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ABSTRACT

The conditions for #-galactosidase production from alkalophilic, thermophilic Bacillus sp. TA-11 were
investigated. The maximal enzyme production was obtained when the strain was cultured at 50°C for 5
days with fed-batch culture in the optimal medium containing 1.5% lactose, 0.6% veast extract, 0.15%
K.HPO, and initial pH 9.5, and then final enzyme activity under the above conditions was 5200 unit/ml
of cell free extract.
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B-Galactosidase( EC.3.2.1.23 )% lactosed] #1, de)e it a4 EBAYE Fd 5 gled ¥
4-galactose 2AHe 7briaiste] x93 galac 2| GA7} vl golaty 7o) SEs Y +
tosed A4k EAEA F3EUF(lactose intol- ste ol gl glo] Zalel o]E2] A o4
erance)(1, 2)&7b A 759 F3 AHE A 3 A7) s A= w oh(13-16). o} 2
AlA Fa %5 57559 59 2RSS WAy o] out w]Eo 23 B-galactosidases] YA, A
A2 AxA wheyd] AHoZ QF A0S W A L EA A3 AFE wo] Rusgot 3¢
A 5 de 59 olHo] glof ov] o HYH Ze]A(17, 18), Z24(19) @ sotze)d, 14
S7HE A Sol) Wi o] 4]o] SITH(3-5). Ml 2J3 Agalactosidased] #H3F dFE A9
B-Galactosidased AA3he v|EZ A= A, o Foy2) 2] ¢kstet. wheha] Wx} 52 zpeiA 2 ¢
w3l W FR § FAFol Huse] 3leny(6- Bgalactosidased 7H3A A4kl soddeld,
10) dubrlo @ AHFo] AAsH= B-galactosidase 2R AF& F2l8te] Bacillus sp. TA-110.2 %
T BAo] A g&o] ¥ oy FAFTANA AaFia(20) o] o] WA= B-galactosidases
Z zhgsled) viste] FHole] A4E FEE ¥ HAG F g4ty AHAE Zalsle] ®Bg) bl 9
ut M o] Y w|EA 55 o5t Ao B =} t}(21). webd B AFor= fgalactosidaseS
43k e g d8A dri(11-12). AL & BAo g 9 shR] wiR) 2w ok
A, sy, 32 AdE dubze R o7 T AaAA AAEAE ARSI
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B Aol A8 g5 A} Fo] Exfo2dy
e, sAst] BugH20) sdgeoln A
ol Bactllus sp. TA-11¢]c}.

SAMM =

wj2]e] 27] pH7} a2AAkel wx= dae o
A Ee)8 wiA(04% polypeptoned} yeast ex-
tract, 0.1 % K,HPO,¢} KH,PO, 0.2% MgSO,,
0.05% NH,CI, 0.2% NaCl, 1.0% lactose) (19-20)
9] pHE 1M Na,CO,% 6.044 12.07}# 22 =
A F A PETE AEshd 50TAA 247 A=
wlokgt ofg- oo} 2 we s A F9] fga
lactosidase &4& EAste] ZAlsigde}. v
9] ke 30°CellA 70C7HA] YA ujokale]
ZAER L wi A2 o] ke HA] FoAAke] m|
A& lactose®] HAFEE AR F 7 A
3} Fr19F 59 F4EYE HEs

g A A Akl WA= ok o] oo ® Ze}
2aujeke TAMMAF HAEH(15% lactose, 0.6%
yeast extract, 0.15% K:HPO,, #}#]¢] =7] pH 95,
50C ) 48417 AwujekAl F wfoFd(seed
cultures)& FUg wiAl 5% v/v HEH}A
150rpme 2 Zetufokslm A AR A o2 wjeFAl7ke
e 2484 AR & AR RS
dct, =3k 3 Rejeke R (FEa7], KFM-
7)ol Wiz 20 & go] Atg § Fufjokd 100mlE
HEsto] 50C A vA)2] pHE 1M Na,CO:E 95
2 2T A 23 A] @& o® L]
oFstglem, old Fr7|H&Es 1VVMe R, st
5 90rpme . FAAZH). frbufoke 3wl
oFAl wlx)e] w4yt AAsgle] AL A wlek
30417kl AbF-¥ lactoses} yeast extract® 7t
15%9 06% 7} #AHES 24579 10% 5 F
Z|He R WraFe] HrispwA wiokstsdct. ALl
F2 $l9} o] 2427k 3| EwikE F vle] Add
15% lactose?} 0.6% yeast extractE peristaltic
pump® o]&3ste] A7k3 300ml#( 24 E; 0.1h™")
A7kl A 3sksdct.

