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10min Laemmli  “ SDS-PAGE
0.6 ~1 1.5
10min  12000r/min 15min 70% 1.5.1 20% ~ 95%
30l 50001/ min 10min
1.2.2 PCR GenBank 20mmol/L. pH 8.0 Tris/HCI buffer A
18S rDNA Vector NTI 7.1 30kDa A
DNA 2.0mL A HiTrap Q Sepharose
Pl 5'-CGGAGARGGMGCMTGAGA-3' XL Tmol/L.
PR 5'-GGGCATMACDGACCTGTT-3' NaCl A 2.0mL/min
1mL
1.2.3 DNA 1.5.2
PCR 94%C 3min Sephacryl S-200 1.0cm x 120cm
94°C 30s 55°C 30s 72C 1.5min 30 72°C 10min A 0. Sml/min 0. Sml.
1.2.4 1.6
DS-PAGE
NCBI SDS-PAG
10 MALDI-TOF-
Mega 3.1 F63  18S rDNA
MS N ESI-MS/MS
GenBank DQ499658
1.7
0. 1mol/L
CGMCC1669 .
Mcllvaine pH5.0
1.3 Img/mL 3mg/mL 2U o
1
pNPG pNPG Dt 40 24h
pHS.0 0.1mol/L Mellvaine CARBOPAC PA10  Dionex Corporation USA
20mmol/L. 10pL 90upL.  Mecllvaine 100pLL
20mmol/I.  pNPG 37C Smin 2.8mL 2
Imol/L.  Na, CO; 405nm oD 2.1 - F63
U 26
pNPG 1pmol 7d 37C o-
1.4 5 a- F63
Lowry " o 1.84U/mL  F63
65 -|- Penicillium freii (AJ005446)
76 Penicillium tardum KCTC16051(AF245233)
Penicillium sp. F63(DQ499658)
Penicillium sp. HAW-OCF6 (AY887948)
Penicillium commune IBT 15141 (AF548089)
Penicillium chrysogenum KCTC6052 (AF411201)
Hemicarpenteles ornatus (AB002067)
74 Aspergillus fumigatus (AB008401)
100 { Eurotium herbariorum (AB008402)
73 N -
0.002 | Aspergillus awamori (D63695)
66 | Aspergillus niger (D63697)
1 F63
Fig.1 Phylogenetic relationship between strain K63 with other fungi based on the 18S rDNA sequences. The values at the nodes represent percent

of bootstrap confidence levels based on 1000 resamplings. Bar 0.2% sequence divergence. In the brackets after each fungal name are the

18S rDNA accession numbers in GenBank Databases.
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18S rDNA
1 F63
2.3 o-
2.2 o- Fé63 o- 1 Sephacryl
18S F63 S200 FPLC
DNA PCR 1.0 kb 82kDa 2 o
GenBank 11 10.1% 106.4 U/mL
F63-18S 99%
1 o
Table 1 Purification of the a-galactosidase from Penicillium sp F63
Purification step Vol Total activity Total protein Specific activity Yield Purification
/mL /U /mg / Ulmg 1% fold
Crude filtrate 1200 2208 230 9.6 100.00 1.00
NH,; ,80, precipitation 80 1342 104.8 12.8 60.7 1.3
HiTrap Q Sepharose XL 7.5 784 11 71 35.5 7.4
Sephacryl S-200 HR 2 223 2.1 106.4 10.1 11
M 2 3 VNPLVLTGDMWR LEGLDENALYK PEVQDFLLK
Kha a- 2 2
- L “-
+—R2kDa a- 76% 2
66,2 — .
a- 4 a-
43.0— - -
30— 2.5 o
2.5.1 o
2 o SDS-PAGE 10~ 60°C
Fig.2 SDS-PAGE analysis of the a-galactosidase. M. Standard protein o 45%C
molecular weight 1. Culture supernatant 2. a-galactosidase after anion 40°C 50C  60%C 60min
exchange chromatography 3. o-galactosidase after size chromatography . 40°C 1h 60%
50°C Smin
2.4 40°C
2.5.2 o pH pH
MALDI-TOF-MS pH3.0~7.5  0.Imol/L  Mecllvaine
Mascot NCBInr pH8.0~9.0  0.1mol/L  Tris/HCl pNPG
a- a-
ESI-MS/MS 4 pH 5.0 pH4.5~6.5 85%
N QSEGYTVSEFQYK 12h
2 o- pH 5.0~6.0 12h
Table 2 The sequence homology between the sequenced inner peptides 93%
and the corresponding peptides of other fungal a-galactosidases 2.5.3 o a-
The sequenced Aspergillus  Aspergillus ~ Trichoderma pNPG
inner peptides niger nidulans reesei Lineweaver-Burk q-! v-!
QSEGYTVSEFQYK 66% 66% 76% K, =1.4mmol/L. V,, =1.556mmol/Il: min~" mg~'
VNPLVLTGDMWR 58% 75% 75% 2.5.4 -
LEGLDENALYK 0 0 0
PEVQDFLLK 0 0 0
The accession numbers of the amino acid sequences of the o-galactosidases 1.0mmol/L 3
from Aspergillus niger  Aspergillus nidulans and Trichoderma reesei are a- Cu’? SDS

