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WE: RERhizopus sp. ARG Hr- o -FIALWEFHE, *ﬂm‘ﬁﬁiﬁ'\%_ﬂz*ﬁﬁ%\ Sephadex G-100 &L yE -
RS T HIKEIR o EILREEEE, AT 2.3 4%, BEEFREILT] 25.9%, SDS-PAGE B HAHX 4 F HEN
168.8 kDa. %EE/KMEN THHEZE-o-D- LI EFHNEE pH HN 4.5, BBEEN 45 C, W K. BEA
0.340+0.026 mmol/L, &M kcat/K, 4 2.866x10* mol-1/(Ls); KIEE R FHEMENERIEN 10.0
umol/(hemg); KMEFHEMZ F®*. Cu®'. Mn™ il Hg" % B THIGRZIIME], (5 Fe WM B B ENBIEIER .
HEETE M AE pH4.0~8.9 R E, £ 45 CH{RE 60 min, RABTEET 77.4 %.
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Purification and Characterization of a-galactosidase

from Rhizopus sp. A03

WANG Jian-feng, YU Zhi-jian,LI Jiang,RAO Jun
(Department of Biology, East China Institute of Technology, Fuzhou 344000, China)

Abstract:Using three-phase partitioning flowed by filtration chromatography with Sephadex G-100, a
form of a-galactosidase from Rhizopus sp. A03 grown on soya bean dreg broth was purified to homogeneity
with a 2.3-fold increase in specific activity and 25.9% of recovery. The enzyme showed a monomer with
apparent molecular mass of 168.8 kDa by SDS-polyacrylamide gel electrophoresis and gel filtration.The
a-galactosidase showed high activity against p-nitrophenyi-a-d-galactopyranoside (pNPGal) but had slight
activity for melibiose and raffinose, and the optimal activity was observed at pH 4.5 and 45 C. The kinetic
parameters of K, and k./K, were 0.340+0.026 mmol/L and 2.866x10* mol/(L-s) with pNPGal, and the rate of
hydrolysise for melibiose was 10.0 umol/(h-mg) as much as that for raffinose. The enzyme activity was
activated by Fe*', but strongly inhibited by Fe**, Cu®*, Mn?*and Hg" at 5.0 mmol/L. The a-galactosidase was
highly stable over pH range of 4.0-8.9 at 25 “C, and its activity retained approximately 77.4% of the original
activity after incubation for 60min at 45 C.
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Mt SR, SLSHEWMHARARKETRY, RN 5. $THSe L LBEANTUE
FET, EREFAE 7.1%E6%. CHERARRAY, EGHAERPRMEFM o-LARHETRE
(a-galactosidase, aGAL, EC 3.2.1.22) T HBFEREXBHEFRREFRAFZNE, REZLET oGAL
BELLAMI F RAKBER R o- AR HE, MHEXNZMEE R o-LABRENEE. BREHEK
RIEYE. R AR REEEHSOEERTR, MM oCAL MEHRB GBI E LR o LI BHAKRS
HTPHENER. RTUBRESKBENTEERNMERLSHENEE, STPRAHS S A TEHEfK
— AR B Rhizopus sp.A03 REEGWHIH oL HEE, 450 A BEHERILIEX Rhizopus sp.A03
FEA KA - I T B —oGAL-R3 AT T 20 B AL RIBE 2 S0, LU ARBAARE %R S E
ook RS EFRINFRMAEER, BATRHAMH oGAL M RN HIRHESR&E,

1 R 57AZE

1.1 #¥

1.1.1 &#r 1R% A03 (Rhizopus sp. A03), LWy E A THEFHEM.