T4 HMEH
B-galactosidase® 432 o-nitrophenyl- 4-D-gal-
actopyranoside( ONPG )& 7]3 2 s}o] FaiAw
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02 g3 zFo] &A3}Hr}.
ekl 100ml& 8000rpmell4] 1087F 418

slo] FAE g 10mM Z-buffer (100mM
Na,HPO,, 100mM NaH,PO, 10mM KCl, 1mM
MgSQO,, 50mM 2-mercaptoethanol, pH 7.0)2 23]
AHg T 20mle] Z-buffers] A7)z 229
oA 712 FAE A7 ok, 15,000rpme]
A 1087 Aldelste] 9 AEdE F4deR
stodet. Z-bufferel] %91 ONPG(4mg/ml) 2miel]
A7 &N 200 ¢ 4 E 7Fsle] 40°C A 1087} vt
2 271 3 1.0M Na,CO; 05ml2 7}3}of uk2-& &
A2 o ubg-le] FREE 420nmollA EA s
o $e]% o-nitrophenol{ ONP )& F331oj4] A
alget. AA8A9 one units Foiz WA
ol 4] 187kell 7]"al ONPGEHE 1xM9 o-
nitrophenol- J4%7] A3 529 Fo2 A3}
e},

TSt ey g2t £

TAEEE vkl dAE A3l 660nmel A
F45E &3 o] 8000rpmellA 1087k ¢
AEEsle] #AE A9 F FRSE AT
105Coll A 10417 Ax AZAIZ] o FAE &4
shof okl F FA ] FAx FAgeR oo}, =
g ook Fo AE I g whiAg A
z} % Somogi- Nelson®](22)2.2 &3} i},

A3 9 a3

7| pHe} A2 0| A&t

wiz]9] %7] pH7} B-galactosidase AJAkel] ©]x]
= A% ZzARF AIHFig 1) pH 95904 <
1400U/mlE &4 A34ke] A Egkon] pH 1059
AME oF 800U/mle] E48A4L Hyr). o= ot
Aol w2l 3444 pH(pH 6.0~8.0)%c}t &
A dZelFelglon W F4 AHA AFAd
ME(2]1) o] Aae dZedA vl okAs L.

g, a2 Akt FAASRES)
7+ 40~50Ce1glcH Fig. 2). o= Thermus sp.9)
ASAARRE(60C )Rl W2 2Xo|A|Rt o3
F2PRGE(30~40T ) & &xolglri(11, 19).

HiX| =AM At
|4 R A% stagdoe2 T3 lactose
o] 4AAb v]AlE 4L 2213 A9 (Fig. 3)
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Fig 1. Effect of the initial pH of medium on 5
galactosidase production.

1,400 -

b TN

1,000 |-

800 |-

400 [-

B Galacrosidase activity{unit/ml)

200

0 { I 1 1
30 40 50 60 70

Temperature(C)

Fig 2. Effect of the culture temperature on 5-
galactosidase production.

15% 72 aaAite] S718lslen] 1 55 o4l
Ay 2318 axiite] Haske AFeldddt. 5
2(17) 394284 Bacillus sp. YS-3099] A-ga-
lactosidase AR 4 05% lactose H7HA] E4
AAto]l A Eotviy Bk vl Qled o)Hr) 5
S} &t )9} zte] lactose?] sk Wdtol <3t
BA A4 ®Ee §5(17), Hasan 5(23)3
Tomson(24)2] Rt xe} 7o} A EW 2] lactose
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Fig 3. Effect of the concentration of lactose on 3
galactosidase production.

