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Purification and Characterization of -Galactosidase from
Sea Urchin, Hemicentrotus pulcherrimus

Gyu-Hyung Kiv, Yong-Tae KiM* and Se-Kwon Kmm
Department of Chemistry, Pukyong National University, Pusan 608-737, Korea
*Department of Chemistry, College of Science & Engineering, Aoyama
Gakuin University, Setagaya-ku, Tokyo 157, Japan

f-Galactosidase was extracted from the internal organ of sea urchin, Hemicentrotus pulcherrimus. The enzyme
was purified 384.6-fold over the crude extract by the sequential chromatographic methods including DEAE-
Sephadex A-25, CM-Cellulose, and Con A-Sepharose 4B affinity chromatography with a recovery 1.26%. The
molecular weight of the purified enzyme was estimated approximately 94 kDa as monomeric form by SDS-PAGE
and Sephadex G-150 gel chromatography. The maximum enzymatic activity was observed at pH 3.0 and 50C, but
the enzyme was stable over the pH range of 3.0~5.0 and below 37C. The Ka and V.. values against PNPG (p-
nitrophenyl B-p-galactopyranoside) were 15.0 mM and 214 ymole/min per mg profein, respectively. The enzymatic

activity was activated by Ba®*, but significantly inhibited by DFP, Hg'*, Sn*" and galactose.
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B-Galactosidase® °|FF & 22A &gl 93
o 93F9 glucosedt galactose® 7HrEsishe B42
(Richard et al, 1995), 23WolA o] Zas} Bzau
73 B3R £3td 43 28395 (lactose intole-
rance) S Yo7A doh B9 oflg o] Hie FAF
A §39 ZAS WYL TANA FAFY FEE
FAA 7 =vx o] &80} (Lisker et al, 1995; Young et al,
1980; Hourigan, 1984). =& o} 4w #dU9 £4d #
A37]1% 3l (Kitagawa, 1995), G872 ZA¥PHd
Krabbe disease 59 #AWE d27)7l= 384 (Shige-
matsu, 1990) A& Agn B3 A #dtn ot

o]3 % p-galactosidases AGAY de &A% &
AN AFAE dRE A2 AT 53 2L e
Feel Aol Baslo] $kon (Miyazaki, 1988; Gonza-
lez and Monsan, 1991; Nakao et al., 1994; Ohtsuka et
al, 1990), 1 o|Sje] Wte] RIE I} 53} & 4
% (Singh and Knox; 1985, Kim et al, 1993)o)1} &,
1%o] T3 & ZAHSE (Hiraiwa et al, 1986; Homes
and O’Brien, 1979) F#l9 4% 9% H3 ¥ u Q1o
a8y JIAdez FHY dFE F3] vkt o3
Bud Ao A glom, Shigeta et al. (1991)0] Bu g
30| (sea squirt, Styela plicat) 2% AAT B
galactosidase A=7t 424 Y& o},

wgtd £ AT 58 U ZEe) dy 2E3a g
£ BEAA (sea urchin, Hemicentrotus pulcherrimus)
o] Ao 2RH poalactosidaseE E2)ste] 1 A3}
H 54& A&

R

XN =

E d¥o) AEE TFAA (sea urchin, Hemicentro-
tus pulcherrimus)E #AAF A AA A A G A
1997d 1299 F918te] =afejojolx Fof o} Syhet
o ZA UYL E2dd 2AL YEL (-70C) 23
e T Agd A8

4 RAE 9% AM4-¥ PNPG (p-nitrophenyl-
f-p-galactopyranoside), #A4%F £349 BF Wz
(SDS electrophoresis ¥24% B299 3, Aoz 4
F HFdWd), DEAE-Sephadex A-25, CM-Cellulose,
Con (Concanavalin) A-Sepharose 4B, methyl-a-gluco-
side 128]2 Sephadex G-150 & Sigma chemical Co.
(St. Louis, MO, USA)Y AEE o438t o 99
49 AHEE Al A8 5EFF S AMEEHT

gao My
AANE 9 Bgalactosidase= Kim et al. (1993)2]
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Wilo] £8 o Scheme 13 & Wyoz F&£3h

