Uaaang m”lﬂmaﬂum‘smmm
Aaa < 1 =} a I
uuumuﬂuqmﬁ@.nmmmgm’mJ 150 99UNDUIN Qﬂ!‘ﬂﬂi] 37 ’e‘)qmmm%ﬁ Lﬂunmeﬁ’mﬁu
1 4 @ a aaa cs' ]
2. 018Lcﬁﬁﬂllﬂfl\1’éﬂ1’fﬁlﬁﬁ’3 LB ﬂilﬂﬁi 50 Waaaas WUS?@%U“II’J@E‘]J%MWJ“UUW@
a Aaa o [} 1 o dy 1 )\l
250 Uaaang Iﬂﬂiﬁl%ﬁmﬁ@ﬂN@ﬂNﬁ@ﬂ 100 (M LHLW1$LE1EJ\W]’EJ%‘L!ﬂizﬂﬂhﬂ1ﬂ1i@ﬂﬂﬁull’ﬁi
ANMVE1INAY 600 1M1HV 0.2 - 0.5

) any 4 [~} =~ 9 dy o
3. Lﬂ“l"ia’é]ﬂvllliﬂ'ﬁl,c]fu@]ﬂ/\l'lﬂulﬂlﬁlﬂﬁlu 20 AU ALKYE DUNITLIAYILAD X
< [l

Haaans ugviaea lulassuasiig X vaoa

' 4 A A 1 Aan 4 A Aaa 1 09; <3 ~
4, LL‘]J\TL‘?)’ﬁﬁLL‘UﬂVILﬁﬂiﬁiuﬁﬁ@ﬂl%’u@ﬁﬂ')’ﬂmu’]ﬂ 50 yaaansg ‘]Jllcl,HHTLHN 10 4N

o et o A a = d 1 M <
mumaumnu"lﬂmﬂ UK 4 adflalyaaliasiyaaniISLUUMIVINaDALIAN

U

]
= a

o y S < 1 =
5. m"lﬂ‘ﬂum’Jﬂa@mmﬂ@uwaaﬂmmw’a 3,000 F9UADUIN QAUNHN 4 B3I

~ I =1
e 15una1 10 U
, 2 o o 4 P VA
6. maulanaazidaomsasusadesn livuamndu 11§
Y o o AQ P-4
7. azaneaznouraaagasazaretvlimes TSS (ManuIn n) Mau 10 1o idud
991351103 NT U89
1 P [ an P < {
8. uiensuIuaesan 1dlaluvaea lu Tasuasiiameu (9o 3.) waznu13n —

80 DA ALY
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7. msananaraialagly PureLinkTM Quick Plasmid Miniprep Kit (invitrogen, USA)
1. dwuanGen 1-5 daaans ldluvasa lulasmuasiituuia 1.5 Taaans

o y { s < & \ 2
Ml umIsannazneumadnauis 12,000 x g 1iunan 1 Wi manlana

JY @ J A a a
2. azangaznouaanleasazatetlines R3 Ni RNase U5u1as 250 lllljﬂﬁﬁﬁi
a @ J a a o
3. auasazatetvules L7 Usung 250 Tulasans wauwng Taemsnaduvaea 5
g A Yy o 9 v 1 A4 Ay g 29 A =
A5 eraN TN ¥ vortex HAIUUNYUH YU D a5 N Hunu 5 un
a @ J a a
4. @uansazanetiniiles N4 a%1u61§ﬁ$ﬁ18%€l 3. 1511035 350 "laﬂmam Llé}’l
o = o 3| dy =) o Y a =1
NAUHARANNUNIUNTEIIEITaz N T HBIAEINY HINNUW 5 WIN

o )