9} glucose?] o¥3} o]o m}E PEP-Potentiale] &
A8 #F9 lactosed} Az F3o} o] Qe
o2 A4, uebx AYPAFE o|4F fga
lactosidase2] A4 =4 Z inductiond} repres-
sionel] #gF F71A o] g F=H 3]t}

dujAe A Fo ALY Frlo] 259 4N
A HAET 2 A F Jactosed V)RR o]E
Ards) F7)o)e 55 chokstAl 23l 24
AHI - AR A3 Table 1o 4¢} 3e] wljek 24
A7} % lactose(1.5% ), peptone(0.6% ), veast ex-
tract(0.6% ), MgS0,(0.03% )8} #e& zA& 713
w Jol A E-2]4- wi Ao B} F A Akeo] oF 2ul
2715 3050U/mie] &44& By}, wbdel lactose
(15%), yeast extract(06% ), K.HPO.(0.15% )<]
w Kol A= 3,000U/mle] &471 AikElel Ad £
oror} o}52} w)EA(1130U/mg cell,1363.6U/mg
cel )3 AAY 5& 223l lactose(1.5% ), yeast
extract{(0.6% ), K.HPO,(0.15% ) 2449 wj#& &
A A A Al A A E o)

b et o A5k

A HHFZA(1.5% lactose, 0.6% yeast ex-
tract, 0.15% K.HPO,, initial pH 9.5, culture temp.
50C) o2 Agdd& Febast viokstda 7AAe
2 79 447 Fgalactosidase AAHS =AM 4
FH(Fig. 4), wioF 24 X771 A] w2l 9] &baddo] H4
3] 2nlEmA o] A§o] FAsclr} 48417k o] F
ol A9 AR =} vFAEEE dig7lal vk

Cell yield(Agsonm) — O —
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Table 1. Effect of medium composition on pro-
duction of the Agalactosidase from Ba-
cllussp. TA-11.

Dry cell weight 8- galactosidase Specific acti-
(mg/ml)  activity(U/ml)  vity(U/mg)

Lac. Pep. YE - - —

Lac. Pep. NaCl - — -

Lac. Pep. K;HPO, - - -

Lac. Pep. KHPO, - - -

Lac. Pep. MgSOs - - -

Lac. Pep. YE K:HPOs — - -

Lac. Pep. KGHPO, KHPO,s

Composition

NaCl MgSO;
Lac. Pep. YE MBSOs 2.7 3,050 1,130
Lac. Pep. YE. NaCl 18 1,850 1,028
Lac. YE - - -
Lac. YE K:HPO, 2.2 3,000 1,364
Lac. YE NaCl 1.5 850 567
Lac. YE MgSOs 14 1,300 971
Lac. Pep. 0.3 50 167
Lac. Pep. YE K:HPO4 24 1,510 629
KH:PO, MgSOs NHCI
NaCI**

* Tac. (Lactose): 1.5%, Pep. (Peptone):0.6%, YE(Yeast ex-
tract): 0.6%, NaCl: 0.075%, K:HPO, KHPO,:0.15%, M8SO:
:0.03%, NHC:0.05%

** Screening medium

18417H46) 36A17H747] 0.24~022h7'8 B4y &
2 AR wjoF 36417k oF 4200U/ml, 48417bel
4350U/mlz. 74 wokew  oldfe] mjEAS
1450U/mgelglch. &4 #ixe] pH #H3je 270l
pH 95614 7 %ol AT 24417 o]F 75 F
Zo2 dolgon of= wjef § pHE ZAA &
Nl o D b LU Sl LU Ay
= w2 pHelslth.

Ezg olgstel wiek 3 wixe] pHE A3
A ok 3 RufokstE s Fo| A& st |
312 zARE A7 Fig 59 2t} wijoF 36417k
FAS( Az FA)E 1.75g/0, Fa AR <
4,400U/mlz Hzo) gatdm ojme] wlFA &%
L 021h, e o 018%c°)dx HIEAY
2514U/mge 2 Zepazmjekoll Bt o 1.7v) &
sbebeict. o)y B AlEFFIE EAEVIMTl|ER
whE 2 g o] 43 3| Hullefelld el EAEI} F
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Fig 4. Profiles of cell growth, residual sugar and 53
-galactosidase activity during flask cul-
ture.

ghaTufekell Hh Wdghr] Wl Aeg 7™
o} w3 ggo] 0.42%°1%0& W Hd vFAER
(0.26h)% Rolom pHe Zetaawekats e
wjoF 1247kl 85 HFoR ubopxl & F Wiz}
slsict.

