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��R]8 ���+" ,-RT
 lysozyme) H^,-" _`�#$.

Abstract − Ion exchange chromatography(IEC) with gradient and precipitation were used to purify lysozyme from egg

white. In IEC, elution of lysozyme from 0 M to 1 M NaCl gradient was performed and SDS-PAGE showed that lysozyme was

selectively purified from other egg white proteins. In addition to IEC, egg white proteins were salted out with ammonium sul-

fate to compare the effectiveness of precipitation method with IEC. The concentrations of ammonium sulfate were varied from

25% to 85%. Precipitation was not able to purify solely lysozyme from egg white. Recovery of lysozyme in the precipitation

was improved by changing precipitation temperature and aging time.
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1. � �

Lysozyme� �� ���� peptidoglycan� �	
� N-acetylmuramic

acid� N-acetylglucosamine 
�� β-1,4-muramidic bond� ����


� ����, micrococcus lysodeikticus�� ���� �� ��� 

��! " �� #$ 	�%&� ' $ (��[1]. �) '  *+�

lysozyme� ,-. �	, ,/0�	, ,�� �	 #� ' $ 123

45 �-��6� 
	78� 9�, :-, ;<� =>�? 
	@�.

AB lysozyme� CDE 6D%� F�G?� :�%&3 �%1, =

H #� I�7� # JK LM6� 
	7N? B�. � O�? PQ

K� lysozyme� 
	73, RS� �B TU VWX� ��� YZ%

&� N[$ (3 45 �U� I�7N? B�[2]. �� �� U	B

\]^X_ lysozyme� `^� Da, bc, J^ d ef^ #� gh

��75 41i jW k� lm� n 0.3%� �Q o�. jW� ��

lysozyme lU^X� p
� fqm� rs
t, u/D�� pvw 	

�
N *+� u/x>� �Q wyB z{� |}~ 4�[3, 4].

VWX$ �h
� ��� �� �1� 4�. � k �� � �� �

��� lysozyme$ u/
� �!w{� �	
N �B �h d �6

� �B ]�� VWX ���$ k�{� ]�7���, 3�w_ �

�{� Alderton! Fevold[5]� pH 9.5�� 5% NaCl$ I�
� jW

{�s� lysozyme$ a� ��P %��. ��� � ��� ��1 j

W$ �	� � �3 ��! �?� �N *+� �!w�1 ���. �

�! �?� V�$ L�
N ��� Junowicz! Charm[6]� sepharose

U?b�  P  �1� 
	
¡3 ¢�£¤�¥¦� �	
� jW

! _§� � �h3 ¨U�s� lysozyme$ �h
¡�. p� ?�

��� �� ©� zL� ª « o¬3 ��? 8� 100%� ­�1i,

'®B �1� ¯°� 
N *+� �± ²��� q³w_ �	? ²

��� sw´
¡�. �¥� %?@ ��� �Gvµ�1� �	B ¢

�£¤�¥¦��. Li-Chan #[7]� �� �1 ��G vµ�1� �1
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3 jW{�s� lysozyme$ �h
� ·¸$ ��. �N� ¹º� z

� »�J� (3 4� �1� ¼f+6 #$ ½¾
N ��� column

{� ·¸$ ��� z��. � �! ¿ o� ��! ]À�³� Á�

 � Â Z�$ L¡�. � Ã�? ÄÅ�� Chiang #[8]� BÃ�!

�  P  ¢�£¤�¥¦, ª V�� 
� lysozyme$ �hB �!, p

� ?� 70,400 U/mg{� ÆT o¬1i Ç�� ÈÉ ¾Ê
�� V

�� 4��. BÃ�!� p	� ËÌ
3 p	� p� fq ! �?