y A A < I~ a
5. thansazaenanii Jhumleenauisa 12,000 x g iunat 10 Wi
) 1 d' Y 9 1 . Qs: o
6. thawulan1dande 5. Taaalu Spin Column 910171191 11/21904 Wash Tube
YUIA 2 Haaans
) y A A < I~ ~ 1 A ] o’ay
7. % 1 HuwReaianus 1 12,000 x ¢ Hunat 1 Wi mawiruneduingay
(% Jd W [ A a
19a98u1InaY 11J§a Wash Tube (milpua
a Y] 4 { % o a a
8. e sazarevivos wo alitonmiueaad lluaedusl Usuas 700 lulasans
) y ~ ~ < I~ ~ [ A % e’ay
9. 11 TP uAe9I A5 12,000 x ¢ 1Wunal T WiR marunmuneauineiay
[ J @ v A a
Taneduinay l1ds Wash Tube iniipuia
o % Y ~ ~ < I~ A A o W [l ~
10. Thaeau lumMIsanaW59 12,000 x ¢ Wia 1 117 ieMdaaum
= @ J Qy
wanvna1sazaretios Wo tazng Wash Tube
an J Aa aa {
11. 9749 Spin Column UuHaea I 1ATEUATHIZVUIA 1.5 Hadansnazeln
Y
12. wnrhdsan lessndsuias 70 lulasans aanseana1aved Spin Column

2 gy A A Ay
13. 'J'NVNII'J 1 UM NYUH U0

G

o y ! ! < < 3 PN 3
14. 1 T useanau5 7 12,000 x g Wunan 2 i fazlanaraiiafoue

4

VNS

Y do o
8. msméfamau"lmummmw Bgl 11
a 1 1 dy an A 1 4
1. maJ’muﬂszﬂa‘Uma"l,‘lJuaﬂuwa@ﬂ”lﬂmmumvhwwmmimu%uéjmag

g’ < o w Y J
INUHUTLUN ATUATAY ﬂ\‘lﬁ

Y v Y
1nauilaoao 15.7 lulasans
10 1 e 2 luTasans

aoue (1 lulasnsude lulnsans) 1 luTnsang



101

o

d o a
o lyddad g Bel 11 0.3 luTasaas
Y
warulhaniu Tagls)aieiunznng

o . A Y QBJI Ay
2. ‘Ll'lhlﬂ spin down LWﬂﬁlﬁﬁ'ﬁﬂ\?W‘Mﬂ@]ﬂhﬁlQ“I/Iﬂu‘l’ia’f]ﬂ

o VoA a = I )
3.1 hildufigavgi 37 esrisaded Wunai 3 $21ua
a ~

A aaa ) Y 9 A
4, LiJf]ﬂ‘i‘]JL')ﬂ'l?iq@‘]Jj‘]ﬂ‘iﬂ'l Tﬂﬂuﬂﬂﬁlwmmmuﬂqmwﬂu 65 DN WY

U

a9 o Y o Aax ad ~
20 HTTILLa’JLlUJW]i'Jﬁ)ﬁ?)iJﬂ?EJVIT'J‘E’E)gﬂ"lTSfTLﬁ]ﬁ@!ﬁﬂI@]iIWli%ﬁ

AN g & A a I~ [
wanenwg Tunsaindunamesiiusuaniu 5 m

Y] dos o
9. ﬂ15ﬂﬂﬁ?ﬂ!9uu!"ﬂ3~lﬂﬂinlw1$ Xhol

S 4

k4
1. mmmuﬂszﬂa1J@a"l‘]Jﬁaﬂuwam"lﬂﬂiwummwmumsmwﬁaué’maz

Y Y
NRUUILES sy Gl

Y v Y
1hndulasaio 15.85 luTasans
10 1 1es 2 lulasaag
avwo (1 lulasnsuaelulasans) 1 luTasans
do o a
ou laidad unig xnol 0.15 TuTasans