1.12 3f#a&ih GERABACETA¥EAERE, SEEBLOIE, 65 CHRTEH; EARS
TEFREWA EEBAET, RTINS,

1.2 ¥

1.2.1 RE AB - FILBHENHEE S E (Do-LAEFEENH % : Rhizopus sp.A03 A FEMELH
BEFEE (2%G#, pH6.5) # 28 C. 100 v/min 8558 3 d; KB KE 24 Mt R IR NSRBI

Quo-(ABEHBEHN S E: W— e ARSI, =SEEO (12 000 r/min, 10 min) B EHER;
LB P EANHL) S04 E 15% (w/v), IIANEARST B, B4 #E 10 min, HES.L (12 000 r/min,
10 min) JGEEREME; FTHPERBEANHL)S0 £ 25% (wiv), 5 LHKSEEBRNTEERES.
#E 10 min, =& #5.0(12 000 r/min, 10 min) f5 B (8] #H, H ¥ ## 7E & & pH7.5.20 mmol/LNaH,PO,-Na,HPO,
ZErith, B178 «GAL-R3 B§¥#; BX 1.0 mLaGAL-R3 B HTEEMIIT I8 (Sephadex G-100), LA pH7.5.
20 mmol/L NaH,PO,;-Na,HPO, &M K ¥Efit, K 9.0 mL/h, & 3.0 mL WE—F, BN ELEZERE.
1.22 247 & (DEEFRKRENNE: Y% Bradford X9,

Q)E A RARX 4 FRE RN E B E % £ SDS-PAGE £1F: KA 4% B 10%, F6
#J: Coomassie brilliant blue R-250.

3)o-LAFELBEE HIM E . pNPGal (4-FEE K E-o-D-HERFEFAFEH) #%: 5 mmol/L pNPGal ¥
0.2 mL. pH4.5. 100 mmol/LNaAc-HAc £& M ¥ Fi& B 0.8 mL, WERE T XY 4 min, 2 mLNa;COs

(2%) &I1FRMN, LA NayCO; KiEBBENT R, 400 nm &b tL . BEIEHAL: 4 1 min =4 1 pmol XY
EXEFEBEAN1IU. WiFh: SETEARSEN o L ABTBEE R

DNS (3,5-"TEKGE) 5. 1%%E 8 (KT ¥ 0.3 mL, pH4.0. 100 mmol/LNaAc-HAc
SIS B 0.7 mL, —ERE FAEMKMN 12 h; A DNS K5 1.0 mL &bk N, #HAKBEE
5 min, FAKEA, FEBYUHBEIFME 482 nm (RNPEFKERITE) &XeTBfE, L DNS RAH K
ERAET R, BRI 8 1 h ™4 2 umol (1 pmol) HEFEL R UETEHEAN 1U.

GBHEERNEEEIGEEEMNE: EARERE FLL pNPGal I EEEE, LIEGHE &= A
RNEEAEERMNEE; BRAANREEF 2545 20, 40 1 60 min FWERAMEE, URKE
B VR RIS N 100% , EREAS VR T BRI = .

G EERMN pH & pH BEMRINE . £AF pH HE M T 1% pNPGal LR 2B, UL
¥ B T B R Y pH R B4 = Y pH s 5 BV AR [R] pH B9 28 1h VR 1R S 435 SORR R, 25 "C ORI 12 h, 4K pNPGal

(O)THLE T EER W : E5ANEIREHFEREETHBRRNAERD L pNPGal KRN & B
W, LA BT KB AT i BV ) BBV 4 100%.

(NEHEEN 11 ¥ 5B I E : BV 7E 45 °C .pH4.5. 100 mmol/LNaAc-HAc Z 4 5 AN R FE(0.25.
0.50. 0.75. 1.00. 1.25 mmol/L) pNPGal &}, Wl & &I Excel 2007 Xl & HE AT LM S,
KEBKBEYH Kns Viaxr WEBEAETH kae

)V 447 KA DPS v3.01 £ MVAR, SSR K B E M KF « =0.05.
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2.1 1RE A03 a-LILFERWH S B 54k ks SOAL
KEEBOLUE . B.0JE BT B BR KA AL = A 5 A 200

BB U8, B B B E R BoR 1 MR A, Xk oGAL-

R3 i P, 3 B 7E SDS-PAGE il - B 7R 88— (& 1, el

972

X9 FRE N 168.8 kDa; aGAL-R3 #4i{k T 2.28 1%,
BEEWCE N 25.9% (R 1).

