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3304 (Streptomyces platensis NTU3304) =4 #9 e sh L-5 R B A ALBE (L-glutamate oxidase, Gox) 3B gox #k4-
BB TERTL LG Cellulomonas fimi 89 ¢ 4 & 45 4 3% (CBDcex) #9924 BH £, #M#E & X H K
pETM10-Gox-CBD, F & XMATH F kL, @1 &G 4R FEEZE, F4 2% H Gox-CBD. #| CBD 3tk
BRI G L B AT R L, ST B R ABR B & A6 BB MR AL kb
UpFELBEANRFRTTHARL. £4 CEHTLEL 1 h, 5% Gox-CBD &6 £ %4 iyt o =0
THE| 9.0 mg/g. Wit FLA | RRA KK B 69K B RACKE B e F b 49 5 R BR AR 6 B 2 R AT
PRI K I, B R ACER 6 LB E A PR, 2 B R ALBE e B AL AR T BB TIRKRE, £ 60 CHF
30 min BEREH L 10%69F ., miEBe)ELE Gox BRI FMHTILFR oL EFH., YA ESEOE
pH<10 K& 3K E>5 mmol/L 4 NaCl £H FTTUAEE LA, FATUBE—FbF kB LS EY
Gox-CBD F#@mA %4 L. Rk, L-BRABREINES 4 4 20RO AR HE G 69 AL BB B %
PR T —FF 37 R,
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Abstract: Immobilization of enzymes is important and widely applied in biocatalysis. Streptomyces platensis gene gox,
encoding an extracellular L-glutamate oxidase (Gox), was fused to cellulose binding domain (CBDcex) from Cellulomonas
fimi and the recombinant protein Gox-CBD was expressed in Escherichia coli. The fusion protein (Gox-CBD) was
immobilized onto microcrystalline cellulose. The preparation conditions, binding capacity, properties and stability of the
immobilized enzyme were studied. Under the condition of 4 ‘C, for 1 hour, the fusion protein Gox-CBD was able to bind
microcrystalline cellulose at a ratio of 9.0 mg of protein per gram of microcrystalline cellulose. Enzymatic properties of
free and immobilized L-glutamic oxidase (Gox-CBD) were compared. The specific activity of the immobilized enzyme
decreased, but its thermal stability increased a lot compared with that of the free Gox-CBD. After incubation at 60 ‘C for
30 min, 70% of the total activity remained whereas the free recombinant Gox completely lost its activity. The immobilized
protein was tightly bound to microcrystalline cellulose at pH below 10 or more than 5 mmol/L NaCl. The fusion protein of
Gox-CBD can be specifically immobilized on the microcrystalline cellulose on a single step. Therefore, our findings can
provide a novel strategy for protein purification and enzyme immobilization.

Keywords: L-glutamate oxidase, cellulose binding domain, immobilized
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Gox [26]
Gox
Nde 1 /Xho 1 Gox-CBD 16 C IPTG
pET-24a(+) pET-24a(+)-Gox 0.5 mmol/L 12 h 16 'C IPTG
pET-24a(+)-Gox PCR 0.1 mmol/L 12h
(D Gox PCR
95 C 2min 95 C 20s 63 C A (50 mmol/L Tris-HCI, pH 7.4,
20s 72 °C 1 min 30 s 30 72 C 100 mmol/L NaCl)
5min PCR 1 mmol/L (PMSF)
cycle- 3 (4 'C 15000 r/min
pure 1 h) 0.45 pm
gox Nco 1 Hind III HisTrap™ FF
B (50 mmol/L Tris-HCI, pH 7.4,
pETM10-CBDcex 37°C 1h 100 mmol/L NaCl, 500 mmol/L )
cycle-pure SDS-PAGE
T4 DNA 1.2.3
Escherichia coli DH5a 1.0g (MCC) 15 mL
PCR DNA 2 (5 000 r/min
pETM10-Gox-CBD 5 min) C (20 mmol/L KPB,
100 mmol/L NaCl, pH 7.4) MCC
% 1 PCR 31#R9i&1t 10 mL
Table 1 Design of PCR primers m (
Primer name Primer sequence (5'-3") 1.435 mg/mL) MCC 47T 4h
Primer A CATGCCATGGCTGCGGCCAAGACGT (10 20 25 30 60 90 120 240 min)
GTCAG ]
Primer B CCCAAGCTTGCCTGCACCAGCGCTG 4°C
GTAACAACGTCCTC 1 mol/L NaCl D

Note: the underlined bases represent Nco [ and Hind 111 (20 mmol/L KPB, 1 mol/L NaCl, pH 7.4)

cutting site respectively.