E2
wan 1 Taglslaretunzinneg

19

o A 99 o ~
2. Lﬂll‘]J spin down LW@iﬁﬁﬁVI\iﬁﬂJﬂ@ﬂN?ﬂg‘ﬂﬂu‘ﬁﬁ’ﬂﬂ

a =

) oA 1< )
3. il dufiguugd 37 osawaidod 1unan 3 9 Tug

U

A aaa ) Y Y A a =
4, LiJE]ﬂ‘i‘]Jl,’mﬂ’iEJﬂ‘]J{‘]ﬂ‘ifﬂ Tﬂﬂuﬂﬂwmmsauﬂqmwm 65 DN WY

£l

A 9 o Y o Aax ag =
20 uW]!La’JuHJW]i’J%ﬁ'EJUﬂ’JEJ‘ﬂTJ‘ﬁ@zﬂﬂit’fli]ﬁ@mﬂjﬂ‘ijﬂﬁ“ﬁﬁ

10. Colony direct PCR

v A J J ) Y ad . =)
1. Ao NNIUANBUNUNMIBY lacZ AI8TD Colony direct PCR Tagiason

4 [ dy
p9nsznouAall
10 i sazaeiivlivles 7aq Nilwen Tuisudame 2 luTnsans
A A o A Aa o 1 A aa a
uuniiFeunan 158 100 HaansudolNanans 2 luTasans
foondiinnalon laseaanay 10 Haaluans 0.6 lulnsans
Twswos 20 lulasluars odeas 1.5 lulnsans
Y
1151910 levou 6.4 lulnsang

DMSO 1 luTasans
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v Y v
2. pick TnTafimerasldazareluinlsieainlossuilsnas 20 lulasans Heglu
an S [ dy 9
naoa lu-Tasuas s nd UM Id 1T
3 e sazaenauande 1. Usuas 15 luTasaasnauduaisazaonauInNto
a a 3 o oA ~ I = 1 gl <
2. 151103 5 TuTasans mmiuir luun 99 esrsaEea 1Wuaat 15 Wi usliniwudawas
spin down

Y
4. 19300UANTATANINTUAIL

10 i sazaeiivlivles 7aq Nilwen Tuoudamea 1 'luTasans
~A A o a Aa o 1 A Aaa a

uuniieunanlsa 100 Jaansusolanans 1 luTnsans

Y

11l51ee1n leeou 7.8 luTnsans

ou' I 7. ag DNA polymerase (Fermentas, Lithuania) 0.2 lulnsang
4
5. A sazatenannve 4. ad 1l luasazartenanlude 3. 91mIU spin down

o ! z Q‘ a < v J
wa1iudn30d Thermaleycler PCR Tagda T sunsulumaiing/suavesdnwedil

Initial denaturation 95 paR AT 5u

Denaturation 95 PR UFALTEd 30 IUN

Annealing 55 e usTed 1 Ul 35500
Extension 72 odFalseE 3 WIN

Extension 72 o9faled 10 W

Hold 4 pealsed oo

@ < J 9 2 ' a g A A a Yy
6. ﬂﬁﬁ%WﬂLﬁi%ﬁNUEmuﬁﬁﬁi'Ji]’(,’f’é]UGUU1@ﬂlﬂﬂ‘]ﬂuﬁﬂu@mumﬂlWMﬂiNWﬂ!hlﬂ@')fl

3% ezmIsamasanlas Insda laeldesnmisana 1 nlosidud
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msrinimiinlana

Jd
1. Twaezasa ludwadidniasllisGa (SDS-PAGE)
) S a q( a 4 a = g} @ 9 an =) a
e lminTgniunnngmanuusgnitazimin luanade3s Inaozas

a1-luanasianTas 1WisFa @135 U049 Laemmli (1970)

1.1 msiiillumanindezasa ludnasidnTnsvisda
1.1.1. Monomer solution
m3en lagazane Acrylamide (Fluka, Buchs Switzerland) 60 EEIGE
Bisacrylamide(Fluka, Buchs Switzerland) 1.6 5% Tuihsieen leseualSinas 200 Tadans
a ~ < 119)

3 o T <] {
ANUUUITITAZANYNTDINIUNTEATHN TN Lﬂﬂq%iumﬂﬂﬁ‘;BTﬁQiuﬁﬂil 4 a3y ye LNy 1)

