J. Korean Soc. Appl. Biol. Chem. 49(3), 180-185 (2006)

Mannobiose-Sepharose EA|EA 3 Affinity column chromatograpy
Ol 2|8t Debaryomyces sp. el o-Galactosidase2)
M A 71" 5o|d

3 2
AAgE TN ABIHE 2A - ABPIFHAT

Purification and Substrate Specificity of Debaryomyces sp.
o-Galactosidase by Mannobiose-Sepharose Affinity
Column Chromatograpy

Gwi-Gun Park*
Department of Food & Bioengineering, Kyungwon University, Seoungnam 461-701, Korea

Received May 25, 2006; Accepted September 11, 2006

o-Galactosidase was partially purified from the culture filtrate of Debaryomyces sp. by Mannobi-
ose-Sepharose affinity column chromatography. The galactosidase exhibited maximum activity at
pH 4.0 and 60°C, and was stable in the pH and temperature ranges of 3 to 4.5 and 30 to 50°C,
respectively. The enzyme was inhibited by Hg** and Ag”. The enzyme activity was not affected
considerably by treatment with other metal compounds. The enzyme hydrolyzed melibiose to galac-
tose and glucose, raffinose to galactose and sucrose, and Gal’Man, (6’-a-galactosyl-1,4-mannotriose)
to galactose and mannotriose. On the contrary, it could not hydrolyze Gal’'Man, (6*-o-galactosyl-

1,4-mannotetraose).
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Copra meakZ 40~50%2] galactomannan(Gal : Man=1:10~1:15)
o] THE0o] glom o]9t ZFo] mannose¥EFe] FHSH FAlo
<E7F 5 mannan®] AL AKAANA I3 =BT A
7HA] mAE EAE ARSI mannan®] fEolgWo] 3 A
T7F AYHA L3 9020, mannan ¥ mannooligosaccharides
o] 383 AN 2 BA Ak Arw AP S
o9 75F =9 mamnooligomere] ZAE sl Y=
galactomanno-oligosaccharide %  galactomaman & Z FE o-
galactosidase®  galactose® dWdls Zo] ZHd 4o,
galactomannan®] A 7RSS FoId= p-mannanase, B-
a-galactosidase®] Z-&-F el tigt wjFhFo]
TEEA 2431 ¢t} Kanekoe galactomanno-oligosaccharidesol]

mannosidase 2

Nt Mortierella vinaced”, Penicillium purpurogenum, Aspergillus
niger 359 APdE a2l a-galactosidase®] 7] AEo|HS F
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B3t vAAE-Re9] B-mannanase?} #3F BI= U 9o
WO x| Streptomyces sp. No.17'V, Leucaena glanca',
Bacillus ~ subtilis®ZF-E  AAdE  3FFY gdvol
galactomannandl] th3F Ao 7]@Eo4Jo] A=) A7t
A} copra galactomannan(mannose ; galactose = 14 : 1)l ogh v+
A# p-mannanase?] 7|AEo|Ae] s HHAD, EF copra
galactomannan®l] T3+ APd+F B-mannanase®] 71250 39
o] ZleP=lo] gt

o-Galactosidase(o-D-galactoside - galactohydrolase, EC 3. 2.
1. 22y= AAAlel WA BEFo] 2o1HY chromatography]
o3t HAle H2 BaEr] AR, 259 kinetics
o} 71A2A o]g3}7] #& oligosaccharide, polysaccharide®]
BEog o Axs AHEA| FE3l8ivl. &2 a-galactosidase
o] HA7leo] WHIHA B A7} P Ut vAE
29 a-galactosidased] tHE AF= Bo] o} Fhe] 7]
A Bolgo] izl AL gulEA etk a4 J1d &
0|44 P35t 8l o-galactosidaseS ke HHFFE
oligosaccharides’t Z a3l 7122A9] ol g0z & Aozt
LU

E dFone AEAA A 2§80l 3 galactomannan
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ol &7l e B8R Debaryomyces sp. 53] o-galactosidase
2] Mannobiose-Sepharose  affinity column chromatography |
o}gl HEAA] 549 galactosyl oligosaccharidese] thet 712
Lol HE F8 BEFOE &1 Ut