2.2 HRE A3 a- ¥ I EBHNBE LR

2.2.1 pH 5t a-FF 4 F & M AAEZ ey B 7 pH &

664

4.0~6.0 ¥, aGAL-R3 X} pNPGal % B B HI/K gt (B it

2), B pH{EH 45, 5.0 i, BH/KEESEER: BE

J A5 ! . B 1 o-L L B8 SDS-PAGE B %
L&Lpﬁ pH AL PR, pH (G 4.5 THE 301, FNE Fig.1 a-galactosidase from Rhizopus sp. A03 on
JE H1 100% FFEH] 3.1 %, pH MM 5.0 LF- £ 5.5 8, A%t SDS-PAGE

BEVE tH 100% T PR 2 66%, T/EkEE pH LFt, BEIE T REE
Fa%k, R pH GHW, MEMNBRENENENE. %425 C. pH4.0~89 N, aGAL- R3
HIEHSE T e 2 8 (B 2), H7E pH /N T 4.0 AR BIERE T, W0 %0 R0EZEE,
Rl o-AARERNSBAL
Tab. 1 Purification of a-galactosidase from Rhizopus sp. A03

AL PR SEE/U BEA/mMg & H/(Umgh) LIRS W%
Purification step Total activity Protein Specific activity Purified fold yield
LB Crude extract 2.31 1.191 1.94 1.00 100
=#H7%} B Three-phase partitioning 1.22 0.280 433 2.23 52.8
%t 8 Sephadex G-100 0.60 0.135 4.43 2.28 25.9

222 BESN o-FHABFEEEHBAET MG TR Ll pNPGal HEWHI T B 5T aGAL-R3 iHF MM E
HHEZMR (B 3). aGAL-R3 7F 30~50 C¥IA/KM@AENE, BEEHBE N 4ST, BRNBEST S0C
i, BEVEMERUBITFE, 55 CHIERM R NS R B KBS 4.3%. oGAL-R3 7£ 45 C{#if 60 min, &
ERE T 77.4%, TLE 50 CHRIE 60 min, EEIERE T 55.4%, ik, aGAL-R3 & e B E,

| t{min)

120
4 oo
..
2 2
= 5 10 “—;f
1 1]
: 9 { 40 45 ] 60
pH S TIC
Bl 2 pH XY a - I8 ERE o MRS e e R B3 BB o - FUREH B MR AR E S
Fig.2 Effect of pH on a-galactosidase activity and Fig.3 Effect of temperature on a-galactosidase activity and

stability stability

223 £RE Tt o-F A FBE M Fh aGAL- R3 /K% pNPGal FEMSZEBEFHE® (£ 2).
HAREF (5 mmol/L) & Zn” WEEH LR EEMW; Fe ' MREEAT BEMMISHR,: K. ca®.
Mg®'. Ba®*. Cu’". Fe**. Mn*". Hg "% B FHHIEEE, Ko cu®. Fe¥*. Mn®. Hg" %30 %I /& A 1%
ABE.

2.2.4 a-FFLAEF BRI F B E FE pHAS. 45 CHIRM &M F, oGAL-R3 /Kf# pNPGal
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B % E RS BIH: Kn=0.340£0.026 mmol/L, Vipa=3.464%0.106 IU/mgPr, key=9.745+0.298s, kea/Km
=2.866x10* mol™ L-s'; 7F pH4.5. 40 CH} oGAL- R3 BE/KMRE — 8. M7, /KMEEEMY, KIKH
10.05 U/mgPr. 10.31 U/mgPr. B, aGAL- R3 femRA 4 pNPGal FI/Kf#, MM 8. MK
fRBESILE5 .