3 ek 3 wjz|9) pHE 955 UAFA 24
319l 7S wjokz7)HE o] Afo] B 218
go] ok 24417kl AL thr] BI(EL2 AA
7)ol w2t fE717} oi$ gokew A4
2 woF 36A|7bo)) &k 4200U/mlE FH o =E3}
oJom ujdAL 2800U/mgelcH Fig. 6).

olAe) 3 Fujok A ARNE w)wste] & of wjok
Z w29} pHE 952 ZAsh= Ao vlste pHE
ZA8}A) = 3Pujohiio] BlEAE o 280U/
mg Wotort 4% oF 200U/ml o A4k Sict.

3 Rafjokoll ] 2] 9| bzt Aiddo] A9
hRE A= (e 3047 F) 15%
latose?} 0.6% yeast extract®: F7]8o 2 F9l3}
WA wokE T A8 FaAyAbe] wstE ZARE
A (Fig. 7) MES 712E TFFe2HN 49 A
3 ZaAsbe] AA Folsle A%E B 33 7
AFIEF 24X 7k F A& 216g/¢, 3&E
5,200U/mle] AArE|slew] wj&A4g-& 2420U/mgol
oct. o)5L EZ=haz vwieks} FEuioke] Az}
uliwale] 2 wf w]EAL 100~400U/mg @otort
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Fig 5. Profiles of cell growth, residual sugar and 8
-galactosidase activity during batch cul-
ture without pH control
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Fig 6. Profiles of cell growth, residual sugar and 8
-galactosidase activity during batch cul-
ture with pH control
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Profiles of cell growth, residual sugar and 8

-galactosidase activity during fed-batch
culture with the periodic feeding
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Fig 8. Profiles of cell growth, residual sugar and S8
-galactosidase activity during continous
culture.

B} 7Bk Eske).

o]xte] wiokabel w}Z A-galactosidase?] w]E
A3 Fd BAEES wlarste] B oj(Table 2) vj&
AL AgulefA] 3077U0/mg, B4R fol
oFA] 5200U/mlZ A Egkch. = vkl A
H|@Ao| o Ao sebdte]Xoln] 2] FA|
o] £A487|4<l Bacillus sp. TA-110] A2ET-33
bRz} vl ks d Az (1.2~
1.75g/¢ Y3t} Ze}~=z ek Ae] A$5(3.0g/¢)
o] MM Fou} HEAAYAFL o)EF nl%d
-0 d&ujofoll 4 v|FAo] & A& t}E H)
ool A vliA 4] e =FAII}
wlek7] ol &A= A|ub Aokl A= o]Eo] 9
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Table 2. Maximum enzyme activity and specific
activity of f-galactosidase from Bacillus
sp. TA-11 on various culture modes.

Culture type Maximum enzyme  Specific activity

activity (U/ml) (U/mg cell)
Flask 4,358 1,450
Batch with pH control 4,200 2,800
without pH control 4,400 2,514
Fed-batch 5,200 2,420
Continuous 4,000 3,077

P2 FEHT webq 22840 ¥ AET} Hol
EAst7) dFol vlE FHHZaPNFES ok @A
ok B Ao) & o= Yz}

FRS

Fotdelolw) z-eAel Bacllus sp. TA-11%
Beg| A galactosidases theEAALE Z2o2 A
zA4, WiAY 27) pH % vk} b5 wioky
So] aaAAbel v 93-S AEstAT fga
lactosidase®] FHAAAEAE 15% lactose, 0.6%
yeast extract, 0.15% K.HPO, 27| pH 9.5, i<}
L% 50°Colely Eepazmlekel e 4847kl oF
4350U/ml, 3wkl A 36412k 4200~
4400U/ml9) &7} Aabsldch. =3 frlefeked A
L 120417k 5200U/ml, dguedol A 3447kl
4000U/mle) &4} AAbEdlom B9 HiBAE
adufokA] oF 3077U/mge & Ad Fokrt.
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