� o3 �� ¢�£¤�¥¦ #! pv
� scale-up� Uh
N *+

� Ghosh #[9]� kÇ
Í$ �	
� BÃ�!�� lysozyme$ �h�

�. Gu #[10]� scale-up% Î @ VWX$ ¼�Ï%ÐÑ 
� +6�

$ ��
N �� ¢N«6 ¢�£¤�¥¦� °�Ò?� �«� ¹5

·¸B �! 90%�;� activity »��$ L¡�. �;� +Ó$ Ô¤

B �! lysozyme� �hl� 45 �� �6��� pv� ÕB ]�

� sÖ
¡�. � k�� ¢�£¤�¥¦� ���$ pv
¡��, ¢

�£¤�¥¦� |}Z ×� �� �6��� Ø1i ���� p� �

�� ¾Ê
3 Qp� Ù� ¯°
�. in ���{�? jW��

lysozyme$ ÚÛw{� �h� Ü � 4�² ¢�£¤�¥¦L� §V

Ý �6� � 4�. Þß� à ]���� �Gvµ ¢�£¤�¥¦�

���$ ·¸ d pv
¡3 5á ��� ¿ �!w_ ��_1 ��

! � ? â²�� ]�
¡�.

2. � �

2-1. ��� ��

jW� �?� ÈÉ oN *+� �³ � Ø1 ã�. Þß� ��$

jW! jä{� �hB å� jW� .æ�� �	
� Éçp 10«

èé
¡�. �h3 3ê^$ 68
N �� 3,000 rpm, 4oC�� 30�

§ x��h� 
¡�. x��h å ë	 _ ��^� ìh3 ;#c

i$ �	
¡�. %>� pH� 0.1 M HCl� �	
� 7� D´
¡�.

2-2. ���	

�Gvµ ¢�£¤�¥¦� ��Gvµ �1(Bio-rex 70 gel, Bio-Rad

Laboratories, U.S.A.)� Uh column(330 mm Lí25 mm ID, Spectra/

chrom co., U.S.A.)$ 
	
¡�. �î	c! ïê	c� pH 7� ðñ

Z 0.02 M _q�ò	c$ 
	
¡3, 	/	c{�� NaCl(̀ �Pó)

� ïê� 
	@ �ò	c� ô� 
	
¡�. ��� 
	@ äqõ

¨ö� ÷qPó�� �ø
¡�. ùéÍ(MWCO : 6,000-8,000)�

Spectrum Medical Industry(U.S.A.)�� �ø
� 
	��.

 

2-3. 
��
 �������


	B ú� ûD@ Éç� 6 gü 
	
¡�. 0.02 M _q�ò	c

(pH 7)� ú$ sýþ å� 30� `ÿ �N%Ð column� s�3, 30

� �? ú� k�� �� �U ��� *�1 �=� ª��. � å�

cloumn$ òZ
3 ïê%���, ïê �ò	c� 0.02 M _q�ò	

c(pH 7.0){� 22.0 cm/min� ��ç 
¡�. 20� �? �h² ïê

� 7�3, �*� 	
? �$ 0{� ��. ïê å� èé%Ð �pB

jW$ ¹ø
¡��, 7.37 cm/min� 30� ̀ ÿ �}¹5 ú� lysozyme

� ò�Ý �?
 
¡�. %>¹ø å�� 0.02 M _q�ò	c(pH 7)

{� 22.0 cm/min� ��ç �î
� ú� s�71 ã� ë�^$ 6

8
¡�. n 15� �? �î$ 
² 	
? �� �% 0{� �5~�

��Ý �î7��� z$ | � 4��.

�Gvµ ¢�£¤�¥¦� ·¸DûÎP� lysozyme� 	/% NaCl

� Ò?�«� Þ� ��! UÀÎP¡�. Ò?�«� NaCl 0 Ms�

1 M�1, 0 M�� 2 M�1 Ò?ÎP� ¹�3 �* UÀ� 4.91 cm/

min, 7.37 cm/min{� �� ×���. � 3�1� ·¸DûÎP� 4�

��, �T 1�� Ò?�«� 0 M�� 1 M�, 	/À?� 7.37 cm/min{

� 
¡3, �T 2� 0 M�� 2 M� Ò?�« �h3 	/À?�

7.37 cm/min¡�. £1Í{� �T 3� 0 M�� 1 M� Ò?� 	/À

?� 4.91 cm/min{� ��. Ò?�«� UÀ� ­ß11i �5§

NaCl� ´Õm� �?
 
