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Glucose oxidase� �� ��� ��	
 ��
� ��� �� �� Table 1� ��� �� �� ���� ��
� �

��� ��  !� �"#$ %�& GOD$ '�� (�
)�. Aspergillus niger� *+� , - ./0� 1234
5

674 8�	
 9:;� <=
� >?� @A	
B @C$ D�� EFG45 H<I JK�L DEAE-Sepharose�M �

���. =40 NO	
 0.1 M NaClP 0.1 M McIlvane buffer(pH 6.0)� <=
� GOD� 34��. <�� �� P��

�QR ST UV Sp. activity(304µmol/mgWmin)& UV X�(95%)$ glucose oxidase(GOD)� Y� ; Z[�. YF\

GOD� �5] GOD$ 3^_ 150,000P� `4 - 3^_< 70,000-81,000 a<
 bLS[�.

Abstract − Glucose oxidase(GOD) from Aspergillus niger was mainly purified by anion exchange chromatography on

DEAE-sepharose. Other purification steps such as salting out, cation exchange chromatography, and dialysis were also tried.
The purified enzyme was homogeneous on HPLC and SDS-PAGE. We determined an optimum purification condition for high

GOD purity. Activity(304µmol/mg · min), concentration(5.07 mg/mL) and yield (95%) from the starting enzyme source were

obtained.
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1. � �

Glucose oxidase(GOD)� β-D-Glucose� ����� glucono-δ-lactone

�	 
��, 
 ��� ���� ��� �����	 ���� GOD

� 
���� ��
� ��  
 !"
 #	 Penicillium notatum,

Penicillium anagasakiense $%� Aspergilluse niger &�� '( )*

+* � !,. - ./��� Aspergillus niger� ��01�2, 
 �

�
�� 345 GOD� FAD(Flavin Adenine Dinucleotide)� 670

� !�2 $ 89:( ;< 150,000=>
,[1].

?@, gluconic acid� 
���� GOD� �� ABC
 DE ��

FG, glucose FGF, HI JK LM� �����N OP��	� 


�0Q> @,. ?@, glucoseN R>� 8S0Q T@ PUV=8W, J

K8W, XY8W�� Z
[\�	� �=� ]�	 ����"� !

,[2, 3].


�^_^ '( GOD� 8%=F0Q T@ ./� 
` '
 
a

b !,[4, 5]. 
 ]�N cd pH� 5.5, &ef( 4.2=>g� hib

!,[1]. 
� 
�@ =F V=�	 ammonium sulfate fractionation[1]

� DEAE-Cellulose[6]� Gjk � !�l e9N mn��� o( �

p* +* �� !"
 specific activity(U/mg protein)̂  o" q02

r9N st� specific activitŷ  uv w ox yz{ |
,.


` ./5 =F V=� N0} �=
 ~�0� �� ��	 ��7

� �g GODN �p
 ���,. �g�, - ./N �d( ��@ =

F mn�	 o( �pN GOD� +�l !,. 
� T� ��5 
�

��Q� GODN �4� !�� �� �Y
 )
� ��Q�, dx

yzy� �
� ��Q DEAE-sepharose� ��01�2 ��@ ��

��( [�U�* �, � FGk � !� McIlvane buffer	 ���*

�4��,. 
��� �	��$��(IEC)	 =F5 GODN R> �=

� specific activityN �=�	 � ^"  �� cd�	 
¡0� ��

p/�¢>N GOD� +* � !� ��@ =F�=* ./01,.

2. ���� 	 
�

2-1. �� ��� ��

- ./� ��@ £#� ATCC 9029 Aspergillus niger
2 500 mL
512
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�:N baffle flask�� ~¤/¤C ¥"[7-9] 100 mL* shaking incubator

�� ¥)01,.

2-2. �	 
 ��

¥)�N Y&� 
* 8% Table 1� ¦G0� CM-Sepharose CL-6B,

DEAE-Sepharose CL-6B� 
�0� =F� ��01,. GOD� =F

7� !�� §¨@ ©( 
���QN AB, �4 bufferN  ª« pH,

�¬N �­C �® ¯ d°@ =F �± ²³ ��� �=0� ]�

=F� ´¨@ uµ* ¶�l !,.

