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� �

� ���� ���	 BSA
 ��� 
����� AOT� isooctane�� ��� ������ ���� �,  !"�#

�  ��$% ����& '(� )�*+. , -�./& pH� 01 23 4 567 �� 89. �:& ;<. =>�*

+. 0.1 M1 KCl, NaCl, MgCl2 ?@A CaCl2  BC 1 : 1 0 DC 1 : 2 0� "�#. E7�� E7� 01 23. FG

pH=5-7 H�./ IJ1 ��� 89� K*+. CaCl2� NaCl1 LM, 1 MNO& 01 567 P7Q. FG ��� 89

6 P7�*�R MgCl21 LM.& S�� L<� K*+. 01 567 TUR pH7 TC LM.& VWX� YZ[�\

"�#�  ]^�_1 
�. `ab& cC =>d ef�+. ���1 water-pool g^& h. J� 
����1 ij�

W0
 k��	 �l�*+. MgCl21 LM.& pHmn. o
p� W0=201 U1 q�� r� K� s� CaCl2� KCl1 L

M 0 567 P7Q. FG W0& tu�*+. ���1 LM.& vaw ��1 xC pH� xC 056./ IA1 ��

� 89� K*+.

Abstract − By using the phase-transfer method, bovine serum albumin(BSA) was solubilized into a reverse micellar phase

consisting of sodium bis(2-ethylhexyl) sulfosuccinate(AOT) and isooctane. In order to recover the solubilized protein, the

laden organic phase was brought into contact with an excess aqueous phase under a prescribed condition. Of particular interest

in this study were the effects of pH and the added salt type and concentration on the forward and backward extraction effi-

ciency. When salt containing univalent or divalent cations such as KCl, NaCl, MgCl2, or CaCl2 were added to the aqueous

phase at a concentration of 0.1 M, maximum forward extraction efficiency was achieved at a pH ranging from 5 to 7, depend-

ing on the added salt type. Increasing the salt concentration up to 1 M led to an enhanced forward extraction efficiency for

CaCl2 and NaCl, while the addition of MgCl2 beyond 0.1 M showed an anomalous trend. Further, it was noteworthy that to a
large extent the protein precipitated in the interface between the organic and aqueous phases at lower pHs and lower salt con-

centrations. The size of the reverse micelle water pool was estimated by measuring the molar ratio of the surfactant to the

water, W0. Independently of pH in the aqueous phase, the resulting value of W0 was almost constant, eg., 20 for MgCl2. How-

ever, the value of W0 decreased with increase of the salt concentration in the cases of KCl and CaCl2. It was also shown that the

backward extraction efficiency of the protein increased with pH and salt concentration in the excess aqueous phase. The higher

the salt concentration in the excess aqueous phase, the smaller the value of W0 in the organic phase.
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1. � �

����� ���� 	
 �� �
�� ����� ���� ��

��
� ���� ��� � !"� #$ %&' () *+ &�$

, �$� -.!/. #0 ���� ���� 1, 2, 3� pH 	� 4

� 56 78� 9:
; <=�>� 9%�"� ?%' @AB C D

� #E+ �$FG� .HI/. JK�L� MN�� OP
 Q+ �

H� ?O0 �H�R OS�T U KV
 WX�Y Z[ \� ���

� &�$, )]� ^_
 `�a bc' de �f/. )�� WX�

&�$, gh�� S)ijh, kSh, column liquid chromatography

h 	[1, 2]� Ql�[� +m no
 `
� `p/� Wq' rAR

D/. �s �@� ^_
� mV?%,t �
+ &� $, gh� �

Hr ?O0 uv�R D/[3-5]. #0 wxy' �
+ WX� z{�

���� ���� ?%' @A|}V� ~� |� �
 �� �� W

X�' z{B C D/� �q' rAR D) no
 A� 10�� ��

��*!e �Hr uv�R D/[3-8].

wxy' �
+ z{�$� �H
�� mV?%,r ��I @)

�Y WX�� ��I C
�� �� ��
 �+ $z{Y @)��

wxy �
 ��I WX�' Y� C
��L� z{!� wz{�$

L� H%I ���h, mV?%,r ��I @)�
 WX� �� C


�' �� r
:|� #$%& �' z{!� ��h, ��R @)�

Y WX� &�' �� ��|}� R�-�� z{h 	� �� ��/.