QU

15181521 3 1hou

1.1.2. 4X Running Gel Buffer (@3azaetimosnia-lalaslsd 1.5 Tuans

Wo % 8.0)
aza10 Tris-base 36,3 n3a Tuthalsienleseutsuins 150 Haaans
udl3ufioa i 8.8 drensalaTasnansndudu antulsudsinasiu 200 fadaas

Y H
areilsemnlesou nu13uiile gamgil 4 esmusadoa ity 13141805z 3 1heu

1.1.3. 4X Stacking Gel Buffer (@15aza1etivlivlosn3a-lalaslsa 0.5 Tuars
No% 6.8)

Y
A2a1® Tris-base 3.0 NN Tuihdsienin leeeudsuias 40 Jadans

9
walsunes il 6.8 drensalelasnaesndudu aniudlSulsuasiiu 50 Tadans @2

™=

Y v
wlsenleesu nu 13 uiile gungil 4 ssrwaidoa Au1314 IG5z 3 idou

. J 3 4
1.1.4. 1502218 SDS (Sodium dodecyl sulfate) 10 1Wosisua
¥ Sodium dodecyl sulfate (SDS) (Fluka, Buchs Switzerland) 10 N5u
azanelninlsemn leosuilunas 100 Hadaas Ao luiguvgiives Au131% 18 sz

QU

A
6 AU
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1.1.5. msazasen Tudleulessama 10 wosiGua
%9 Ammonium Persulfate (Fluka, Buchs Switzerland) 0.105% azaelu

oy a a aa =~ [N 9 eaj < Y A A
wlsen lesou Usuas 1 Hadans wsenlnineuldmnnsa muliluniia

1.1.6. 2X Treatment Buffer

Y
w3ou lagNaNaITaza1en1ee) Al

Stacking Gel Buffer 25 daaang
10% SDS 4 Jadans
Glycerol 2 daaans
Bromophenol blue 2.0 Uadnsu
Mercaptoethanol 0.002 N5U

9
Y o

Y 1
nniudfuilsuaniu 10 Hadaas areilsiaanleeou iu13un

a <
gaunil 20 osadea iy 1319 185w 6 1Aou

1.1.7. Tank Buffer Wo¥ 8.3

= U 3 dy
wIeN TAoNaNEITA9E) A9l

Tris 3.03 NSU
Glycine 14.41 N3
SDS 1 A5W

Y
Y o

Y
nntulSulsuasiu 1000 Tadans areilsieanleoou fu'ld

Tuigamgiweunu 1319518 szana 1 Hou

Y
1.1.8. Staining Solution IATYUEITAN ] A4
G ] [ dy
Lﬂiﬂﬂiﬂﬂwﬁi\lfﬂiﬂﬁﬂ FNU
Coomassie Brilliant blue R 0.125 NS W
methanol 200 Uaaang
acetic acid 35 Haaans
Y
Y o

Y
nnmiudfulsuasdu 250 aaans areilirranlessu iu'l3

Tuigamgiveunu 131918 Uszana 6 fou
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1.1.9. Destaining Solution I
v
w3ou TAUNENEI1TA199 A9
methanol 400 Haaans

acetic acid 70 Haaans

Y
14 o

3 ] a 3 a aa <
nulsulsuasislu 1000 Haaans drevilseanlessu niuld
Tungurigiivos
1.1.10. Destaining Solution II

=} ] % dy
93o TAUNANAITAIS) AaTl
methanol 50 Haaans
acetic acid 70 Haaans

Y
Y °

9 v
nnfulSulSuesidlu 1000 dadans aaeilsannleeou iyl luiguugies

1.2 35msnaasa
° ' Y Y o v v A Y A A
1. WuHunsZININsznounaeny TasAuae spacer LAHHUAINTHL
Y 1 oa/} = oy <3 A Vs =\ 1
Tisiu nntdu@ninlssn loseuas llsu@u easiagianie i

) Q. 1 dy
2. Lﬁiﬂi]ﬁW‘iﬁga'lﬂWﬁiJ@\?ﬁWiN@]'E)U],‘l]Ll

A1519%0 17 @911U52n0VV04 Running 1A stacking gel

paf1lszney Running gel 12 % (Waadns) | Stacking gel 4% (Wadans)