GOD ���N ¢>� 675 ·¢U 7:N ¸¹ �=� GOD º

C 
»N ]� ºC�	¼ cellulase« catalaseN 67* =:0� ©

�	 e9� eQ½¾�	, r9� catalase ºC>N ¸¹d ?� �¹

d¿ �=
 !,.

2-3. 
�� �� 
 GOD �� ��

£ÀN PÁ( ÁÂ�	 ÃÄ
 ^Å02 $ ¥)� § ���N R

> ¯ GODN Æ^� �=01�2, ¥)�
 =F ��(Table 1)� G

Ç È�, �=@ r c;N �p* +* � !� �=* AB7� !

�l, ÉL ���N R>� Ê² ��� BSA(BioRad, 0.15 mg/mL)N

,)@ R>� ;� Bradford mn[10]�	 595 nm��N ËÌ>� 


�@ Ê² Í:A�	®Î GOD̂  67�� !� ���N R>� �

=k � !,. ?@ GOD� 270-280, 375-380, 450-460 nm[11]�� c

; ËÌ>� yzÏ* 
�0� GODN Æ^� ,� ��J��« Ð


 ABTS(2,2'-azio-di-[3-ethyl-benzthiazoline-6-sulphonic acid]) ��N Ñ

Ò Ó�� 420 nm[1, 12]�� ��� �Ô Ó�:�	 �=01,. �=

5 activity� units(µmol/min)	 yz��l eÀ ��� § GOD« Ð

( ]�N =:( R> ;Õ� eÀ ��� mgÖ units	 yz× � !

�l $ ��( J (6)�	 ��Ø � !,.

GODN Æ^� Table 2� yzÙ protocol(Total vol.=1.20 mL)* ¦G

	 �=01,. GOD� N@ glucoseN ��« ABTSN ��J, Æ^

� �=0Q T@ ��J
 ,�� Ð,.

GOD
β-D-Glucose + O2→ Glucono-δ-lactone + H2O2 (1)

Catalase
H2O2→H2O + 1/2O2 (2)

Peroxidase
H2O2 +2H+ + ABTSRed→ABTSoxd +2H2O (3)

ABTS mole absorptivity ε=22.0 ∆A420/mM (4)

Activity(µmol/min) = (5)

Sp. Activity(µmol/mgÚmin)

= (6)

GODN # ��( J (1)
,. $�y [�U� §N 0y¿ catalase

� N0� ®��
 J (2)« Ð
 ­�Ù,. �g� catalaseN FG

^ §¨0x ��l - ./��� HÛI catalase 
* 8%@ ©


 EÜg GOD� F»@  Ý ���* [�U�	 �#01,. T

��J�� J (3)( GOD� N@ glucoseN �� =>� hE�Q T�,

Þ Æ^� �=0Q T� PCU¿ ������ 
�01,. ���

��� peroxidase� N� ABTS� ÓÑ�ß�l $ ÓÑ =>	 �

����N )� GODN Æ^� �=0x �� ©
,. Þ, GOD̂

'
 àá0} �����> '
 PCØ ©
2, ABTSN ÓÑN =

>> '* ©
Q Èâ
,. �g� 420 nm��N ËÌ>N ���

�Ô Ó�:* �=0� GODN Æ^� J (4)-(6)* 
�0� ��

k � !,. Æ^� �=0Q T@ ? ,Ô mn�	 o-dianisidine�

��0Q> 0�l $ ËÌ��^ ã 7.5[13] =>	 äQ Èâ� -

./��� ABTS� 
�@ mn* AB01,.

2-4. SDS-PAGE� HPLC

Table 1� ¦G0� +�� products�� GODN 89:* 15% SDS-

PAGE� ��0� å¿01,. ?@, GOD� 4.6 mm I.Dæ250 mm L

N C18 çè�� 
¾Y* 90% water« 10% Eé�y
êë uC�	

�%� ���2, 
ÈN ìí( 0.5 mL/min�	 îi�ï,. 
� Fig.