��h� �� WX� &�l� �� C
��
 � !� WX�' @

)�L� $z{|}) T�� ��
 �
��  ¡ 4� �' z{

B C D/� Wq' rAR D/. R�-�� z{h� @)�Y WX

� &�� �� ��!) no
 WX�� ?%' ¢' C D� Wq'

rAR DL"� £
% WX�
 +$!� �
�R D/. +¤, ��

�h� �� �� WX�' z{B C D/� �q
 K!� `¥� ¦

WX�� 8¡
� $z{� FG� §/¨/� Wq' rAR D/. 

�-� z{ �$
 �� �
�� ©�U mV?%,� AOT� ©�

U' ª «C%� ¬�6&Y ��U' ª 2­� aC% ®�6&L�

H%�T D/. �¯+ mV?%,� HF� %�� �!� «C%�

¬�6&� C
�Y� �°
 �± wxy' ²%!e I/. �³+

FG
� wxy� ²%�V aC% 6&� ®��� C
�Y� KO

°
 �± @)�L� �j!e I/. �s ´�t �
!� C
��


 µ¶D� WX�' @)�L� $z{B C De I/. @)�L�

z{I WX�� #E+ FGL� F³I ·�� Y� C
��Y �

�|� wz{!e I/.

C
% WX�� R@� 	Sq' rAR DL"� wxy' �
+

�-� z{�$
�� C
� �� pH, ̧ � ¹º» � �;, mV?%

,� HF» �; 	� r� ¦ i¼' x«/R ½�¾ ¿/[9-11]. �

¯� `¥� 4� WX�Y� À� &�l�  ¡ ¦ WX�� 8¡


� wxy' �
+ PÁ� $z{� FG�  ¡ §/�Â ÃÄe �


!A Å+ Æ$�/. �Æ, &�l� ¦ WX�� 8¡
� $Ç+ z

{ )Hr ÈÉ�A ÊR D� Æ$�� Æ,� &�l� ¦ WX��

8¡
� wxy water pool� ËN Ì)Í/ Î ¦ ÆÏÐY; ÍR�

R D); !/[12].

Ñ �H
�� `¥� 4� WX�
 +$!� �
�TU � ��h

' �
!� `¥� ¦ WX�� BSA' z{B n z{ 9C� pH, ̧

� ¹º ��R �;
 Ò� z{ PÁ' bÓ!Ô/. ÎÕ� JK�L

� C
��� �;�' &Ö!� @)�� �;t z$!� Q× �

� @)�� �;t &Ö!� z{ PÁ' Ð$!Ô/. @)�� �;

t �� &Ö!� �@� C
��� FG
 ÒØ WX�� z{�A

Å!R @)�Y C
�� �� mV
 kS(3� ÙÚ)Û C; D) n

o�/. �� PY�� z{�$� �SFG' Ð$!�Ü DT� �Y

±�� ÝÛ  ¡ Þ.+ 9Ct ,|!� ß' �x+/.

2. � �

2-1. ��

Ñ ÆÏ
 �
I C
% WX�� &�l� 65,000�R 	Sq� 4.9

� BSA(from Bovine serum, Sigma Type A-7906)t àá WX�� �


!Ô/. wxy' ²%!� � « % &�� ©�U mV?%, AOT

� Sigma��6â H�!ÔL�, @)
 � isooctane(99.0%��)�

YAKURI ��6â H�!Ô/. 1 : 1̧ � KClY NaCl ãã Sigma �

» Junsei��6â H�!ÔL�, 1 : 2̧ � MgCl2» CaCl2� YAKURI

��6â H�!Ô/. *� |��� àä $,Y$ å� �
!Ô/.