%, TZ2€ 2HY AANEE A2AdA &13] )
FAIA 025% Triton X-100°] #-F¥ 50mM sodium
phosphate ¢3&% (pH 7.00& 380% (wiv) 718te &
7] (NOHONSEIKI KAISHA LTD.)Z #323} (10,000
Xrpm, 2min) ¥ ¥, Y4% 2 (12,000Xg, 20 min) 3%
4 AE9s 22 og S A 50mM sodium
phosphate £+ 49 (pH 6.0, °13} A 54 olz g
e Atete] U o2 FF IS I 99
F SRS THT X ALE AARY] 98 20% (vv)

Minced sample

— Centrifuge (12,000X g, 20 min)

£ - 3Ad

9 CCLE #A7tst @33 (12,000Xg, 20 min) A1 ¥,
o)F A $F &9 24N T3 A4 EE (12,000
Xg, 20 min)3te] WEHAdS FAE A& A8 A
&34t

o] zAAYoZ IIMPIFEF G4 AN X
35 40~80%9 FEL Ho} HAZ A ¢F 49|
A o, §Y g5 §902 U T3, 284
o E3& A& (12,000Xg, 20 min) 3t A A Y}
zake 944 g&e g A 349 (pH 60002
Y3471 DEAE-Sephadex A-25 column (¢3X40 cm)

— Homogenate with 5 vol. of 50 mM Na-phosphate buffer, pH 7.0
containing 0.25% Triton X-100 and 20% (v/v) CCla.

Supernatant
~ Centrifuge (12,000X g, 20 min)

Precipitate

— Extract with § vol. of 50 mM
Na-phosphate buffer, pH 6.0
— Centrifuge (12,000X g, 20 min)

Y

Supernatant

— Stand for over night
— Centrifuge (12,000X g, 20 min)

Precipitate

— Centrifuge (12,000X g, 20 min)

Supernatant

|~ Centrifuge (12,000X g, 20 min)

Supernatant

— Centrifuge (12,000X g, 20 min)

P

Supernatant

, ~ Centrifuge (12,000X g, 20 min)

Purified B-galactosidase

— Salt-out in the range of 40% to 80% with ammonium sulfate

— Dissolve in 50 mM phosphate buffer, pH 6.0
— Dialyze against the same buffer for overnight

— Apply to DEAE Sephadex A-25 column (¢3X40 cm)
elute with the 0~1.0M NaCl, 50 mM Na-phosphate buffer, pH 6.0
pool, concentrate and dialyze against 50 mM Na-phosphate buffer, pH 6.0

— Apply on CM Cellulose column {¢3X40 cm)
elute with the 0~1.0 M NaCl, 50 mM Na-phosphate buffer, pH 8.0
pool, concentrate and dialyze against 50 mM Na-phosphate buffer, pH 8.0

— Apply on Con A-Sepharose 4B column (¢1.5X25 cm)
elute with the 0.5 M methyl-B-glucoside, 50 mM Na-acetate buffer, pH 6.0
pool, concentrate and dialyze against 50 mM Na-acetate buffer, pH 6.0

Scheme 1. Schematic flow chart for purification of [-galactosidase from sea urchin, Hemicentrotus

pulcherrimus
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o FYAA FFANINL FY ¢FLYE FE3 &Y
HFE L2E AAS F A EF 594 NaClE 7hs]
FE7t 0~1.0Mo] HEE JYFeEFoioez #E g
% (%% 05 n/min, 3% Tud) AAI, Fojd FJ#
£ A2U48%527) (Ultra-membrane filterator, SATO-
RIUS Co, MW 10 kDa) 2 553t A 458902 24
A FAE Fo] d4E (12,000Xg, 20 min) AT