CAB63901 EAAS58775 and CAA93245

respectively .
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o 88.7%
15 15
a- Ag”® a-
14 15 a- Ag+
3 o-
Table 3 Effect of various metal ions and chemicals on the a-galactosidase activity
Metal ions and other + + 24 - + 3+ 24 24 + 2+ 24 24 + +  FDT
chemical rengente O% KT Na' GETLiTGot o GOTONPT G MZ* Fé* Mot Zo** Ag* H#* EDTA  SDS
Relative activity/ % 100 104 949 93.1 98.4 94.4 86.2 97.9 19 97.1 66.1 61.3 92.6 8.7 0 104 26.5
2.5.5 o a- 45°C 37 ~40C 80%
pH 5.0 pH4.2 ~5.0
a- > > 75% a-
4
4 o- a-
Table 4  The release of galactose from galactose-containing a-
oligosaccharides by the a-galactosidase
The amount of The amount of D-Galactose
Substrate the substrates galactose released released
/mg /mg 1% o«
Melibiose 1 0.425 80.7
Raffinose I 0.204 67.5 pi 5.0 “ pit
Stachyose 1 0.420 64.8 o
Guar gum 3 0 0 oH - T g
3
o 1415
26 o-
5 a- F63 o-
F63 a-
18S rDNA a- N
100% 4
99% 58% ~ 76 % a-
a-
9% 100% o
10 F63 a-
cDNA BLAST
a- 66.7%
a- 69.6% a-
a- 80kDa 36
53~67kDa  ° a- 27 o
a- 36 a-
a- a-
82kDa a- a-
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Purification and characterization of a novel a-galactosidase from
Penicillium sp. F63 CGMCC1669

MI Shi-jun BAI Ying-guo MENG Kun WANG Ya-ru YAO Bin"
Feed Research Institute ~ Chinese Academy of Agricultural Sciences  Beijing 100081  China

Abstract An a-galactosidase-producing fungus was screened out of 26 filamentous fungi isolated from soil by us.
Phylogenetic analysis based on the alignment of 18S tDNA sequences combined with the morphological identification

indicated that the strain F63 was a member of the genus Penicillium . The a-galactosidase from Penicillium sp. F63 was
purified to apparent homogeneity by ammonium sulfate precipitation ion-exchange and gel filtration chromatography. The
molecular size of the purified enzyme is approximately 82kDa estimated by SDS-PAGE. The a-galactosidase has an
optimum pH of 5.0 and an optimum temperature of 45°C . The enzyme is stable between pH5.0 and 6.0 below 40°C .
The a-galactosidase activity is slightly inhibited by Ag®  which is dissimilar to other a-galactosidases. Kinetic studies of
the a-galactosidase showed that the K, and the V,. for pNPG are 1.4mmol/L and 1.556mmol/L. min~' .mg™"'

respectively. The enzyme is able to degrade natural substrates such as melibiose raffinose and stachyose but not

m

galactose-containing polysaccharides. The a-galactosidase was identified by MALDI-TOF-MS and its inner peptides were
sequenced by ESI-MS/MS. The results show that the a-galactosidase is a novel one.
Keywords Filamentous fungi Penicillium sp. a-galactosidase Purification Enzymatic properties
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