A420 min⁄∆( ) Cuvette Vol.( )
ABTS mole absorptivity( )

----------------------------------------------------------------

Activity( )
Protein conc.( ) Sample vol.( ) Dilution factor( )

-----------------------------------------------------------------------------------------------------------

Table 1. Explanation of various samples

Sample no.
Step

A B C D E

1,4 �

2, 3, 5 � � � �

6, 7, 8, 9 � �

10 � � �

11 � � � � �

A-Centrifuge(12,000 rpm, 4oC, 20 min)
B-Ammonium sulfate fractionation(70% and then 100%)
C-Dialysis with 0.01 M sodium phosphate buffer, pH 6.0
D-Dialysis with DW
E-Ion exchange chromatography

Table 2. Protocol for measurement of GOD activity

Blank GOD Catalase Final conc.

Glucose, 1.5 M 0.20 0.20 0.20 250 mM
ABTS, 20 mM 0.10 0.10 0.10 1.65 mM
Na-Azide 0.02 0.02 - 2.0 mM
Buffer, 0.2 M pH 5.8 0.80 0.79 0.81 132 mM
HRP, 40 U/mL 0.08 0.08 0.08 2.6 U/mL
Enzyme solution - 0.01 0.01 Sample GOD

Fig. 1. The chromatogram of Flavin nucleosides on Hypersil 5µµµµ C18,
3.2 mm I.D×250 mm L column under conditions of 1.0 mL/min
flow rate and 85% water/15% acetonitrile with 0.05% H2PO4;
1. FAD(Flavin adeninedinucleotide), 2. FMN(Flavin mononucle-
otide), 3. Riboflavin.
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514 �����������
1��« Ð
 GOD� /C0� !� FADN �4 ðñ� ;@ QàN

�	��$ò* ¦G	 ð�01,.

3. ���
 	 ��

3-1. ����� 
 Buffer� ��

GODN pI=4.2	� chromatography =F� ´¨@ �4 buffer� A

B0Q T@ Q²�	 ="Y( óYd�	 )
� ��Q� ��@,

(Fig. 2). - ðñ��� ���N ôõ���	� 0.1 M NaCl� �4

buffer� ��01,. Fig. 2��� 2öN ÷ peak ø
 �
�l �ù5

���N 8S( GODN c; ËÌ> ½Æ� ³��� 420 nm«

280 nm��N ËÌ>, Þ, GODN Æ^« ���N R> profile
 úû

"� ®8
 Z	 GOD̂  �4�� ®8X* h � !,. A420N peak

« ú_� !� fraction No. 6-36 ®¦��N �4 peak̂  GOD� 6

70� !� ���
� Æ^� �
" ü� !� fraction No. 41-56®

¦N peak� GOD̂  ý� [�U�
g� þ � !,. �g�, Fig. 2

�� ��"ÿ
 GOD ºC ���N �4
 ���� ���� !�

2, $ )
 90 mL =>1,. $�y ��®�� åð0x � peak̂

ú_� ©
 ý� ©�	 �E )
� ��Q� 
�@ GOD ���N

8%� �� �Y Èâ� � 
a"" ü� ©* h � !,.

�
� ��Q�� GOD ���N 8%Å* å¿0Q T@ ðñ�	

� pHN Ó�� �Ô ���N �4 s�* hE�Q T0� Fig. 3N

chromatogram� d�5 uµ�	 ðñ@ �� Æ� pĤ  ä�} 
�

��Q�� YÃý
 ���
 ��®� �: �4
 5,� ©* h

� !�,. $�y )
� ��Q��« ,Ô f( ºC* yz��

peak« ��� R>N peak̂  úû"� ®8, fraction No. 15-19 ®8


 àá@,� ©
,. Þ, )
� ��Q�,� �� �Y
 d��

GOD ���N 8%� ì�0,� ©* h � !,. $�y fraction No.

1-15 ®8� yzy !� peak«� åð@ 8%^ 
a"" ü�* h

� !,. �g� ���� buffer  ª ¯ pH, R>N Ó�� �g ��

@ ðñ��� Fig. 4-6�� ��#� !,.

Fig. 4�� þ � !ÿ
 Fig. 3� Ð( 
� ��Q« bufferN R>


"
 pH� pI�, ox 01* È A280� A420 chromatogram
 úû"

� !� fraction No. 19-26 ®8
 GOD� F»@ ,Ô ��� �, y

§� �4
 ��,. $�y fraction No. 15-19�� §~�� !�* h

� !,. �g� [�U��N 8%� T0� [�U�* �, � FG

Fig. 2. Cation exchange chromatography; CM-Sepharose CL-6B, 22
mm I.D×110 mm L, 0.1 M Citrate buffer pH 3.18.