C
��
 �
I æç
�� 10 mM acetate æç
�Y glycine-

NaOH æç
�' ,F!� �
!Ô/.

2-2. ���� � �	

$z{
 �
I C
��� 10 mM æç
�
 �è+ ¸� �;»

1 mg/ml� WX�� �éT¾ D/. æç
�� pH� ÝS%
 +mt

rAR DL"� pH=6§A� acetate æç
�', pH=6-8§A� acetate

æç
�
 NaOHt êr!� �
!ÔL� pH=8-9§A� glycine-

NaOH æç
�' �
!Ô/. @)�� 200 mM AOT/isooctaneL�

�éT¾ D/.

�8 20 mm� glass vial
� C
��Y @)�' ãã 5 mlë �Ö

� ¥K)t �
!� � 2|� $; ��+ /© 20oC� @A�� ì

UF
� � 3J �� gí!Ô/. æS0 � &�r �éTu î C


��Y @)�L�6â ãã� |ït ðñ!� 280 nm
� &��;

m(Bausch & Lamb�� Spectronic21)' �
!� òº WX�� �;

t &Ö!Ô/. $z{
� (Tu @)�' \� 6ó� pH=8� F³

�R KCl� J$l êrI Y� C
�Y ��!� wz{' Cv!Ô/.

$z{ PÁ� ô) C
��� WX� �;
 Q+ @)�� WX�

�;� `� Ð$!ÔL� wz{ PÁ� @)�
 z{I WX� �

;
 Q+ Y� C
��� WX� �;� `� Ð$!Ô/. JK�L

� C
���' &ÖB 8¡ C
��Y @)� ��� mV
 WX

�� kSÛ C; DL"� $Ç+ z{ PÁ' (A ÅB C; D/.

WX�� &�l� 4� 8¡� `¥� 4� õöt Í�A� BSA»

\� &�l� ¦ WX�� 8¡
� cã+ õöt ��B C; D)

Fig. 1. A280 Calibration curve for BSA.
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no
 @)�' �� &Ö!� z{ PÁ' Ð$!�÷ +/. ø+ @

)�� wxy Ý
 ��I WX� ù� ¶úØ al� �; û�; ü


 i¼' xíe I/. Fig. 1� BSA� �;
 Q+ û�; ü' ;|

+ �ý�/. BSA� @)� &Ö� 8¡ @)�
 � !� C&�l

� W0(=[H2O]/[AOT])ü� 16.7 �!� FG
�� û�; ü� WX

� �;» þ²bmÿ' ½ C D/. 16.7 ��� W0 ü
�� �;»

û�; üY� bm� þ²bm
� �T�e �"� �;Ð$�  ¡

��!e I/. �¯"� Ñ �H
�� @)�� BSA �;t Ð$!

) *!� @)� |ït �Ö!� W0 ü' 16.7�!� FG' @A!

� &Ö!Ô/. +¤, @)�� C&�l� Denver Instrument�� model

150 titration controllerr 6�I Coulometric Karl-Fisher titratort �


!� �$!Ô/.

3. �� 	 
�

3-1. 
�� 
�� �� pH� ��

Fig. 2� C
��� ¸� ¹º» pH
 Ò� WX� $z{ PÁ� 9

:t ��� �ý�/. à	 ÆÏ
� C
�� ¸ �;� 0.1 M� R

$!Ô/. à	 ¸�� ãã #$ pH
� ^Q $z{ PÁ' ���

f/. #0 `¥� Ì)r 4� WX��' /
 )�� ÆÏ�
� ©

�U mV?%,� AOT� 8¡ 	Sq �!� pH
�  ¡ �� $z

{ PÁ' Í�� ßY� À�, &�l�  ¡ ÌR �þ²� HFt r

A� BSA� 8¡
� 1 : 2 ̧ ' êr!V 	Sq ��
�; �� P

Á� @A�� ß' 
 C D/. �ß� WX�Y mV?%, ��� �

�4
� êr+ ¸
 ��I ��U� ¹º
 ÒØ  ¡ /�e ��

�/� ß' �x+/. Fig. 3
� Í� �» \� JK�L� WX��

	Sq �!
� kS�� 8¼' Í�"� � ÐYt Fig. 2� ÐY»

¹�!V 	Sq ��� pH
� PY�� WX�� z{� JT�'

½ C D/.