Nz o 2

A 25 R . ERgse 4 2 E A EAsket
AFAZHE FFE Bohdel Ao AR, 71ABRME
Melibiose(Gal-a-1 — 6Gle, Yakuri pure chemicals/Osaka Japan),
Gal’Man,(6>-a-Galactosyl-1,4-B-mannotriose), ~ Gal’Man (6’-o-
Galactosyl-1,4-B-mannotetraose)=S AH-3F T

28599 P 500 miE- E Bl flaskoll Table 1914
yehd vz zAE ke 9A 8iA 100mE ek
autoclavelX] 121°C, 15%:7F 7IPEdsied W2kl Debaryomyces
sp.8 19Fo] 2eFste] 28| F7](shaking incubator, Dong
yang science co.)PA 30°C, 150 rpm, 72417+ viSSIATE. ok
ZF 4-8N7F Ao E EANE samplingdle] pHYF EAHS &
At wido] Bk AN 10,000 rpm, 2087 FEAA
75 olgsl] AEds A2 BElsl #AY BAE
ZgadoF AMEIITE

2 9] 4. a-Galactosidase®] #4579 KanekodH
o) wht 3ksrt. A EF(12 x 10 em)ol PNP-Gal(p-Nitrophenyl
o-D-Galactopyranoside, Sigma) 2 mM5~8 500w/ ¥ Mcllvaine
buffer solution(pH 4.0, 02M Na,HPO,2} 0.1 M citric acid®]
EEEN) 400 w go] sk 65°C, 327t water bath’dol
A dgsigrt. Mellvaine buffer solution® 2 Z335] slMg &
2 100 W 718k 1087 WS 02M Na,CO, 1 mis 7}
o] WS $A8 408 mmollA FBEE FAST =3
olm| zHsE HEMOo2HE FE]E pnitrophenol (pNP)2|
%2 =3} B-Mannosidase A 99 A9 % ¥k
Ik 65°ColA Bdg ol o8] &4 S sisith

pNP £99] F29} 408 nmell Sloirle] F4=([A408))S] &
A= pH 400014 [A408] x 0.1143 = pNP(umol2 mi) ¥, [A408]
<0.6)3T}. =3 o-galactosidase”} PNP-Galg 7HE-8l 8t A
AEE pNPdst WHSAIZ ] BAlE 1087 BEEollA [A408]
7F 0.6 ©)3H8 e W g9 vlEd AE VeI

A7\9h 7He ARRFE WS- 5] [A408)7F 0.6 o157} HE
& FAAg FMalel 84 4L skuirh pH 40, 65°Co-
galactosidase, B-mannosidase)ollA] 187+l 1 pumol®] pNPE
PNP-GalZ2 78] FaA7le 8492 1wit2 Aolsiaint. vk
N7 4 AL 8 AMEe &40 2 100 pl|EE 3§
Adg Duf BXEl 48 EHske Atolle [A408] ~[AF}
3 &, 2 EA%Eunivmls ([AF[B]) x [D] x 0.1143, (BI=
FAAU FFHFE ARkl WA [A4081S VEERAITL

A 2 o-Galactosidase®] A, Affinity gel ZAIE 9
3] Sepharose 4M 75miE FTHFTE FE3I] AFHSIL 2M
Na,CO, 75 mP} Esled A3 wnlsheh =3k 25g CNBre
CH,CNel| &3fste] 382+ wekety w2l Wztgh 01 M
NaHCO,2 AM|& 3t 843} Sepharoses ASUTh. 6¢g

Table 1. Composition of media A and B

Medium A
Galactose 1%
Peptone 3%
Yeast extract 0.5%
KH,PO, 0.05%
MgSO, - TH,O 0.01%
KC1 0.01%
pH 7.0
Medium B
Raffinose 0.5%
Melibiose 0.5%
Lactose 1.0%
Peptone 2%
Yeast extract 0.5%
KH,PO, 0.0%
MgSO, -+ 7H,0 0.01%
KCl 0.01%
pH 7.0

NH,(CH)6NHZ 15 m/ 25401 £313k 6M HCIZ pH 10
oz FHE 2H8 30miE 75 ml Sepharosed] 7Fste] wwlsi
Hhe A At 257 0.5M NaCl® 151 SR/TE A H st
hexamethylene-diamine SepharoseE @At 75m/ hexamethylene-
diamine Sepharose$} 2.3g mannobioseZ F-F3t= 02M
KH,PO, 75mi%}t 2.3 ¢ NaCNBH,¢F E3ate] arnbspar A2
oA 50A17F WA o) WS 23] WRESITE 37 o)
o] Zg2g A} mannobiosed] FAUTO] SolFHoR
Sepharosed]] A3 FAIE ZASATH