Fig. 3. Anion exchanger chromatography; DEAE-Sepharose CL-6B, 16 mm
I.D×90 mm L, 0.1 M Citrate buffer pH 3.4.

Fig. 4. Anion exchange chromatography; DEAE-Sepharose CL-6B, 22
mm I.D×85 mm L, 0.1 M Citrate buffer pH 6.0.

Fig. 5. Anion exchanger chromatography; DEAE-Sepharose CL-6B, 50 mm
I.D×80 mm L, 0.05 M McIlvane buffer pH 6.0.
���� �39� �4� 2001� 8�
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k � !� �����	 hi� McIlvane buffer[13, 14]� ��0�

chromatography� ��01,(Fig. 5, 6). $�y McIlvane bufferN R>^

Fig. 5��« Ð
 ä* È� ���N �4
 eÀd�	 
a"� !

�2 GODN ºC* yz�� !� A420 chromatogram( 2öN peak

	 /8����	� ä( R>N McIlvane buffer� GODN 8%� ]

�d
" q0,� ©* h �^ !,. �g�, R>� 0.1 M	 �^�

�* È $ s�* ��- Fig. 6�� þ � !ÿ
 ���
 ��� �

4
 
a"2 $ ����� GOD̂  67�� !�* A280� A420 chro-

matogram
 úû� ��	 å¿k � !,. $%� ]�N ºC
 y

zy" ü� � 	
 ÷ ��� buffer� N� [�U�
 FG��,

� ©* å¿k � !�,. �g� - ðñ��	 GOD� fraction No.

11-24�"� �ù01* È +* � !�,.

GODN �4� ´¨@ 
��� �	��$�� uµ( ��®� ;

®8N GOD̂  67�� !� ���
 �4��, y§� [�U�


FG�� Fig. 6� Ð( ��^ +�� DEAE-Sepharose anion exchanger,

0.1 M McIlvane buffer, pH 6.0
 d°0,� ��� +�,.

3-2. 
�� �� 
 GOD �� ��

Ê² ��� BSA(BioRad, 0.15 mg/mL)� 
�0� Table 1� ¦G

�� +�� FKN R>« ABTS(2,2'-azio-di-[3-ethyl-benzthiazoline-6-

sulphonic acid])N ��� �Ô ÓÑ=>� 
�0� å¿�� Æ^^

Table 3� yzy !,.

Table 1� yzÙ ©�è =F ��� GÇ È�, ��� R>« GOD

N Æ^� �=01�l, ­�d�	 '
 ���� !� ��� =F

��	� 
�� � 8�* ð�01,. 1�	 70%�" 2�� 100%

	 ð�01�2 $ �= §� +�"� �eU� Y&�� 675 �

��N R> ¯ GODN Æ^� �=01�l Y&�� ;®8N ��

�
 àá0�, ?@ ºC* ^� GOD̂  67�� !�* Table 3N

Sample No. 2, 3, 5, 11�� å¿01,. �g�, 
�� � 8�n(

GODN 8%�� d¤0" ü�* å¿01,.


����	��$�� d�� �
0x 0Q T@ ðñ�	 �ª

�y 10.0 mM sodium phosphate buffer pH 6.0, �S�* 
�0�

cellulose MWCO 12,400(Sigma 9527) �S��� ð�@ �± e�%

V=�	 �±N �>� ä�,. �±N ®�^ �^0Q Èâ� ��

�N R>� äE�"
 Æ^� ��� GN �
^ ý�* Table 1, 3

�� å¿k � !,. �g�, �S( GOD =F V=N c d¿ 
�

�� �	��$��� ��0Q T@ e�% V=�	 >�k � !

�,.

Table 3�� 10	
 =F�± Þ, ��8%(12,000 rpm, 4oC, 20 min)

� 
�0� ­�d�	 [�U�* FG@ r �ª�� 
�@ e�

% V=* G� �±� 
����	��$��� ��7�	� �R

>, �Æ^N GOD� +* � !�,. Table 2� ¦G0� catalaseN Æ

^� ��ê� - �� catalase� GN 670� !" ü�* h � !

�,.