Monomer solution 12.5 1.33

4X Running gel buffer 7.5 -

4X Stacking gel buffer - 2.5

10% SDS 0.3 0.1

DIH,O 9.6 6.0

10% Ammonium Persulfate 0.150 0.05

TEMED 0.010 0.005

a g o w a 1 { ]
nnanna 1. 10% APS uag TEMED %mmﬂumﬂm’mﬁjwiﬂﬂlﬂuﬂauﬁ%mma ANUUUNU

sznou
3. l9tulagadisazatondn Running gel 12 % ldaslUnyuueamunszan

9 Y v ]
Tdqunilszina 3/4 vewrunszan niniudes wnihilsannloesunauasliivesy
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a 9 Y <] Y 3 1 3 o ~ Y 3' o 3‘ A
AmtalvGeuawdy solvimaduauieddszinmu 45 Wi uauntieenuazsuiim
1ADOYAIINTZATHNYY
4. AENTAZAOHEN Stacking gel 4% ldaslUNynvewwmunszanaulsu uda
@ound e liinaY¥ouAudiegania Sepharose gel 5% (stacking gel) lagseIeodrlvil
4
a S o = 1 ) 1
Wesomamnavuudy selvwaudedszinm 45 wi udrnesq Aeridesn 111Ul chamber
aad A a
voayAdLan Ias 1Wis-Fauazifiy Tank buffer
5. ldded1eaNHauiU 2X treatment buffer 1187 a4 luvoududI0619
1 ad a o 4 v 3 { A A
6. aogadtan Ias Iisgatnnumsestionszua Il Tasaenszuai 30 Jad
s o o
wounls Hlunan)szunm 3 1 lus
A o d' a =< 9 v
7. 11lo@v09 Bromophenol blue tAdouf l)audsdruaisvesveua
8. Uarnsesienszua Wi udniurueaseninnszan tieldasinvuia
Tay
8.1 m3doud1usanlunadie Coomassie brilliant blue R-250 1ag
9
g .. . ' a 1<
8.1.1 1Y Staining Solution 1¥nutwa NeAidunartudu
Y
812 ANFaUIAYUBDNAIY Destaining Solution I U413 30 117
v Y
8.1.3 d19deUnUNia0AI8 Destaining Solution 1 110417 1
) A 9 A Ao
Frluerseawoonauuou ldsaunvanu
9 a L4 . .
8.2 M3dounnssueu el (active staining) Tag
82.1 1nszAEnIodguadluasazaty  4-methylumbelliferyl
Y Y 4
B-D-galactosidase  UHIIUDIMISIWNIZ@EUFD 1A 19a9asUUnTEAIEnToITiY  nath
d'l = [ o Y a A
nszAEnIoIng lumsazaemeInunaiualsuudni
) oA ~ 3 ~ 3
8.2.2 W luud 40 esmuzaFon 1Wunar 30 Wi Mntiunga
aaa a % 4 @ 4 =\ )
Ugnson Taeduasazaetivies lumsveativiies W 100  uwazthliUasivaen

a 4 9 A 1
ﬂi)ﬂiSmlmmuhlmumﬂimﬂimﬁm uv

2. MMelAaNIZEITNIIA (Native PAGE)
= ] = o = Aa 4 ad a ] VY
w3suasaeIny Indezasar luanadan Ias INisSa (SDS-PAGE) ua ludoq

Imsdy sps asldludunaw
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nsw\lmmgmuazmﬁﬁmam

1. msm’?zﬂunﬂwmmgmmm oNP

= Aaad U 1 dy
ﬂﬁWﬁEJﬂJﬂﬁWil"miﬂ"llﬂlﬂQ oNP EJ’J‘ﬁﬂ"IiﬂW]’f)ll‘]Ju

1.1 a3l
1.1.1 msazameweaativies 50 Jaaluais Weow 6.5
AFMIATIN AIUNIANUIN N
1.1.2 msazareTm@euasuema 0.4 Tuais
AFMITATON AIUNIANUIN N
1.1.3 §199281Y o-nitrophenol (oNP)