20mM phosphate buffer solution(pH 7.0)°.2# FE3] F4
b =2 §ole EU3 buffer solution®® PlE] HATAIA
affinity column(1.5 x 5 em)ell 2 1 m/10 min® = F2HA|
t}. Buffer solution®E A% ¥ 0.5M NaCls &shke &
g0 thilde SEAIA FAE T8k
FA88A AA. Debaryomyces sp’t AAitehe 4AH9] &
olg3ale] HA pH, F4 2%, pH A, &= kA,
o] darse] A4AL sl ¥ pHe FAE
olg3led pH 2~89] W9, 65°CoIM galactosidaseZd
k. AF exE A7l AT FY BAE ol&
o] pH 4.0, 20~80°ColM B4-& Z743Itk. pH M4 4
ol ApEE 59 &EAE pH 2-89 Mcllvaine buffer
solution ©)8-3ta] 65°CIA 1417} preincubationd FA 2
ens AARSA FAETIYM ice-boxfiel WRIBkAL, pH 4.0,
65°CollA BAS ZAEIIT 25 AL §49e HA pH
9] Buffer Solutiondt &3] 20~80°C, 1417F preincubation
A& Fhol g YASA fAE] JaA ice-boxHell
w251 pH 4.0, 65°ColM =S4 F4ainh. S50l
o) GFS Table 2014 EAT FLoleS AzA FEIF 1
mMe] H=E EHFANS EFaial 20°C, 1M7L A F
pH 4.0, 65°Col 4L 43It

Thin Layer Chromatogragphy(TLC)gel €% 7|2 &e]A.
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Table 2. Effect of various compounds on the galactosidase from
Debaryomyces sp.

Compound Relative Activity (%)
None 100
MnCl, 96
ZnCl, 89
CoCl, 91
HgCl, 46
BaCl, 97
CaCl, 99
SnCl, 112
AgNO, 15
NiCl, 102
AlCl, 85
CdCl, 97
FeCl, 101
CuSO, 97
EDTA 93

Concentration of compounds, 1.0X 10° M

TLCE= Merck TLC plate Silicagel 609 sampleS- spotting 5
n-propanol : methanol : water(5 : 2 : 3, viv)e] Z7]-gmlollA] s}
Aok AN ¥ C-HSOE TSI 140°ColA oF 587 7k
sl 2SSt

=}

L &

b=}
|

8% o-Galactesidase] AJ4t. SA71A] 859 2o dist
a-galactosidase'*?7} B o] 9low, B3] 469%9 §E F
raffinose, melibiose, galactose 3 o= sh}e] 2& Asleh=
ERE 568, 990 ® yie F BT E Aglele ARE 27
Folgkal Bag up glrk. £ AFelXe 2059 AR iy
o= &lo g-galactosidase screening 2F-& 33Tl

Table 19114 XM= vle} 730 Debaryomces sp., Schwarmiomyces
sp., Pichia guilliermondii® 37} WA A} BAlA a-
galactosidaseS AJAF3IATE. HiA] A= galactoseE BHAYCE
slo] B 8ol ARS8 Debaryomces sp7} %2 galactosidase
48 =3 9 vix] BE raffinose, melibiose, galactoseS
gheoz 3o Schwanmiomyces sp.E EE S P
guilliermondi7t 52 B3& F=3l8tk viA] A9] galactose
th2lo melibioseS BAPORE Fj] EAREATS 3ot
melibiose®] T BARETN= vjR] BY 22 g@agdo] AR
ol ek Aoz AAREATH.

Fig. 12 AP 483 ¥ pHEsts RodFal e,
H 27| HE 840 FTI5AMIE Boli 3ot 40r71e]F F
B 343 24o] F7RslL e, 7047klA 25.8 unit/m/®]
H2Ade Jepiz Slok s wiYdx7] pH 6.0914 Al&E]
o] ujgHlol= pH 82 UEll= pHE] WH3E Holx 3l
727 7F wjekE A= Buchner funneld ©]-83F Toyo-roshi
No. 2 AFHAZA AASH, FFAE FAsl] xaANoR
ARE-3HA T