Ñ �H� ÐY�6â 1 : 1 ̧ � 8¡  ¡ �� pHiw
� ^Rq

� $z{ PÁ' ÍÔ/. �, KCl� 8¡ pH=5, NaCl� 8¡ pH=5.5

_�
� ^R� $z{ PÁ' ÍÔ/. KCl� 8¡
� NaCl� 8¡

Í/ Î �� pHiw
� $z{� �éTAA� z{� ÎÕ PY�

ÿ' Í��R D/. 1 : 2 ̧ � 8¡ 	Sq �!
�� pHr �a�


ÒØ $z{ PÁ�  ¡ ��0 �a!� 8¼' ÍÔ/. MgCl2� 8

¡ pH=7 _�
� ^R $z{ PÁ' ÍÔL� pH=7 ��
�� z

{ PÁ� �� �a!Ô/. CaCl2� 8¡
� pH=5 _�
� ^R�

$z{ PÁ' ÍÔL� � ��� pH
�� �� �a!� 8¼' Í

Ô/. ø+ ^Rq �!� pH
� CaCl2r MgCl2Í/ Î �� $z{

PÁ' Í�� pH� 9:
 ��+ $z{ PÁ� �rt Í� KV,

^Qq ��� pH
�� MgCl2r Î �� $z{ PÁ' Í�A� �

r� $;� æ��' Í��R D/. ø+ JK�L� 	Sq ���

pH
� 1 : 2 ̧ � 1 : 1 ̧ Í/ Î �� $z{ PÁ' Íÿ' ½ C D

/. �¯+ ¸ ¹º
 Ò� $z{ ÆÏ� ÐY� mV
�� mV�°

� ¸� ¹º
 ÒØ �� /�) no
 ¸� &�mC i¼L�6â

)�!� ßL� z$B C D/.

3-2. 
�� 
�� �� �� ��� ��� ��

Ñ �H
 �
I mV?%,� AOT� �« % ���"� C
�

�� FG
 ÒØ C
��Y @)�
 � B C D/. ¸ �;r  

¡ �LV AOT� C
��
 � !�, �U�;r �¶AV AOT�

@)��L� �j!e I/. �� �U�;r �r�
 ÒØ AOT«:

°� @)��
 ���L� 9!) no�/. Æ,� Ñ �H� ÆÏ


�; ¸� �;r �� 8¡ C
��� ��±A� ��� bÓ�

fL� �� �!� Î �� �-� �&� ÆÏ' CvB C åf/. �

� �è+ ¸ �;r C
��
 -.�' �x+/.

Fig. 3
� J$+ pH
� ¸� ¹º» �;
 Ò� $z{ PÁ� 9

:t ���f/. KCl� 8¡ ¸ �;r �r�
 ÒØ $z{ PÁ�

��0 �a!ÔL� 0.7 M ��
�� Î ��� $z{� JT�A

Ê�/. NaCl� 8¡
� � 1 M §A� ¸ �;r �r�
 ÒØ $

z{ PÁ� �r!A� � 1 M ��
�� ��0 �a!� Î ��

$z{�� WX�� �{�A Ê�/. 1 : 2 S±�� MgCl2� 8¡ �

0.3 M
� ^ q� $z{ PÁ' ÍÔL� � 1 M ��
�� >�

J$+ ü' ÍÔ/. ÎÕ� CaCl2� 8¡
�  ¡ �� ¸ �;» �

� ¸ �;
� $z{ PÁ� �� �a!� 8¼' ÍÔ/. #0 1 : 1

¸� 8¡ ¸� �;r  ¡ �¶AV $z{ PÁ� ��0 �a!�
Fig. 2. Effects of pH and salt type on forward extraction efficiency; [AOT]org,o

=200 mM, [BSA]aq,o=1.0 mg/mL, [salt]aq,o=0.1 M.