¡�. NaCl� ïê%� * �_ 0.02 M _

q�ò	c(pH 7)� ô� 
	
¡�. 	/%§� �T 1��� 60�

`ÿ �}¹�3 �T 2��� 30�§ �h3 �T 3��� 90�§ �

}¹5 	/%§$ ÎP%��. �T 1! 3��� Æ 2� §±{� �

�
¡3 �T 2��� 	/%§� �{�� 1� §±{� ��
¡�.

NaCl 	/c$ ��B å� �
ç �y75� 	/71 ã� VWX

$ 68
N �� 0.5 M NaOH� 0.1 M HCl$ ¹ø
¡3 	c� pH

� ��
� q d |�h ¹ø %§$ �
¡3 %>��? ��
¡�.

2-4. � ���� ����

-� Ò?, G? d ��%§� ÎP� lysozyme� ��� ¹� ��

$ ·¸
¡�. ��� �_ jW%>� ��$ jW! jä{� �h

B å� jW$ .æ�� �	
� Éçp� 10« èé
¡�. �h3

3ê^$ 68
N �� 3,000 rpm, 4oC�� 30�§ x��h� 
¡

�. x��h å ë	 _ ��^� ìh3 ;#ci$ �	
¡�. %

> 50 ml� 0.2 M _q�ò	c(pH 7)$ 15 ml ¿
� pH� U1
¡

�. �"^  D�� p!� �ò	c! "_ %>� #3 äqõ¨ö

$ ùø
� v$
¡�. Ò?� � 25%, 40%, 60% �h3 85%� 


¡�. ¹ø� 6� `ÿ ¨% �$ ��3 ¨ª ¹øB å� 30� `ÿ

v$%Ð jW VWX$ ��%��. �h3 ��� -� Ò? Ã� �

� k°B °__ ��% G?� ��%§$ ÎP%Ð ·¸��. ÇC

w{� -� Ò?� 85%� 
¡3, ��% G?� �� G?_ �"^

�� ·¸B z! ·G�� ·¸B z$ pv
¡3, ��%§� 3%§

B z! 12%§ B z$ pv��. � 	c$ 3,000 rpm�� 30�§ x

��h� 
� ;#c! ��^$ � �h
¡�. ;#c� ìh3 �

�^i$ ����, ��^$ �% 0.2 M _q�ò	c(pH 7)� ô¡

�. -$ 68
N �� MWCO(molecular weight cut off)� 6,000-8,000

ùéÍ$ �	
¡�. ùé� 0.2 M _q�ò	c(pH 7) 250 ml$ ù

éc{� 4%§ �? ;G�� 
¡�.

2-5. ����

� %>� � ?� â�
¡�� M. luteus� �	
� Li-Chan #[7]

� â��$ �	
¡�. &Q� 450 nm�� 0.066 M _q�ò	c(pH

6.24)$ N�{� �$ * '� 
	@ _q�ò	c� M. luteus� #

� ()c� *N 	
?� 0.6�� 0.7 
� �$ (?
 ��. � (

)c 2.5 ml� %> 0.1 ml$ #5 2�§ 	
? �� ÎP� â���

. � ?� V�� unit� 	
? �� 0.001� Î� * 1 unit� 
¡�

. p� ?� ��B %>� s¦� �+5 �q
¡�. jW� � ?

� â�� �� �6V��� ��B %>� »�� d �6?� �q


¡�. �Gvµ ¢�£¤�¥¦� ��� �� ©� %>� lysozyme

� UÉ� ,_
N �� A, ÚÛw{� �h7��1 � w{� |

-LN �� �N�`(15% SDS-PAGE)[11]$ �	� �é
¡�. �

¨% ·¸� ·G�� 
¡�.

3. �� 	 
�

3-1. 
��
 �������

.Ë NaCl� Ò?�«� Þ� �h[$ |-LN ��� �T 1! �

T 2� pv
¡�. �T 1� ¢�£¤�/� Fig. 1(a)� ��. 45�s

� 105��1 n 60�§ 	/ %�3, %>� 2� §±{� � 300�

��
¡�. ¢�£¤�/$ L² ¦¢� ª 0� �15~ 4�� z
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�
$ | � 4�3, lysozyme� ÚÛw{� �h� 7��1 |N ���

SDS-PAGE(Fig. 1(b))� �!� L² �� VWX! lysozyme� �h7

5 �� �� %§� 	/@�� z$ | � 4��. %>23 152 �

ås� lysozyme� 4� ,·
3 ª56�. �� ú! jW� �� 7

æ� VWX§� �G�y �N� 8} 	/7� %§� 9� fNN

*+��. �T 2(Fig. 2(a))��� 
�� V: ¦¢� f;�. %>�

 �$ �éB �!, Fig. 2(b)�� L<� �T 1!� ­h VWX� �

h71 ã3 `%� 	/75 ÚÛ � ���. 	/	c� NaCl Ò?