o7ldA 84S Bole &L tf WAZ SomM
sodium phosphate $Z8-9 (pH 80, ©|3} B &3%&9
olg} Wig) oz FYsA 7l CM-Cellulose column (¢3
X40cm)o} A FYste GMe FEF FPoz A
YA 712, £5L B #5899 NaClg 718te =7}
0~1.0M°] H=& HFLF=THHoz BHEE (F
& 05nd/min, = F: sn)AZ F dojA RS 5
3ol 24N BA ST A4 (12,000Xg, 20 min) 3
Aot 714 B0l Jeld EE 0.5mM MgCl, 05
mM MnCl;, 0.5 mM CaCL% 0.5 mM NaN;E ®3§Hslu
UE 50mM sodium acetate &5 &9 (pH 60)2= H
#3}A17] Con A-Sepharose 4B affinity column (¢1.5X
25em)d]l FYAA FFHIA e FES £ (7
0.5 m¢/min, #3#: 3m) A1 F, 0.5M methyl-p-gluco-
side #9202 §ZAH p-galactosidased Ao EL
i gstgled, of EE w53 UL FAG
¥, a8 (12,000Xg, 20 min) 3% oh.

ol g RAHoZ AAMF AAE —40C o)3td) BA3}
HA A Bh SEZAE AHESA

BN &Y

B-Galactosidase®) ¥4 Tulsiani et al. (1995)¢]

& A% PNPGE 71HZ 39 E33%d F 0.1
M citrate-Na;HPOs #% & (pH 40)¢] PNPGE 5
mMo] HEF &% 7]A4d 2nlE A3 4@
Ead 0S50S FHata, 37T A 2087 WA F F
WYAFHA d3E 05M Na,C0;, &9 25niE 713ty
Hhe-¢ ARAAZ e 420 amdlH FREE 2XEY
o 22849 dde 99 FANA ¥ B¢ 1
umole] PNPGE 43 A7 ed Had H4ZE 1 unit
o2 B

T Xof Hak

gelde AL Lowry et al. (1951)9] Hhid) 3
bovine serum albuming EF 9WAZ sto] AFgsg
t}. Chromatographyd] 234 &&5= d¥dL 280
nmolX 8 FRTE o] &3t FHFHT

2R 53

AAE 529 BAFE Laemmli (197008 Bollag
and Edelsrein (191)¢] W& 3839 95% SDS-
PAGE (sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis) & AH&-3te] A HE dHERE -
galactosidase (116 kDa), fructose-6-phosphate kinase
(84 kDa), pyruvate kinase (58 kDa), ovalbumin (45
kDa), lactic dehydrogenase (36.5 kDa)$} triosephos-
phate isomerase (266 kDa) $& A-&8tsich

AAFHE o] &d EAFY FHL 0mM sodium
phosphate &% 89 (pH 60)22 H33} A7 Sepha-
dex G-150 column (¢1.5X80cm)olA dFen EE
9 A2 E amylase (200 kDa), alcohol dehydrogenase
(150 kDa), bovine serum albumin (66 kDa)3 carbonic
anhydrase (29 kDa)& °] &3 %th

pHY 2To| dg

EF ZPA pH W 2 FRAEL) 9FS ¢
ob®.7] 93] 0.1 M glycine/HCl $%49 (pH 2~3), 0.1
M sodium citrate #% & (pH 3~6), 0.1 M sodium
phosphate %49 (pH 6~8), 0.1 M Tris/HC! ¢%§
o (pH 8~9)3 #Zo| ¥ WA pHE A&
(Dawson et al, 1986), 4 d& 37CHA 2087t ¥%
A A p-galactosidased] FAHE FABIATY T¥ pHY
AL EobE7) sk Tgd pHO &3E RAE
AF 1A AR F AEEH S SAHAST

L Aste] & AHELY GF & AAE 30~60T
Abele) oA 01 M citrate-Na,HPOs (pH 4.0) €%
£d02 2087 HEAD F, Fol de EHE 3%
o ARG

=50(21 Mo At

FEE ol &3 AsAF ALY G4 vA=
YL ARG, FUIFE o2 AR HEFrr}
SmMo| HEE H7pslo 50T A 01M citrate-Na,
HPO, (pH 40) #5848 &3y B4& 243
g AfAe AFFE7 44 1 mMo] HEE H713td
FYZ2AYA 4L FHHFAG.