Fig. 3. Effects of salt type and its concentration on forward extraction
efficiency; [AOT]org,o=200 mM, [BSA]aq,o=1.0 mg/mL, [salt]aq,o=0.1M.
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8¼' ÍÔ/. ��  ¡ �� ̧  �;
� C
��� S! !;r �

r!� WX�Y mV?%, ��� �� 4
!� �°� ��0 �

a!) no�/. �¯� 1 : 2 ̧ � 8¡
� ¸� �;r �¶AV �

�� $z{ PÁ� �at ÍÔL� �� ¸ �;� �r
 Ò� C


��� S!!;� �r!A� 1 : 1 ̧ � 8¡»� À� WX�Y mV

?%, ¬� ��
 /� wB' !e �"� �+ �°� 4
!e �

T �� ¸ �;
�; $z{� r"±A) noL� �ïI/.

3-3. ����� ��

Ñ �H� ÆÏ ÐY� Fig. 4» 5� C
��Y @)� ��� mV


� WX�� kS�� $;t Í��R D/. kS� $;� ô) C


��
 � !� WX� �;
 Q± @)�Y C
��' ��+ î

ä �� �;t �� &Ö!� � ö�� `� ���f/. C
��

pHr �� 8¡
 � �� î� C
��Y @)�� WX� �;� ô

) �;
 `± � !e �¶ Q6&� ô) WX�� mV
 kS�

T D' ßL� z$B C Df/. ø+ ¸� êr�A Ê� FG
�

; C
��� ����Y mV
�� kS ��� ��#/.

Fig. 4� pH� 9:
 Ò� mV
�� WX� kS� $;t Í��

R D/. 	Sq �!� �� pHiw
�� pHr �a�
 ÒØ ¸�

¹º
 bmå� kS� �� ��0 �r!ÔL� 	Sq ��� pH


�� ã ¸
 ÒØ kS� $;� ¦ ö�t ���f/. #0 1 : 1

S±�� 8¡ 	Sq ��
� kSÁ� ^Qr �� pHr � �'

Í� �R D/. KCl� 8¡r NaCl� 8¡Í/ kS� $;� $%

c!ÔL� �� �!� Fig. 2
�» \� 	Sq ��� pH
� NaCl

� 8¡ $z{ PÁ� $% �r�' z&B C De �� ß�/. 1 : 2

S±�� 8¡
� CaCl2r MgCl2Í/ Î ��*+ pH �*
� kS

� JT�' ½ C D/. ÎÕ� CaCl2� 8¡r MgCl2� 8¡
 `¥

!� 	Sq _�
� ��+ kSl� �at ÍÔ/.

Fig. 5� ¸ �;
 Q+ WX�� kSl' ���f/. ^Q� $z

{ PÁ' Í��� ¸ �;
�� ¸ ¹º
 �bå� àä ^a� k

Sl' ���f/. KClY MgCl2� 8¡
� ^Q kSl' Í�� ̧

� �;r � !ÔL� NaClY CaCl2� 8¡
� J$�; ��L�

¸ �;t �r|}V Î ��� kS� bÓ�A Ê�/. ��' mV


�� WX� kS� z{ PÁ
  ¡ ¦ i¼' xí� ��ÿ' ½

C Df/.