1.2.2 Gox Gox-CBD
pET-24a(+)-Gox pETM10-Gox-CBD
Escherichia coli BL21 (DE3) 10% SDS-PAGE
Bradford
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1.24
4- 100%
(%) 1 mL 30 C L-
10 min 505 nm
Gox 30 C L-
1 pmol I mL 100%
10 U/mL
25 mmol/L  L- 2 mmol/L  4-
10 mmol/L pH 7.4 0.1 mol/L (pH 7.4)
1.25 Gox  Gox-CBD
Gox Gox-CBD
MCC  Gox-CBD 100%
pH
GOX Gox-CBD 1.2.6
Gox-CBD Gox
( ) (<5 mmol/L)
pH>9 [27]
20-80 C
100% Gox
MCC
20-80 C 50 mmol/L  Tris-HCI
30 min (pH 7.4)
100% SDS-PAGE

pH
pH 4.5-8.5 (pH 4.5-5.5 0.1 mol/L
pH 6.0-8.0 0.1 mol/L
pH 8.0-9.0 0.1 mol/L NaCl
50 mmol/L Tris-HCI)
100%
pH
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1 mol/L NaCl
(NaCl
1 mol/L 0.5 mol/L 0.2 mol/L 0.1 mol/L
90 mmol/L 50 mmol/L 30 mmol/L 20 mmol/L
15 mmol/LL. 10 mmol/L 5 mmol/L. 0 mmol/L)
10 (CV)
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pH
pH 4.5-12 (pH4.5-5.5 0.1 mol/L
pH 6.0-8.0 0.1 mol/L
pH 8.0-9.0 0.1 mol/L NaCl 50 mmol/L
Tris-HCI pH 9.0-10.0 0.1 mol/L -
pH11.0 0.1 mol/L -
pH12.0 0.1 mol/L -

)

127 Kn

L- 3—15 mmol/L
Lineweaver-Burk
Gox Gox-CBD
K
128 Gox-CBD
1.2.2
MCC 4 C 4 h

Gox-CBD

1 mol/L NaCl
D (20 mmol/L KPB, 1 mol/L. NaCl, pH 7.4)

10% SDS-PAGE

2 BR52H
21 RHIKRHIE

Gox
pET-24a(+)-Gox
PCR gox Nco 1
Hind 1II T4 DNA
gox pETM10-CBDcex
pETM10-Gox-CBD
Gox Linker CBD N Linker

(28]
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2000bp( 1)

PCR

DNAMAN

bp

2 000

1 000
750
550
250

100

1 gox EEH PCR ¥ 18
Fig. 1 The amplification of gox gene by PCR. M: DNA
marker; 1: PCR product of gox gene.

2.2 ER&ZERA Gox-CBDcex BIFKi%
1.2.2
pET-24a(+)-Gox pETM10-Gox-CBD
Escherichia coli BL21(DE3) 16 C 12h
10%  SDS-PAGE
78 kDa ( 2) 88 kDa ( 3)
Streptomyces platensis NTU3304
Gox a B vy
74 kDa"!
X-119-6 (Streptomyces sp. X-119-6)
84% a B vy
Arima ¥

Streptomyces griseus
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kDa M 1 2 3

170
130

100
70 Gox
55

40

35

25

15

B2 #FSFRAEHLHER Gox B SDS-PAGE 73 #
Fig. 2
expressed and analysed on SDS-PAGE. M: molecular
weight marker; 1: the cell extract before IPTG induction
as control; 2: the whole bacteria extract after IPTG
induction; 3: the soluble fraction after IPTG induction.