KaZt Vi

BRAELY W& ETAF (Kn, Vo) T A7) 9
gt PNPGE 7122 AMg-3te] AMIAG. &, 50T, 0.1
M citrate-Na,HPO, (pH 4.0) 3£ 942 A1-4319 713
FE 001~20mMe] HHdA THeEETE FHIY
Lineweaver-Burk plote 2 Ko¥ VoS SR8
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p-Galactosidase2] |
AA Y WA 58 2ELNE X3T 40~80%
2 ¥R 44e dAEe YEE Kol £4 3
A3, 2 §AAL 50 mM sodium phosphate %89
(pH 6.0)22 H¥3}A)71 DEAE-Sephadex A-25 co-
lumn (¢3X40cm)ol FY3 0~10M NaClE 43
€ g3doz AYFEETNYeR £ (F4: 0.5m
/min, 3% 7o) A7 AFHE Fig. 19 dehid o]
g B-galactosidased] E4& Yedie & (13~
IS g, of & A FF, FA%H 50
mM sodium phosphate ¢%89 (pH 80)oZ H¥ 3}
A7} CM-Cellulose column (¢3X40cm) 0~10M
NaCl¥ AHg3te] gryuigez &A1 23 (Fig
2), 52 848 2 JE (64~89)8 2% & AN
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Fig. 1. The elution profile of DEAE Sephadex A-25
chromatography.
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Fig. 2. The elution profile of CM-Celiulose chroma-
tography.

o] FEg BolA A FF, T4 0.5 mM MgCl,
0.5mM MnClL, 0.5mM CaCL$ 0.5mM NaN,& ¥
33 9lE 50mM sodium acetate %389 (pH 60) &
2 H#3AZ Con A-Sepharose 4B affinity column 2
2olE1d 93 05M methyl-a-glucosideZ €A1
23 (Fig. 3), ¢ 84¢ vyehie g8 (2~28)< &
A, A7lelE A hte] Sdd ddz ALY
& ¢ F AU

o)) BAHHE 29§ AHE Table 19] Vet
o}, AAE p-galactosidaser= ZH Ao H]F o 384,64
AAHQL, 5L 126% 2 ¢ 2 55 Y
o oolgte WAz 2e P A2 +3490] (Shi-
geta et al, 1991)9] &7 FAEE 18% 9 95202
Uept AA Wde] B4 BT AYFer e 35S
I AAEZ AAHASE & 4 AT T et
og E4E {99 p-palactosidaseE2 AW T
BLES YD 9o, AANME AHFeR fxA
7 v B w3 A7 e HFEE 10% o]
2 ve Aoz ¢aA At (Kuo and Wells, 1978; Kim
et al, 1993; Tulsiani et al,1995).

549 Exfg

AA Y P-galactosidaseE 9.5% SDS-PAGEE ©| &3}
o EAFE FAY 27, 97 kDad EAFE e F
1}9] polypeptide 2 ¥ & At (Fig. 4). =& Sephadex G-
150 A3 A4S BAFY FAHAMNE FAELY
EaeFo] 97 kDaZ Y, F A8 A3t XS
BoFdeh AA WA 2 pgalactosidased] EAHFS
YA E $H 4] (Shigeta et al, 191)9] A ¥l
#S o oF 20 kDa Y & Ro 2 eI On, Tulsiani

0.5M methyl a-p-glucoside

——

Activity (units/ml)

Fraction number

Fig. 3. The elution profile of Con-A Sepharose 4B
affinity chromatography.
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Table 1. Summary of purification of f-galactosidase from sea urchin, Hemicentrotus pulcherrimus