Stock solution T: %1 oNP (Sigma, USA)  0.0118 n3u aza1ede
arsazaeeaaiivivles 20 Taaluars Moy 7.4 YSuas 25.00 Hadans Uanududy
M1 3.40 Hada Twans

Stoek ‘solution/TI: @ADIN stock solution 1 W1 3(0” Haaans UAAAN
arrazateeanlativines 20 Tadluard Moy 7.4 15065 10.0 Tadans v ety

gamomiiy 0.785 iaa luans

d
1.2 38R
y ] 4
QAA1582a18 o-nitrophenol NIMIIBINAIWATazaevodaivlines 20
a a o (] a a 1 any 4
Haaluais feas 7.4 sdnamunzay USuas 500 Tulasans lalu'lulasesua3iag (blank 149
o 4 % 1 L4 Aaaa = o
msazaevlealativlesunudediuou o) ngalfnser lasarsazarelandounsvona
14 a a ) 1 1 4
04 Twars 15was 750 ulasd@as  sdnihllerwmmsganduuasdienies UV-
. ® ™ = A Yy o
Spectrophotometer (Spectronic  Genesys , USA) NA081IAA Y 420 luwas lanasinsg
A Y o 1 Ay a Y 9 o A o
18 udnhan 18 ldsunsminasgruanududuves oNP AuAIMIgANALIEAL AIITAS

lunni 36
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{ v o 1 o ) ! 1 ]
A5 9N 18 ﬂ'ﬂllﬁllwu‘ﬁ331’731\1?]31“!619]}%519]}1!51]9\1 oNP ﬂ‘llﬂ'lﬂ']'i@,ﬂﬂaullﬁﬂﬁﬂ31“313?]51!“7]

420 W TUINAT

Usuag . ANIGANAULEINANNEIINAUT 420
stock IT oo | anududu
_ Hrlivlos o W Tumas
(lulnsdas) _ @aaluars) ra ra —
(TuTnsdas) F17 1 $1M2 | §M3 | Aunde
0 1000 0.0000 0.000 0.000 0.000 0.000
100 900 0.0790 0.066 0.062 0.064 0.064
300 700 0.2360 0.203 0.198 0.201 0.201
500 500 0.3930 0.338 0.330 0.334 0.334
700 300 0.5500 0.453 0.470 0.462 0.462
900 100 0.7070 0.594 0.575 0.585 0.585
1000 0 0.7850 0.669 0.645 0.657 0.657
0.60
040
8 y=0.8359x
020 - R’ =09998
0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
ANUTNTUUDI ONP (mM)

MWD 36 NTINWIATFIUVDI ONP
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1.3 msvinanssuvaaoulasl
1MNT AT M09 oNP 32 IderunT y = 0.8359
Tag y Ao AmsganauudInnueInay 420 w1 Tuwas
X A9 AU U9 ONP (Haa luais)
o Y 1 . 4 9 a A a
Mvuald 1 MU (Unit, U) voueu lsidiiud-muan ladae Ao USuiaves
P Y a s a Y} A o
U lsinildna 1 TulasTuaisves oNP 910 oNPG lunal 1 i meldaniizniinsg
NAADI