®2 ERBTY - AETMERKE W
Tab.2 Effect of metal ions on a-galactosidase hydrolyzing pNPGal

B F Ions FEXT BEVE /% B F lons X ERIE /%
(5 mmol-L™") Relative activity (5 mmol-LY) Relative activity
H,O 10042.5° Ca* 85.6+0.2%
K 86.7+3.6° Mg* 87.4%2.0°
Ba®* 79.2+6.5¢ cu* 39.7+1.8°
Fe** 106.5+1.4° Fe** 433%5.0°
Zn* 97.3+4.7° Mn?* 21.2+6.3f
Hg" 8.6+1.88
3 it it

FoEATFERaRMNERNTH oL AEERE, THMEYE oGAL BRI THR, EININEEE
HEANG FREFEM. BEERARAMERKER. —RAE S WH oGAL HEERMN pH N 5.0~7.5,
BiE RN 37~40 CY, 1B Rhodothermus marinus MBS SIRE R 85 C: ZREE KRR WG
oGAL MIB&E RN pH K 4.5~8.0, BiEEE L 50~60 C, «GAL 1 pH R E Wi E £ & pH5.0~9.01 5191,
HEEEEE DT 60 CM, WF dbsidia sp'?, Penicillium sp. ") #1 Aspergillus terreus GRU 25 Bk
i5%) 65 C, Rhodothermus marinus®®3%%] 75 C. HAMAEN oGAL B HEM T EE K ZE4aEA D
Bifidobacterium bifidum (FM 45T X} FiE 243 kDa. W 85 kDa) ", Bifidobacterium breve ([F]—
Bk, RMAFAEXFE 160 kDa) ), Rhodothermus marinus (T BEARFT M 4> FHH5 R E 200 kDa.
T3 50 kDa) ), #54 E R oGAL B % B4k, WIET Rhizopus sp.. Gibberella sp.(IL & HI Xt 43 T
Ji & 82.0 kDa. 82.9 kDa)l'l. SDS-PAGE |78 aGAL-R3 IR MAAX 4 F B A 168.8 kDa, 454 1%EMH
B IR B I IR, «GAL-R3 & 168.8 kDa MJHARH, XAEMRIMFHILMRIE. oGAL-R3 %
2 N8 E 40~50 °C. pH4.0~6.0 BB EEEEN, BRERNMBE N 45C. REKRM pH X 4.5, 5HT
Aspergillus oryzae If] aGAL (pH4.8. 50 'C) U*#H{l. oGAL-R3 7E pH4.0~8.9 P4 25 CIR#R 12 h, B
PR e 2R, pH /MTF 4.0 BESE{URE T 11%; #£ 50 C{RE 1 h, BERE T 55.4%, B4,
KB MBI ESEECH URREMTERE AN

aGAL-R3 % pNPGal. Z ¥ i FHEESAE K A8, 7K A% pNPGal I 68 /1 5 58, I Ko B SR T Aspergillus
terreus GR ] aGALMEL; aGAL ##4% pNPGal KBEFIIEM ¥ Z & B E THM4E], Cu™. Fe*'. Mn?'.
Hg' &% m7HNHIBE S, T Na'. K'. Ca®'. Mg” S ¥ xi#giE ks st o1, HE «GAL-R3
TKARBIE BRI Fe® IS . % oGAL X% 8. MTER/KBIEMHRSS, ¥EEERENE &S
TR 24 h T EER B RS =, oGAL-R3 KBE . MTPHENEEEES, EKEEES M
FRIEH aGAL 38, KRV 12 h BRATRY 3 B0 R N =4, &ONEBE4r )24 10.05 U/mgPr. 10.31 U/mgPr. &
B, LREHRRE A3 KBIUBARAENEREFNESE. BTHESYR, ZHKREEABENBRER
MRS EF A EHAEAERKE LN ANE.
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