Totalprotein

Total

Specific Purification

step (mg) activity (U) activity (U/mg)  (fold) Yield (%)
Crude extract 6,086 546,644 89.8 1.0 100
(NH,).SO. ppt. (40~80%) 1173 369,378 3149 35 67.57
DEAE-Sephadex A-25 338 160,713 4755 53.0 29.40
CM-Cellulose 07 38,262 29432 327.8 7.00
Con A-Sepharose 4B 0.2 6,907 34,535 384.6 1.26

Fig. 4. Estimation of molecular weight of the [-gala-

ctosifase from the sea urchin, Hemicentrotus
pulchemmus by SDS-PAG electrophoresis on
9.5% gels.
A; B—galactomdase (116kDa) B; fructose-6-
phosphate kinas (84kDa) yrucate ki-
nase (58kDa), D; ovalbummf 45kDa), E;
lactic dehydrogenase (36.5kDa), F; triose-
phosphate isomerase (26.4kDa).

et al (1995)¢] o8] By H ¥u3 (epididymis)
$ e Bpalactosidasedtes AL FAE BEAFYS &
F AR

T3 A4A FNY pgalactosidases HY HEY +3

o) Fele A2XE 149 S9A (subunit) S 7FR A

A912.5 (Shigeta et al, 1991), =& green onion (Kim
et al, 1993), sweet cherry (Andrews and Shulin, 1994),
Japanese pear 5% A€ i P-galactosidaset rate]
epididymal luminal fluid (Tulsiani et al, 1995)%} Z&
FE $d9 p-galactosidase”t o]k FAMEA 1719 ©
AAE A2 e Aoz €A A, gtz
AE fele fgalactosidases 2~471Y SYAE e
REo] Zo] &4 919 (Miyazaki, 1988; Ohtsuka et
al, 1990; Kang, 1991), §3%5 &4 F&% p-galactosi-
dase= 98 M) AN E /A iscenzymed FehZ ¥
Reo} Bagel vt (Kuo and Wells; 1978; Homes and
O'Brien, 1979; Hiraiwa et al; 1986). ] 99| galacto-
syl transferased 4% &4 71X §l¥ f-galactosi-
dase® U} (Kuo and Wells, 1978; Ohtsuka et al,
1990).

pHS 2F9| HEt

BA @ p-galactosidased] W3 thFg pHelM 1
g2 zAE AHE Fig 59 Yl BAdcE
Gonzalez and Monsan (1991)9] 28l 219 Aspergil-
lus fonsecacus®¥ P-galactosidase] A A& pH 3.0414
Ao 248AE YU

EE WA B Z pHAMY 548 e &
A& 2AE7] S8 pH 2~8 Abele) &5 &-Hof A
£8 ZAAE 37CHAN 1A ZLET AN F do} 3
T 5ARAL 24 & A, A4 WE fHY 5
37C, pH 3~4 Atolo A 1A7He] WA E E'_ILE}—L-
95% o9 844 fFA%YL, pH 5°IWE o 80% 9

24% Jehi Ao 28 pH 2 o3 2 pH 6 °]3
Ae 840 43 Z2%E YU ARALY
BAo) 44 pHAlAM e AL oju] R1H Kuo and
Wells (1978) 9] rat 4 (mammary gland) #2 B-gala-
ctosidase$t A9 YAFYLoH, A WF AL ol
#3F pHS pH AFAH L 22 AFHEA +FYoloA
F2% p-galactosidased] H3F pHY 409 = fAH3t
A=t (Shigeta et al, 191), ol= AFHE FAY 4
galactosidase”t At pHAlA HAHY 4L i
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Fig. 5. Dependencies on pH and pH stability of the
purified B-galactosidase from sea urchin, He-
micentrotus pulcherrimus. The enzyme was
incubated in the designated buffers for 1 hour
and the residual activily was determined.