� ÈÉ Z
� �� VWX! ú!� �G�y� �?� É�
ç `

%� ��7�N *+��.

UÀ� ��$ |-LN ��� Ò?�«� �ç 
3 	/UÀ$ Î

P%��. 7.37 cm/min(Fig. 1(a))! 4.91 cm/min(Fig. 3(a))� �T� p

v
², ª �T ¨ª ª 0� ¦¢� �=>3 SDS-PAGE(Fig. 3(b))

� L² | � 4<� �� Â 9�� ��. ?Ý} UÀ$ @ç 
²

	/À?� á}X A -2ß %> ��%§? B5C�.

� �T��� � ?� �� �h3 �6?� Table 1� �=>��.

¹ø%>� � � ?� ��@ %>� � � ?� �+5 ��$ �

��� �� D� ¨% %>� ��! lysozyme$ �6
N �� ��

B %>� ��$ �� ���. �6?� ¹ø%>� p� ?� ��

%>� p� ?� p� ���. �T 2� �� 71.3%� �� ª �T

� p� Ø1 ��3 AB lysozyme$ ÚÛw{� �h
1? ���.

�T 1! 3� E � ÚÛw{� lysozyme$ �h%�3 ���� �6

�?� pF
¡�. �T 1�� 152 %>s� 222 %>�1 ��


² �� 82.7%� 1.1« �6@ �h3 �T 3��� 242 %>s� 37

2 %>�1 ��
� �� 81.6%, 1.2« �6@ lysozyme$ ©��.

��B ¨% %>� ��? ª �T� 93.2%, 94%� pF��.

3-2. ���� ! �" ��

-� Ò?� lysozyme� �h� e=� ��$ ·¸B �! 25%�

-� Ò?��� lysozyme� ��� :5�1 ã¬3 40% �;s� �

Fig. 1. (a) Ion exchange chromatography of egg white solution (from 0 M
to 1 M NaCl, elution flow rate: 7.37 cm/min.), (b) 15% SDS-PAGE
of collected samples (from 0 M to 1 M NaCl, elution flow rate:
7.37 cm/min).

Fig. 2. (a) Ion exchange chromatography of egg white solution (from 0 M
to 2 M NaCl, elution flow rate: 7.37 cm/min.), (b) 15% SDS-PAGE
of collected samples (from 0 M to 2 M NaCl, elution flow rate:
7.37 cm/min).

Fig. 3. (a) Ion exchange chromatography of egg white solution (from 0 M
to 1 M NaCl, elution flow rate: 4.91 cm/min.), (b) 15% SDS-PAGE
of collected samples (from 0 M to 1 M NaCl, elution flow rate:
4.91 cm/min).
���� �41� �3� 2003� 6�
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�^� fG�� z$ SDS-PAGE(Fig. 4)�� ,_� � 4��. Fig.

4� �=j z<H -� Ò?� ÎP� Þß ��7� VWX� 7æ�

­ßI�. 40%� ��^�� �8� �m��J 45 kDa ¢N VWX

� �, -¥ 4� 60%��� Z�I"$ | � 4�. ��� Th� �

h
3� 
� 14.4 kDa� lysozyme� ÚÛw{� ��71 ã¬�. Ú

Ûw{� �h� :5�1 ã¬1i, Table 2� L² �Q o� -� Ò

?_ 85%�� lysozyme� ��� 56%� o¬�. �� p� Ò?�

40%� 60%��� ��� 5% �>� ÆT �- Â ÕD� �K��.