�g�,  � ./9�
 ��@ GODN 
�� � 8�n( ®d

°01�2 cdN GOD 8%=F ��� Table 1N Sample No. 10�

Ð( ��@ mn
�,.

3-3. Glucose Oxidase� SDS-PAGE� HPLC

Aspergillus niger� ¥)@ r +�� u]��* 
�� �* 
�

@ 8Û �e, 0.01 M sodium phosphate buffer� 
�@ dialysis, DEAE-

sepharose �è �	��$��� �0� GOD� =F01�2, �Q�

´¨@ Sample ²³� Table 1� Ð�2 $ FK� ;@ eQ½¾ ��

^ Fig. 7� yzy !,. GOD� yz�� T_� �^ �x 2̂ " ì

��	 yz * þ � !,. Lane 2, 3, 11� yzÙ �� ã 70,000N

89:* ^"� GOD̂  ;®8* �"0� !� Lane 5-10��� ã

81,000N GOD̂  ;®8
2 70,000=>N GOD> uv( 7ì��!

,. 
� 
eN ./9> ��@ Z !,[15].

Ye« Combes� GOD̂  mono-, di-, tri-, tetramer	 àá0�, $ §

di-, trimer�
 ]�ºC
 !,� ��@ Z !,[16]. Pazur« Kleppe[1]

� N� !"��# GODN 89: 150,000( c;	 �C ̂ Å@ GOD

� N`02, Table 1� ¦G@ =F mn( GOD 89� ½�* `_

� ©�	 3=k � !"
, - ./��� GODN 89: �Q� ½

Fig. 6. Anion Exchanger Chromatography; DEAE-Sepharose CL-6B,
50 mm I.D×80 mm L, 0.1 M McIlvane buffer pH 6.0.

Table 3. Determination of protein concentration and sp. activity of various samples in Table 1

Sample no. 2 3 5 6 7 8 9 10 11

Protein conc.(mg/mL) 1.45 2.01 3.12 5.69 1.66 5.28 5.31 5.06 2.01
Sp. activity(units/mg) 136 185 141 202 207 233 173 303 214

Fig. 7. 15% SDS-PAGE of various preparations.
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-

a

�* #� ¨¿� �f* $3" ü%,. Fig. 7� yzÙ � ^" ì�

N �� Ye« CombesN ��� ¦G@,} 81,000=>� dimer �&

	 þ � !�2 70,000=>� dimer�� �T FAD̂  ­® ��� Ó

C5 GODg� 3=k � !,. $�y $ ÓC5 GOD Æ� ºC*

^"� !"
 dimer �&�,� ä,� ©* h%,(Table 3). �g�,

ammonium sulfate fractionation� 0.01 M sodium phosphate buffer, pH

6.0�	 dialysis ��� G_x �} ºC
 ä( ÓC5 GOD� +x

�'	 �¢0x u]��* ��8%
�	 ·¢U* �( => FG

@ r anion exchange chromatography� G)* È dimer �&N ºC


o( GOD� +* � !x 5,.

Table 1� ¦G0� =F5 Sample� ;@ GODN ¢>� å¿0Q

T0� GODN /CC8 FAD(Flavin Adenine Dinucleotide)N �4�

����# 
¾Y� �=YN uµ(Fig. 1)* *�0� 90% water«

10% Eé�y
êë�	 
+�� 
¾Y�	 �%���l Fig. 8�

� þ � !ÿ
 Àª�� 3-48 �
N GOD peak� F»@ ,Ô peak

� GN �
" ü%,. $ �p
 95%
Y�	 ox +* � !�,.

;®8N �	��$ò�� þ � !ÿ
 ã 38;N peak« ã 48;

N peak	 �x /8k � !�l ÉL �45 peak� ÓC5 GOD


� y§� yzÙ peak̂  dimerN GODX* å¿k � !�,. $,l

Sample No. 6N st�� ã 58 s� ? ,Ô peak̂  yz-�l Ð

( uµ�	 ��5 =F ��(Sample No. 7-9)« ,Ô HC* �
�

!,. - ./��� dimer« ÓC5 ? ,Ô GOD� .. 8%0�l

�d
 !� ©
 EÜg �R>/�Æ^N GOD
N 8% =F� $ �

d* ̂ �Q Èâ� � ̂ " �&N GOD 8% ðñ( ��0" ü%,.

����
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