BHAFE Aotk EF Kim et al. (1993) ¥ Andrews
and Shulin (1994)0] E 1% green onion¥ sweet cherry
Zo] HEol} Hiraiwa et al (1986), Homes and O’
Brien (1979)%} Tulsiani et al. (1995)°] EX& &9 2F,
feline®) 7, rat¥ epididymal luminal fluid § FE&¢l
A AAG AET ARE & A4 pHAN HF 845
e pH 3~5 YA AFAE ZE A Bgala-
ctosidase < ¢ 4 AUtk 2 Choi et al. (1995)&
Bacillus sp. TA-11 f#9] p-galactosidase pH 7~119
a2y ZAANE 80% o439 EAHE FAT AR 3
o™ Ohtsuka et al (1990)¢] Cryptococcus lauentii
OKN-491A %28 A ELE HF pHI} 28~9322
Ao A dzeAe AP ZAA pHel Wi AHA
o} && YErT

AAEALY Lxo) Ug FFE 2487 At 01M

citrate-Na,HPO, (pH 40)] £33 ELE 30~60C Aol
o ek LRl 2087 BHEAA TAE ZAS 4

(Fig 6), Ex9 84& 257} Asdo weh FH3A
Z7vste] soColA Huigke Yerigioy 3 ope
N FAEA #ade A2 JEgth o green
onion (Kim et al, 1993), Cryptococcus laulentii OKN-4
(Ohtsuka et al, 1990), Bacillus sp. TA-11 219 p-galac-
tosidasest frAHE 23 UERAT.
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Fig. 6. Dependencies on various temperature of the
purified S-galactosidase from sea urchin, He-
micentrotus pulcherrimus.

FEE SmME, AHAY FEE ImME 3t 1 9%
& zA8 2 AH4E Table 201 YERi AT

F&£0|25 F Ba¥tE EAY B4E 2 Hx F7F
A7) Aoz veged ot A FAd4 2 B
galactosidaser f+AHe 22} (Kuo and Wells, 1978).
EDTA% 2& A oAy Cu™t, Mg®*, Na* 54 &
&0l &5 A2 8Ad AA FFEL YA & HHY,
Ca®, Hg*', Sn>* % 2& &%) &E3 DFP (diisopro-
pyl fluorophosphate) & EAE4E AA #FAA e R
o2 Vet 53| Hgst DFPY A5-dle A9 840l
JEUA e Aoz Hol 4o HFAHI serine
A7)7 B e AS ¢ & AR (Shigeta et al,
1991).

=3 b g5t 7o) AA AL MAE IF
zA3) 2 A AAELE Singh et al (1985) %
Choi et al. (1995)°] lilium pollen® Bacillus sp. TA-11
of A} B9l AT o] palactosee] W3 B A
e JERNATH 28Y glucose B T2 ©iol o
HAE dvg2 42 JehhA &Utt. £ Lactose, suc-
rose 53 2& o]l ) TUF AFe AANF 2
3} lactose o] AMEZE Utk Galactose?t
lactose 20 2 A)BAE 2E AL gATHd 2F
gte A3Eo) galactose?t 7] WEo|th (Choi et al,
1995).

[e]

=

KHII"} Vmax
NAsxo] WE WEEEE Lineweaver-Bulk plot&

o] 4354 Michaelis-Menten 2% (K8 Hdws&x



AAzRH B fgalactosidase & FA € 54 643

Table 2. Effect of the activators and inhibitors on S-galactosidase activity purified from sea wrchin, Hemicentro-

tus pulcherrimus'

Materials Concentration Relative Materials Concentration Relative
(mM) activity (%) (mM) activity (%)
Control 5 100.0 EDTA 1 984
Na* 5 99.6 DFP? 1 14
Mg** 5 904 Galactose 5 54.8
Ca* 5 574 Glucose 5 89.3
Cu?** 5 96.6 Fructose 5 959
Ba** 5 1712 Sucrose 5 108.7
Sn** 5 280 Lactose 5 719
‘Hg** 5 0.0 Glucosamine 5 101.1