The recombinant protein Gox was induced,

kDa M 1 2 3

170
130

100
70
55

40

Gox-CBD

35

25

15

3 FESRIXEFHERA Gox-CBD #J SDS-PAGE £ #7
Fig. 3  The recombinant protein Gox-CBD was
induced, expressed and analysed on SDS-PAGE. M:
molecular weight marker; 1: the cell extract before
induction as a control; 2: the whole bacteria extract after
IPTG induction; 3: the soluble fraction after IPTG
induction.
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Gox
Gox
78 kDa 74 kDa

Gox-CBD

2.3 Fh&EER Gox-CBD Hy4ifk

pET-24a(+)-Gox pETMI10-

Gox-CBD Escherichia coli BL21 (DE3)
50 pg/mL
LB 37 C
1 100 2L
37 C 220 r/min
(ODg0o) 0.6
2.2

(4°C 5000 r/min 30 min)
I mmol/L PMSF

(50 mmol/L Tris-HCl pH 7.4 100 mmol/L
NaCl) 3
(4 'C 15 000 r/min
1 h) 0.45 pm
Ni-NTA
10%
SDS-PAGE 78kDa 88 kDa

Gox Gox-CBD( 4)

24 AU(RLESHMEERMNE
CBD

Cellulomonas fimi  CBDcex

[29-30]

Gox-CBD MCC 4 C
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Gox-CBD
1 mol/L NaCl D

MCC
MCC 9.0mg/g( 5)

kDa M 1 2

170
130

100 Gox-CBD

Gox
70

55

40

35

25

15

Bl 4 SDS-PAGE ##T: Ni-NTA #EMMALEHE
B Gox-CBD #A Gox

Fig. 4 SDS-PAGE analysis: the recombinant protein
Gox-CBD and Gox were purified via Ni-NTA affinity
chromatography. M: molecular weight marker; 1:
purified protein Gox-CBD; 2: purified protein Gox.

12

10 -

Protein bound to MCC (mg/g)

0 50 100 150 200 250 300
t (min)

5 Gox-CBD #&WMmeA4:R (MCC) HEEE

Fig. 5 The capacity of Gox-CBD binding to MCC.
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25 Gox 5 Gox-CBD Byfis =434 M &
25.1 pH

pH (pH4.5-5.5 0.1 mol/L
pH 6.0-8.0 0.1 mol/L
pH 8.0-9.0 0.1 mol/L NaCl

50 mmol/L Tris-HCI) Gox
MCC Gox-CBD

pH 6.5
pH pH ( 6

1501 o Gox

—m— Free Gox-CBD
—a— Immobilized Gox-CBD

100 |-

50

Relative activity (%)

04 5 6 7 8 9 10

pH

E 6 pH {EXEE R
Fig. 6 Effect of pH on enzymes activity.

25.2
Gox
MCC Gox-CBD
20-40 C
40 C
Gox Gox-CBD
Gox-CBD ()
Gox Gox-CBD
20-80 C 30 min
Gox
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Gox-CBD Gox-CBD
60 C
Gox Gox
70% ( 9
1501 o Gox
- —m— Free Gox-CBD
é —a— Immobilized Gox-CBD
Z 100+
2
2
2
g 50
Q
=4
O 1 1 1 ]

20 40 60 80 100
Temperature ('C)

7 RN EERYIE RN

Fig. 7 Effect of temperature on the enzymes activity.

1507 _o— Gox

—m— Free Gox-CBD
—a— Immobilized Gox-CBD

100

501

Relative activity (%)

0 1 1
20 40 60 80 100

Temperature ('C)

8 mgRYIEME
Fig. 8 Thermal stability of the enzymes.

253
1 mmol/L
100%
HgC12 CuClz Gox
Gox-CBD Gox-CBD
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254

150
M Gox

I Free Gox-CBD
I Immobilized Gox-CBD

100

50

Relative activity (%)

0
S OO A A A A A A

Different metal salts
9 FREEREBFIEEERIFMm
Fig. 9 Effect of different metal ions of enzyme activity.