Schwanmiomyces spi= BFAIZE 207 7F

o|FHE HAL

30

™2 [
o) ian
T T

Galaciosidase Activity {units/mX— &~}
pH of Culture Filrate (- =)

40
Cutture Time (h)

o 20 60

Fig. 1. Time courese of the production of galactesidase from
Debaryomyces sp.
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Fig. 2. Separation of enzyme of Debaryomyces
mannobiose-sepharose column.

sp. on a

Z7H8 Holx lom 77 MidelME 18 unitmiE HERY
31 90w, Pichia guilliermondii= T2M 7 ¥FZ7194 10
uniVm/Z Debaryomces sp. 2 Schwanmiomyces sp2k Bl
o oha B2 B48 Yehllz dgo] BAEI TP
Affinity resin YA Pl o] F o-Galactosidased] FA.
Debaryomees sp7t AAbsle 284N FAste ToRE
affinity column chromatographyS 33130}, Columnell A &fst
7] A G/M(galactosidase/mannosidasey= 650013121}, 823
fraction No. 50~332] G/M 24950|2™ °o]& Hawkgo
AMg-8199EH), chromatogram®] 2= Fig. 20l YeRd vie} 72+
t}. B-MannosidaseE A A 3l7] 98] mannobiose-sepharose
column®l] )3t AAA7}L A8 o O™, Debaryomces sp.



a-Galactosidase®] 712 5o]4 183

100 x
80 |
60 |
40 |

20 |

Relative Activity (%)

100 -

80

80 -

Residual Activity (%)

S

100 bt

80 |

60

40 1

Relative Activity (%)

20

Temperature (T)
100 »-
80 r /

60

40

Residual Activity (%)

20 r

0 20 40 60 80 100
Temperature (C)

Fig. 3. Effect of pH, temperature, pH stability, and temperature stability on galactosidase activity of Debaryomyces sp. A, Optimum pH; B,

Optimum temperature; C, pH stability; D, Temperature stability.

9] 739 B-mannosidase®} a-galactosidase®] H-o]7} BE-E=E519
o AHog GMe] HIZE 71 Bold Adols J3e v
A %= Ao AEEh

Galactosidase Aol i3t pHY 259 AT T 4o
PNPG &3flell st pHe} 259 33 ATt ainks-
of tigt pHe| A (Fig. 3-A), TANLL e 2%
(Fig. 3-B), pHell tigh 49X (Fig. 3-C), 2ol thgh
o] <FgA(Fig. 3-Dy& YERISITH

a2 tigk PNPGE3IS 23 pHe 4.0, HFLL+E 60°C
o] pH 3~4.594 100%2] A=29S 1e)
ME 20%2 FAH3) 2L L. LEeEdAldA  30~50°Cel A
T 100%S] FEEA S VeI oL 70°C ool e 20%0)
ake] ZEEG S eI

P guilliormondiiil &l S4¢
4.5, gx%g_c};

i WS e, T

Ve
S

PNP-Galiale] #4 pHe
0°C2H, pH 4~559041 100%%] ZHEEA
< YERRR oY pH 89lM = 30%=2 43 7ad,
Schwanmiomyces sp.2) 739 & pHe 4.0, FFHL=E 65°C
ol pH 5~714 100%2] 284S vehd W pH 8.001
Me 60%2 AR, =AM 30-50°CIME 100%
o] ZEEALS e oy gcolrE ehde] daksis]nh

50129 9 Table 2004 YERH At
Debaryomces sp7t AB2F81= a-galactosidaser= Hg'oll 2]siA
54%, Agl 2ME 85%= AsiEon, 1 o]e]e] o)L

ol

ABC E
Fig. 4. Actions of Debaryomyces sp. c-galactosidase on melibiose.
A, Glucose; B, Galactose; C, Melibiose; E, Extracellular.

Haie & Fe 0A FUTh Schwanmiomyces sp. R P
guilliermondii F3¢] B4 Heoll 2ls|A 45%, 48%, Ag™

off olsirE 62%, 44%E A= AR 345 BT Hg
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Fig. 5. Actions of Debaryomyces sp. o-galactosidase on Gal'Man,,

A, Mannose to mannopentaose from top to bottom; B, Galactose; C,
Gal’Man,(63-a-galactosyl- 1,4-mannotriose); E, Extracellular.