��G?� ��%§� ��$ Table 3� �=>���, �!� L² Ë

GL�� ;G��, ��%§� �� zL�� L * ��? Ø¬3 �

 ?? Ø¬�. G?� o$ * ��� Ø� z� 	�? 9� *+�

ß3 L3 @ × 4�� Õs�� VWX� o� G?��� 	�?�

:�
�� �U� 4�[12]. ;G�� ��%§$ 12%§{� 
²

lysozyme� ��$ 81.3%�1 .�%� � 4��. Forsythe #� ·¸

��� a� jW�� lysozyme$ ��P%&1 ã3 �e jW�� ©

� lysozyme{� ��P%��� �� �1 ·¸Dû$ ÎP%Ð Ä3

99.9%�1 ��%��� L3� 4�[13].

3-3. 
��
 �������# ���! �" lysozyme� $�

�Gvµ ¢�£¤�¥¦��� �T 2� 6ÃB �T 1! 3��

lysozyme$ ÚÛw{� �h
¡�. �h� �Q k°B _�� 	/U

ÀL�� 	/	c� NaCl Ò?¡3 0 M�� 1 M�1 	/	c� Ò?

� ÎP� ¹�$ * lysozyme� �h� ÚÛw{� :5C{t ��?

90% �;{� o¬�. Lysozyme! ú!� �G�y �?� �� VWX

L� �� ¢�£¤�/� Ms��� 	/7�3 � s��� lysozyme

$ ©N �
� ��B %>? 80% �;� o� ��$ �=N�.

���� �B �h�� äqõ¨ö� Ò?� ÎP%Ð lysozyme$

ÚÛw{� �h
} �{� �h71 ã¬3 ��? -� Ò?� �

Q o� 85%� äqõ¨ö$ ¹ø�$ * �Gvµ ¢�£¤�¥¦�

´$�?_ 56.1%���. ��%§, ��G?� ÎP%Ð ·¸$ �L

¬�� ª Dû ¨ª ��� ��$ ¹��. �O 81.3%�1 ��$ o

¡1i �Gvµ ¢�£¤�¥¦L� 10% �¬�. ��� ·¸�� d

Q=� §Á
¡�.

4. � �

U	B fh � ^X_ lysozyme� �h� * �Gvµ ¢�£¤�

¥¦� ���$ C
� 5á ��� ¿ �!w_1 ·¸
¡�. 'Ý

�Gvµ ¢�£¤�¥¦� gradient system$ ?ø
� 	/Ò?� ÎP

� ¹��. 0 M�� 1 M�1 Ò?�«� ¹�$ * lysozyme� ÚÛw{

� �h� P :5C{� NaCl� Ò?� ÈÉ o$ �T�� �� VW

X! lQ 	/75 ÚÛ � �¬�. 	/UÀ� 7.37 cm/min! 4.91 cm/

min: �T� Â 9�� ��3 ?Ý} å�� �T %§! 	c$ Ù�


	
N *+� p��w���. ���� pvw ��? §V
¡3, -

� Ò?, ��%§, ��G?� ÎP%Ð ��$ 81.3%�1 .�%�1i,

�� VWX�s� lysozyme$ ÚÛw{� �h
1� ���. �!w{

� jW�� lysozyme$ ÚÛw{� �h
N ���� �Gvµ ¢�£

¤�¥¦� ���L� �!wR$ | � 4�.

� 

 

à ]�� q³�xs S�NT0U
³p� _
Õóv *�Vf^

�hNT ]�W�� 1x� ��7�{t �� :
XY2�.

Table 1. Recovery and purification fold in ion exchange chromatography

Case 1
(from 0 M to 1 M, 7.37 cm/min)

Case 2
(from 0 M to 2 M, 7.37 cm/min)

Case 3
(from 0 M to 1 M, 4.91 cm/min)

Total activity (U, loading sample) 81,000 80,000 87,000
Specific activity (U/ml, loading sample) 2,480 2,130 2,410
Total activity (U, all collected samples) 76,000 57,000 82,000
Recovery (%, all collected samples) 93.2 71.3 94.3
Total activity (U, fractioned samples) 67,000 (No.15-No.22) 71�000 (No.24-No.37)
Specific activity (U/ml, fractioned samples) 2,804 (No.15-No.22) 2�538 (No.24-No.37)
Recovery (%, fractioned samples) 82.7 (No.15-No.22) 81.6 (No.24-No.37)
Purification fold 1.1 1.2

Fig. 4. 15% SDS-PAGE of precipitated samples.