9
ﬁqﬁummmﬁmammﬂ%ﬂiﬁmamu“lcvﬁ"lﬁmﬂ

OoD,,, g 480+ 20 y 750+ 500 y 1
7825 20 500 min

Aanssuou o] (U/ml) = x dilution factor

2. Mgz linasg1uvelisdu (Bradford, 1976)
2.1 M5AN
Bradford dye reagent
22018 Coomassie-Brilliant blue G-250 (Fluka, Buchs Switzerland) 31434 100
Haansy 11 50 Uaaans ¥4 95% 1@N1Ua (Lab Scan, Ireland) 1N 100 Haaans Vo9 85%
% a I~ a g’ o <
phosphoric acid (Lab Scan, Ireland) Y5u1/51a518idu 1 das Arevihnaumny 1 luviadn
A Iy =~ ~ a gy 3 @ 4
msaza1ef ldianuadesgungivouiluna 2 dlav
2.2 95 9m5 2
1. dnlaasaneenasunng 0.1 iaaans laasluriasanaaos a1uvaog
o P [ 1 % 1
blank 1divliMosNnazarodiodaunud10e
v Y
2. 133 Bradford dye reagent Y51103 5 Hiadans asluuaazvasamwer danald
~ a gy I ~
Noumgiivieudlumal 5 un
1 1 A ~ A ) oA A
3. owAmIMIgANauLAINANUEIINaY 595 w1 Tuwas 1han 1d 1w
Yy 9 =
Wuduvea Tlsaunnn eI gIu
HIENTIR
- a
nimasguvesllsauasieulaslda15aza1o Bovine Serum Albumin

(BSA) (Fluka, Buchs Switzerland) 1911104144 0-1 Jaansuaeiiaaans unudiog1auasii
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ad 9 Y @ A Y o = Yy 9 = @ J
adsIun Tdnadsmsei 19 udnihluideunswlinasgiuanududuves Tsaunus
MIgANAUIAS Addadlun g 37
a ¥ o J ! Y 9 2w A A A A
MINN 19 ANVdNIUSIzHINANudNduvelUsAufuamImsganauaanaNueIAaUn

595 Y1 TuAs

AU UTUUDI BSA AMIANAULAINANUEIATY 595 U1 TUILAT
(Naansunolanans) H1N 1 17 2 17 3 ANNAEY
0.0 0.000 0.000 0.000 0.000
0.2 0.160 0.170 0.172 0.167
0.4 0.315 0.291 0.315 0.307
0.6 0.460 0.460 0.427 0.449
0.8 0.598 0.603 0.567 0.589
1.0 0.719 0.725 0.719 0.721
A
0.60 —
g 040 - y = 0.7355x
2
R =0.9977
0.20 —
A
0.00
0.0 0.2 0.4 0.6 0.8 1.0

AMUTUTUVDI BSA (mg/ml)

{ a 4 a
7NN 37 namlinasgiuaelilsauTaen13A 1 HA 1IN 13909 Bradford
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2.3 marfsanalilsau
nnnsuasguvesldsau v ldaums y =0.7355

Tag y v AINM3ganauuaannueInay 595 wlumas

[ 1

A Y 9 = a A A Aaa
x A9 ANUINTUYD9 1Y5Au (Vaansunouaaang)

9
v A

asoaalsua Tusauldaai

= a Aa o 1 A Aaa OD . .
Tsau (Waansumelaaans) = ——= x dilution factor
0.6558
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WIBIYY ATA

Mr. Witsanu Slira

9 nINgInY 2527

114/1 4.9 ‘ﬁﬁlﬂ’iﬂ@\?ﬂ@ﬂ éimaiuumu 1ne1IaY

PNIAUATTIFAN

o [ o =~ @ 1 o @ 1
dusamsanuszavisentlareainlsausouialng sunetialug
PNIAUATTIFAN
0o & = a a o a = aa v W
dusamsfAnelsyaimemansiuga Mesatouduay 2

a == a o
VB UNA TUIFININ AMLIFINTTUFNAATHAZNA 11 138
RATINNTIN UINEIasdAalng
= 1 [} a [ a a A
AnwineszaulT Yy wMITage @Iy una Tugsinm

a o,
AngIennasuendaiiagima lu Taggaamns su

UIneagaalng

v EZ 4 a 4
miﬁﬂmaﬂymzﬁmmmmu‘lwu B-galactosidase mﬂi}ﬂu‘ﬂ%ﬂﬂf@'ﬂ

]
a =

Y
gangiigenuen Idanndoimdounnhe

L] G U

a

M3 InauilaazmsuaainenvedduUd-nan Iadaaangaunso

WoURUNYNGI U Escherichia coli
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