Fig. 6. Actions of Debaryomyces sp. a-galactosidase on Gal3Mand.
A, Mannose to mannopentaose from top to bottom; B, Galactose; C,
Gal’Man,(63-0-galactosyl-1,4-mannotetraose); E, Extracellular

2 Ag’ o] &3 H=EHe FEHS e
o-Galactosidase 7]850]4). Melibiose, Gal’Man,, Gal’Man,
o] 7= 1%0] 71 EE Teshe B 1mpl 349 1w/
(135 unitsym)yE 40°C, 12A17F wkEAIZTE WREIRAIE 0, 0.5,
1, 3,5 8 12A7F BREHE Z47F 100 p# samplingled 55
2k B)Fel o whe-g HAAAT 7 wkgel viE grAde
TLCO oJs] X310} Debaryomyces sp-52) o-galactosidase
€ 2477k W& & melibiose, GalPMan,S 94 71pBs] 3le
Z¥z} galactose$t glucose(Fig. 4), galactose®}t mannotriose(Fig.
52 AL 3, GalPMangl) M E 1247+ HRSA)A

Table 3. Substrate specificities of fungal and yeast o-galactosidase
toward galactosyl mannooligosaccharides

Gal®Mana Gal®Mana
Gal
M.vignace Gal-M-M-M —eb]
M-M-M-M
Gal
A.niger 518 Gal-M-M-M —
M-M-M-M
Gal
E.purpurogenum Gal-M-M-M —a
M-M-M-M
Gal Gal
—| b |
M-M-M M-M-M-M

—+ _ linkages rapidly hydrolyzed; -+ , linkages not hydrolyzed

L 71ZA2RE galactose FE17F E7Fse] BRISUCHFig. 6).

P guilliermondii 2 Schwanmiomyces sp. 3 E4E
Debaryomyces spAdll £4:9 FY3HA melibiose, Gal’Man,°l
oisiA ekl 7hisl] sl 22t galactose$} glucose, galactose
¢} mannotriose®. E3HA M, GaPManoll tiEIME 12412
HREAARE 71HE FE galactose’t FElER] @80l ERIE 0]
37KA 718 gk 37k gRe] 2gealo] FUTS el
T AR,

of¢} 7 AFE oln] HuH F@o| Halo] aiol thit
1dEo|gds viws] £ wl Table 37 2ol Mortierella
vinacea, Penicillium purpurogennum, Aspergillus niger 37X
ZFol9] A% 712 GalPManell el dspergillus nigerS A
4%t Mortierella vinacea, Penicillium purpurogenmume &3
#4592 o3} 7ro] GalPMan,e] 1T Adlsly 9
+ galactoseE FEA7IE 3548°] AJt GalPMan,oll thal
A= Mortierella vinaceaRto) ER. 3359t FUsHA galactose
€ FEIANZIA B3 dspergillus niger$t Penicillium
purpurogenmum®) A= a-galactosidaser  galactoseS 231

she Aold Bolde Y.
= =

& AT Debaryomyces sp7t A4FSR= a-galactosidase®]

mannobiose-sepharose FA Tl & affinity column
chromatography & 4~3te] A4GA, &k slebg Az 2
galactosyl mannooligosacchrides®ll TH3l 7| 2E0)A] 78L& F

L EHo= sigict. widAZPE &A= pHY| sl ik
AIZE 40A R EAo] FUtSEaL glom, 70A)7kolA 258
unit/m/®} FHEAFS el 2lom, ulekz7] pH 6.0014 A)
ZElo] W7ol pH 8 Uehl® pHe W8lE BT
2 pHe 4.0, AF2=w 60°Col™ pH 3~4.5904 100%<] 2+
E84e YUehd ¥ pH 800X E 20%E F43] 7HAsly
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A LEAAA 30~50°CAM T 100%2] *HEBS VR
Aot 70°C o) dellrE 20% olEke] AEEAdS Jehiith
Hgoll 9Ja|A] 54%, Agdll olsiME 85%% Asi=glem, 1
o]2le] o] 2o diaiMe F FFS LA LJTE Debaryomyces
spA2 a-galactosidase= 24417+ HES- 3 melibiose, Gal’Man,
E &4 1R sl ZF2 galactose®} glucose, galactose®t
mannotriose®. 3= O GalPManell thalMe 1247 k-
NAZ 71ZZHE galactose F28]7F BrFsgo] 1=

Key words: o-galactosidase, Debaryomyces sp., mannobiose-
sepharose affinity resin
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