F2 Gox EMHFHFMESH
Table 2 The substrates specificity of Gox

Recombinant Free Immobilize
. . . Gox-CBD d Gox-CBD
Amino acids  Gox (relative . .
(relative (relative

activity, % .. . .
¥. %) activity, %) activity, %)

L-Glutamic 100 100 100
acid
L-Glutamine 0.70 1.73 111

L-Aspartic acid 0 0 0
L-Asparagine 0 0 0
Glycine 0 0 0
L-Alanine 0 0 0
L-valine 0 0 0
L-Leucine 0 0 0
L-Isoleucine 0 0 0
L-Methionine 0 0 0
L-Serine 0 0 0
L-Threonine 0 0 0
L- Cysteine 0 0 0
L-Proline 0 0 0
L-Phenylalanine 0 0 0
L-Tyrosine 0 0 0
L-Tryptophan 0 0 0
L-Lysine 0 0 0
L- Arginine 0 0 0

0 0 0

L- Histidine
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L-
Streptomyces platensis
NTU3304 Gox L-
[10] L
120
~ 100%
S T4 .
z 80F
2
S 60t
2
£ 40f
Qo
~ 0t
O 1 1 1 1 1
1 2 3 4 5
Times

10 EIZE Gox-CBD By#R{ER E 1%
Fig. 10 Operational stability of immobilized Gox-CBD.

2.5.5

[31]

10 5

Gox-CBD

2.6 [ElELEE Gox-CBD &5 aEMHMHR

MCC
Gox 271
Gox-CBD
MCC
( 1D Tris-HC1 (pH 7.4)
Gox-CBD MCC
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40 CV

Residual amount (mg)

1 mol/L  NaCl
NaCl 5 mmol/L
Gox-CBD ( 12)
[15]
200 CV
13
pH pH 4-10
Gox-CBD MCC pH=10
9.6
92
% o+
8.8
8.4r
8.0 1 1 1 1 1

10 20 30 40 50
(0)%

E 11 {KE (50 mmol/L Tris-HCl) XESEE IR
Effect of low salt (50 mmol/L Tris-HCI) on the
protein binding capacity.

Fig. 11

Residual amount (mg)

& 12

10

6

\Q

ng,)Qﬂ_}QWQ\‘)\Q 5 Q

S (’)QQ WQQ \QQ

Concentrations of sodium chloride (mmol/L)

GBEEEMRMZ Y

Fig. 12 The salt tolerance of binding protein.
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Gox

27 Kn{EENE
K
K K
Lineweaver-
Burk
v 1/S] Gox
Gox-CBD K, ( 3)
Gox-CBD Kin

Gox-CBD

Gox

Gox

CBD
[32]

—
(e
1

O
T

Residual amount (mg)
-3 o]

6 1 1 1 1 ]
4 6 8 10 12 14

pH
13 AR pH MEEEBHIFNG
Fig. 13 Effect of different pH of protein binding
capacity.
®3 BEHHNE
Table 3 Determination of enzyme constant

Specific
Enzyme K, (mmol/L) activity (U/me)
Recombinant Gox 4.6 10.2
Free Gox-CBD 10.5 10.0
Immobilized
Gox-CBD 10.0 9.0

http://journals.im.ac.cn/cjben

28 —FHiLREER Gox-CBD
Gox-CBD
MCC
SDS-PAGE ( 14)

MCC

kDa

170
130

100
70

55
40

35
25

15

14 SDS-PAGE 4}# Gox-CBD By —# 4tk Bl E 2
MCC t

Fig. 14 SDS-PAGE analysis of one step purification of
Gox-CBD bound to MCC. M: molecular weight marker;
1: control; 2: whole bacteria; 3: soluble fraction of
whole cell lysate; 4: insoluble fraction of whole cell
lysate; 5: flow through; 6: washing fraction; 7: bound
to MCC.

3 &%
CBD  Gox
Escherichia coli BL21 (DE3)
Gox-CBD
IPTG 0.1 mmol/L
16 C
Gox Gox-CBD
Gox-CBD
(Gox-CBD) 4°C lh
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9.0 mg/g

Gox Gox-CBD Gox-CBD

pH
Gox-CBD Gox

60 C 30 min 75%

Gox-CBD

(33] Gox

Gox-CBD MCC

Gox

1)

2)

Gox o-
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