Table 2. Recovery in ammonium sulfate precipitation [Specific activity
(U/ml, loading sample): 1,950]

25% 40% 60% 85%

Total activity (U) No ppt. 3,600 5,700 69,000
Recovery (%) No ppt. 2.9 4.6 56.1

Table 3. Recovery of lysozyme at various temperature and time from
precipitation experiments [At 85% ammonium sulfate, specific
activity (U/ml, egg white sample): 2,460]

At ice-bath,
30 min

At room temperature, 
30 min

At room 
temperature, 12h

Total activity (U) 69,000 82,000 100,000
Recovery (%) 56.1 66.7 81.3
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003



336 ���	�
�

ep-

ra-

ite

-

ol-

ma-

e

ys-

te
�
��

1. Regel, R., Matioli, S. R. and Terra, W. R., “Molecular Adaptation of

Drosophila Melanogaster Lysozymes to a Digestive Function,”  Insect Bio-

chem. Molec. Biol., 28(5,6), 309-319(1998).

2. Kim, W. K. and Chung, B. H., “Optimization of Chromatographic

Separation of Lysozyme from Homogenate of Hen Egg White by

Comparison of Breakthrough Behavior,”Kor. J. Biotechnol. Bioeng.,

14(3), 279-283(1999).

3. Yoshitaka, M., “Lysozyme its Chemistry and Application,” J. Jap.

Soc. Food and Nutr., 24(6), 311-315(1971).

4. Awade, A. C. and Efstathiou, T., “Comparison of Three Liquid Chro-

matographic Methods for Egg-White Protein Analysis,”J. Chro-

matogr. B, 723(1), 69-74(1999).

5. Alderton, G. and Fevold, H. L., “Direct Crystallization of Lysozyme

from Hen Egg White and Some Crystalline Salts of Lysozyme,”J.

Biol. Chem., 164, 1-5(1946).

6. Junowicz, E. and Charm, S. E., “Purification of Lysozyme by Affin-

ity Chromatography,”FEBS Lett., 57(2), 219-221(1975).

7. Li-Chan, E., Nakai, S., Sim, J., Bragg, D. B. and Lo, K. V., “Lysozyme S

aration from Hen Egg White by Cation Exchange Column Chromatog

phy,” J. Food Science, 51(1), 1032-1036(1986).

8. Chiang, B. H., Su, C. K., Tsai, G. J. and Tsao, G. T., “Egg Wh

Lysozyme Purification by Ultrafiltration and Affinity Chromatogra

phy,” J. Food Science, 58(2), 303-306(1993).

9. Ghosh, R., Silva, S. S. and Cui, Z., “Lysozyme Separation by H

low-Fibre Ultrafiltration,”Biochem. Eng. Journal, 6, 19-24(2000).

10. Gu, Z., Su, Z. and Janson, J. C., “Urea Gradient Size-Exclusion Chro

tography Enhanced the Yield of Lysozyme Refolding,” J. Chromatogr. A,

918, 311-318(2001). 

11. Bollag, D. M. and Ededstein, S. J., Protein Methods, Wiley-Liss,

New York, NY(1991).

12. Pak, D. H., Lee, H. J. and Lee, E. K., “Crystallization of Alkalin

Protease as a Means of Purification Process,” Korean J. Chem. Eng.,

14(1), 64-68(1997).

13. Forsythe, E. L., Snell, E. H., Malone, C. C. and Pusey, M. L., “Cr

tallization of Chicken Egg White Lysozyme from Assorted Sulfa

Salts,” J. Crystal Growth, 196, 332-343(1999).
���� �41� �3� 2003� 6�


	난백으로부터 리소짐 분리를 위한 이온교환 크로마토그래피와 침전법의 비교
	김형원·김인호†
	충남대학교 화학공학과 305-764 대전시 유성구 궁동 220 (2002년 9월 5일 접

	Comparison of Lysozyme Purification from Egg White Between Ion Exchange Chromatography and Precip...
	Hyoung Won Kim and In Ho Kim†
	Department of Chemical Engineering, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daej...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	감  사
	참고문헌