'All of the cations were added as chlorides, except Cu** and Ba?*, which were added as sulfates. The enzyme
solutions containing cations and inhibitors were preincubated at 40C for 30 min and the residual activity was

measured.
*DFP : diisopropyl fluorophosphate

(Vou) & 2431 Fig, 790 VERIITH AAELY 39S
7VA2 PNPGE AHE¥ B¢ Ka 150 mM, Vaa© 214
pmol/min * mg * protein® 2 eIt} o] Choi et al.
(1995)¢] B33} Bacillus sp. TA-11%+ A8 @& o
B AR, £33 40019 &9 o)A FelF f-galactosi-
dase?] K. &9 1.85 2 02mM 2o B4 vehd 7]
ol g "o A ¥ AL ¢ 4 IA. 2¥
AL Voo %2 328 92 2259 FA% #e
el 2ok (Miyazaki, 1988; Nakao et al, 1994; Singh
and Knox, 1985; Shigeta et al., 1991).

08 +

A

1/[S] (mM™h)

Leneweaver-Bluk plot for the determination of
the Michaelis Menten constant on the purified
enzyme using p-nitrophenyl S-D-galactopyra-
noside as substrate.

(@) (o] 3
hrd =

S8 yet 28] Lol EXFT Ye TEFEAA (sea
urchin, Hemicentrotus pulcherrimus)® W7#Ao2RH
Triton X-100% ©]4-3t9 p-galactosidased F&3 1,
40~80% (w/iv) (NH,),SO, DEAE-Sephadex A-25 %
CM-Cellulose °]-22$ AZvtEH, Con A-Sepha-
rose 4B 133 AZctEIYHE AMEsto £, AA
3te] 1 AggE 54 A dde O 2

BAE p-galactosidase= TYY THA=Z o] FofA
AR WYY, 5iY FARe ZHdd M3
384.680 F7HEIAL, & 126% Itk AA AL
A pHS 2%+ 747 30 9 50T o)Ak Hae 4L
Ba™ ¢} 2& F&ol2d 93 FHIAHAL, He', Sn*”
9 DFPY 93] @AEA A= AL2H, T galactose
9} lactosedl 93 AdtH o 712 As) AIHJ} JEPEE
4 4 itk B4 FAFLS SDS-PAG #H7lolFT
Sephadex G-150 A& HA|G A3 97 kDaZ e}
Bk $47122 PNPGE A43ted 4o £%EF
A5E EFE AR Ko 150 mM, VT 214 pmol/
min * mg * protein® 2 UEFL,

2

M
rek

Andrews, PX. and L. Shulin. 1994. Partial purification and
characterization of f-D-galactosidase from sweet cherry, a
nonclimacteric fruit. J. Agric. Food Chem., 42, 2177~2182.

Bollag, DM. and SJ. Edelsrein. 1991. Protein methods, Wi-
ley-Liss, 46~49.



644

Choi, YJ., LH. Kim, B.H. Lee, and J.S. Lee. 1995. Purifica-
tion and characterization of f-galactosidase from alka-
lophilic and thermophilic Bacillus sp. TA-11. Biotech-
nol. Appl. Biochem.,, 22, 191~201.

Dawson, RM.C,, D.C. Elliott, HW. Elliott, and KM. Jones.
1986. Data for biochemical research. 3rd. ed., Oxford
university press, 426~439.

Gonzalez, RR. and P. Monsan. 1991. Purification and
some characteristics of f-galactosidase from Aspergillus
fonsecaeus. Enzyme Microb. Technol,, 13, 349~352,

Hiraiwa, M., T. Shiraishi, and Y. Uda. 1986. Multiplicity of
bovine liver GM1 ganglioside S-galactosidase. J. Bio-
chem,, 100, 255~258.

Homes, EW. and J.S. O'Brien. 1979. Purification and pro-
perties of acid f-galactosidase from feline liver. J. Am.
Chem. Soc., 18 (6), 952~958.

Hourigan, JA. 1984. Nutritional Implications of lactose.
Austral. J. Dairy Technol,, 39, 114~120.

Kang, KH., HK Min, HK Yi, and Y.H. Jang. 1991. Pro-
duction, purification and characterization of B-galacto-
sidase from Bifidobacterium longum KCTC 3215. Kor.
J. Appl. Microbiol. Biotechnol, 19(5), 456~463 (in
Korean).