3-4.  ��� 
�� ��! "#$ %&: �� ��

Ñ �H
�� $z{� FG' )(L�!� wz{� FG' )$

!Ô/. Fig. 2� ÐY�6â wz{� ^� pH� à	 ¸
 Q±  ¡

�� pH(5�!)ÿ' Ç�B C D/. ø+ 1 : 1 S±�� 8¡ KCl�

6��, NaCl� 8��� pHÿ' ½ C DL� Fig. 4� ÐY
� Í�

�» \�  ¡ �� pH
�� ¸� ¹º
 �bå� �� �� mV


 kS�"� wz{� Y� C
�� pHr �R 1 : 1 S±�' êr

!� 8¡
 PÁ��Ø� �Æ' @zB C D/. �s �@� Ñ �

H
�� wz{
 �
+ Y� C
��� pHt 8� R$!R 1 : 1S

±�� KCl' êr!Ô/.

Fig. 6� ãã� ¸
 ÒØ ^Q PÁ' Í�� FG !
� @)�L

� $z{+ WX�' Y� C
��Y ��|� wz{B n Y� C

Fig. 4. Effects of pH and salt type on precipitation of BSA in the inter-
face; [AOT]org,o=200mM, [BSA]aq,o=1.0 mg/mL, [salt]aq,o=0.1M.

Fig. 5. Effects of salt type and its concentration on precipitation of BSA
in the interface; [AOT]org,o=200 mM, [BSA]aq,o=1.0 mg/mL, [salt]aq,o=
0.1 M. Fig. 6. Effects of KCl concentration on backward extraction of BSA.
���� �40� �2� 2002� 4�
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�
 êr+ KCl� �;
 Ò� wz{ PÁ� 9:t Í� �ý�

/. $z{ FG� 1 : 1 S±�� NaCl� 8¡ � 95%��� wz{

PÁ' ÍÔL� KCl �;r �r�
 ÒØ qq �r!Ô/. �¯�

$z{ FG� 1 : 2 ̧ � 8¡ � 0.3 M KCl �;§A� 10% �!�

 ¡ �� wz{ PÁ' Í�A� KCl �;r 0.3 M ��L� �r!

V wz{ PÁ� ��!e ¼��f/. ÎÕ� CaCl2t �
!� $z

{+ 8¡r MgCl2t �
+ 8¡Í/ Î �� wz{ PÁ' Íÿ'

½ C D/. ��' 1 : 1 S±�� $z{ FG� 1 : 2 ̧ ' �
± $

z{+ 8¡
 `± Î �� wz{ PÁ' Í� �@� @)�
 � 

!� wxy *� WX�Y 1 : 2 S±��� mV?%, ¬�6&Y�

��4
!� �°� 1 : 1 S±�� 8¡Í/ $% �!e 4
!R D

) noL� �ãI/.

Fig. 3Y 6' `¥!V KCl �;r � 1 M ��
�� wz{ PÁ


Q+ pH� i¼� >� åL� KCl �;r � 1 M ��L� �r!V

� i¼� +,±-' ½ C D/.

3-5.  "'� ()

@)�
 � !� wxy� Ì)t �$!� gh�� ���� g

h� �[.hY ���� gh� @)�� C&�lL�6â �$!

� gh� D/. Q6&� wxy Ì)� �S� ÆÏ�
� ÍRI �

» \� ���� gh' �
!� Ì)t �$+ ÐY» �[.h'

�
!� �� �$+ Ì)» `¥B n �è0 _�+ ÐYt Í�R

D/[14-16]. �s �@� Ñ �H
�� �¤+ Karl-Fisher �$)t

�
!� @)�� C&�l' �$!� wxy� Ì)t m[!Ô/.

wxy� Ì)� water pool� K8(Rwp)� /©L� /�B C D/.

Rwp[nm]=(3Vw/Σ)W0 (1)

�)� Vw� WJ �&�� 6ó�R, Σ� mV
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Fig. 7. Effects of pH on the molar ratio of water to AOT in forward
extraction.

Fig. 8. Effects of salt type and concentration on the molar ratio of
water to AOT, W0.

Fig. 9. Effects of salt type and KCl concentration on water content in
backward extraction.
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