Kim, SK, H.G. Byun, KD. Choi, H.S. Roh, W.H. Lee, EH.
Lee. 1993. Removal of skin from filefish using enzy-
mes. Bull. Korean Fish. Soc., 26 (2), 159~172 (in Ko-
rean).

Kim, Y.S,, KS. Park, and J.S. Kim. 1993, Purification and
characterization of f-galactosidase from green onion.
Korean Biochem. J,, 26 (7), 602~608.

Kitagawa, Y., Y. Kanayama, and S. Yamaki. 1995. Isolation
of p-galactosidase fractions from Japanese pear: Acti-
vity against native cell wall polysaccharides. Physiol.
Plan.. 93, 545~550.

Kuo, C-H. and W.W. Wells. 1978. f-Galactosidase from rat
mammary gland. J. Biol. Chem. 253 (10), 3550~3556.

Laemmli, U. K 1970. Cleavage of structural protieins du-
ring the assembly of the head of bacteriophage T4.
Nature, 227, 680~ 685.

Lisker, R, L. Auguilar, 1. Lares, and J. Caravioto. 1980.
Double blind study of milk lactose intolerance in a
group of rural and urban children. Am. J. Clin. Nutr,,
33, 1049~1053.

Lowry, O.H., NJ. Rosebrough, AL. Farr, and RJ. Randall.

LA

1951. Protein measurement with the Folin-phenol
reagent. J. Biol. Chem,, 193, 265~275.

Miyazaki, Y. 1988. Purification, characterization, and pro-
perties of f-galactosidase from Bacillus macerans.
Agric. Biol. Chem,, 52 (3), 625~631.

Nakao, M., M. Harada, Y. Kodama, T. Nakayama, Y. Shi-
bano, and T. Amachi. 1994. Purification and characte-
rization of thermostable f-galactosidase with high
trans-galactosylation activity from Saccharopolyspora
rectivirgula. Appl. Microbiol. Biotechnol,, 40, 657~663.

Ohtsuka, K, A. Tanoh, T. Kanematsu, T. Uchida, and T.
Shinke. 1990. Purification and properties of a S-galac-
tosidase with high galactosyltransfer activity from Cry-
ptococcus laulentii OKN4. 1. of Fermen. and Bioeng,,
70 (5), 301~307.

Richard, J.P., J.G. Westerfeld, and S. Lin. 1995. Structure-
reactivity relationships for B-galactosidase (Escherichia
coli, lac Z). 1. Br¢nsted parameters for cleavage of
alkyl B-p-galactopyranosides. Biochem., 34, 11703~117
12.

Shigematsu, H., S. Morimoto, Y. Kishimoto, S. Wiler, J. To-
michi, J. Baranger, M. Shinohara, AM. Yeanger, and
J.S. O’Brien. 1990. Saposins (spingolipid activator pro-
teins) in the twitcher mutant mouse. J. Neurochem. 55
(5), 1659~1662.

Shigeta, S, K. Ono, and S. Oka. 1991. Purification and
characterization of a Sea Squirt f-galactosidase. J. Bio-
chem., 110, 134~ 140.

Singh, M.B. and RB. Knox. 1985. f-Galactosidases of
lilivm pollen. Phytochem., Kuo and Wells, 1978 (8),
1639~ 1643.

Tulsiani, D.R.P.,, M.D. Skudlarek, Y. Araki, and M-C. Or-
gebin-Crist. 1995. Purification and characterization of
two forms of f-galactosidase from epididymal luminal
fluid: evidence for their role in the modification of
sperm plasma membrane glycoprotein (s). Biochem. J,
305, 41~50.

Young, CK, JW. Stull, RR. Taylor, RC. Angus, and T.C.
Daniel. 1980. Acceptability of frozen desserts made
with neutralized, hydrolyzed, fluid cottage cheese whey.
J. Food Sci,, 45, 805~808.

1998d 59 139 A
19983 8¥ 289 4&)



