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Abstract: We used biofunctional chromatography to study the interaction between insulin and immobilized insulin receptor(IR). 

The heterogeneous insulin receptor extract from Wistar mouse liver was immobilized onto the surface of an immobilized artificial 

membrane through coating. The detergent was removed by dialysis to reduce its interference with the chromatography. To optimize 

the protein immobilization, we optimized the coating conditions at: pH 7.2, ion strength 20 mmol, and organic solvent 2% (V/V). The 

competition and self-displacement interacting study of insulin with IR was conducted by the zonal elution using insulin as the 

self-competition agent, the result indicated that the insulin receptor was active and interacted with insulin. In addition, relative bind-

ing constant was determined by frontal analysis by changing the concentration of insulin in the mobile phase. 

Keywords: biofunctional chromatography, immobilized artificial membrane, protein-protein interaction, zonal elution, frontal 
analysis, binding constants 
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� 1  IAM.PC.DD2 ����� 

Fig. 1  Surface structure of IAM.PC.DD2 
 

«¬¦	 ®��, ¯ 2 °α±p² 2°β±

p³α2 β2 x´, α±p²β±pD�-S-S-'�_(

α ±p�qr�GµHI, MN¶ 130 kD, c)Y

«¬·¸w�%�¹(β±pºG5»r�, MN

¶ 95 kD[9](«¬ ¼½%���MN, �Y«¬

¦	O%���� ¾<¿À®ÁÂ�qrÃÄ�

Å?/²����´%&',  ÆÇ%23���-

�������%EÈ( 

:;� IAM�ay7�, Kxm¨EFqrG

HI%��ÉÊ	©�aËÌ�, �«¬¦	y

7� IAM �, «¬�aÍÎ, L�PQRS,�
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1  ���� 

1.1  ���� 
ÔqÕÖ@A×(�ØDÙ), ÚÛÜÝÞßà

(áo¬â), ãµMääåæ(áo¬â), IAM.PC. 

DD2�� 12 μm, 300 Å(çè REGISéê), ÔqÕ

ë¤ìMía 400 μm� 50 μm(îïð¡)( 

1.2  ���� 

������(�	
�), ������

Wistar ��, ������
��, �����

�(Millipore)� 

1.3  ���	 
1.3.1  �������	 

+,ñò}óôõö[10], ÷Ùøù((/ú^�

û� 4ü/ú1!): 250 gýþWistar �����n³

��(� 8 g), / 24 mL	
����, �Û���

�/ 12 000 gÞß 10 min , ��t, / 50 000 gÞ

ß 45 min, �ú���� 10 mL�������G

30 min, ¼�/ 120 000 gÞß 30 min, ���³.( 

[�	
��a: 0.25 mol/L�®, 5 mmol/L

% EDTA, 1 mmol/L% PMSF, 2 mmol/L% MgCl2�

25 mmol/L% Hepes��(pH 7.6)( 

����a: 1%% TritonX-100 	
��, 

� � 25 mmol/L% Hepes��Å´ 50 mmol/L

% Tris-HCl��(pHø´ 7.6) 

1.3.2  
������ 

ô����Ù¶���7,, �>6 BSA%

!"#$, %L�&!$1!'���(¶%�7�

1.3.3  ���������� 

|�) 5 mg/mL IAM ��, i*8�% pH

+�ÞN,å�)à�-%.å�y7?/O, �

0��'� 1 mL, ��12, �37/O�, �

7�¤45��%6¶ , y712¶(mg)=��

(¶(mg)−45��¶(mg)(�
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1.3.4  �	
�� IAM������� 

|� 10 mg IAM��, Y 5 mL��'�7�

�1!Ì89V�y7?(9VaEF��ÉÊ

%��, 250 mL% 50 mmol/L Tris-HCl (pH7.6)�

�, [�6 5 mmol/L2¶(mg)=��(¶(mg)−4

5��¶(mg)( 

1.3.5  �	
�� IAM������� 

|� 10 mg IAM��, Y 5 mL��'�7

��1!Ì89V�y7?(9VaEF��É

Ê%��, 250 mL% 50 mmol/L Tris-HCl (pH7.6)�

�, [�6 5 mmol/L% EDTA, 1 mmol/L% PMSF, 

2 mmol/L % MgCl2, :�9V;.<�MN¶a

8000~14 000 /ú, � 4ü%=>¤/ÖÌ?@N?

@1!Ì89V, A 4 hB9V(9V 36 h( 

1.3.6  ����� 

C,�D% IAM½ëa 400 μm×1.5 cmëEF

Mí_G�Håa 10 cm� 25 cm%¤ìa 50 μm%

ÔqÕë(}~ 2), /�IJ, "[KL�» 15 MPa(

ëN�MNO PúQ5("�TRS�DÙ%Ô

qÕÖ@A×�1!�LË  Ì�TU , "��V

W²//��NO�RTUQ5( 

 

� 2  ����� 
Fig. 2  The column using in this study 

 

1.3.7   !"#�$%���-������&'

�( 

ËÌ�a 20 mmol Tris-HC l(pH 7.4), 6 5 

mmol/L EDTA, 2 mmol MgCl2, 1ÍËÛ  0.005 

mL/min, 1Í/O: 10s, ÍÎ 2 μg/mL«¬, X�

YH:278 nm(�¦	y7?T, �«¬� IAMë

�%QZ·[MV , y7?¦	Ñ� , �Í�«¬

�aÍÎ�ë, \]QZ/O%Å?(¼��Ë

Ì���0�^_g	V` 67.å%«¬ , 

TU 30 min �%1«¬Í\]QZ/O%Å?( 

1.3.8  )*+,��-���.������(/

012�34 

�©ª.å%«¬ÍÎ a0 2 mLÍÎÉ¤, 

� 5 μL/min%ËÛú, _`1Íb>TcdKe`

1Í 10min(/fd��%/Oa", ghú8�.

å%ÍÎ>d%/O , �0éiæj , æj+,�

ú[11,12]: 

�k7 AY I� L�^_%��l�)6°%

mnú, .¯úI%éi0op A �ë�%QZY

TUqrÑO%&©:  

  (1)         

[�[A]−ËÌ��g	 A%.å/μmol/L 

[I]−^_g	 I%.å 

KA−A�ë�%TUqr 

V0−ë��	s 

X−Y^_g	)&%tuvN 

mL−¦	�ë�%r¶/μmol 

kw−ÍÎ A%QZvN 

kwx= (tR − t0)/tR 

tR − ÍÎ%QZ/O 

t0 − ë�yQZÍÎ%�/O 

z^_g	�1Í%ÍÎa�{��/(V³

A=I/), éi./Å´úI%|i 

  (2) 

/[A]a X, 1/kwa Y �}$, X�%~�a C = V0/ 

KAmL, �� D=V0/mL, � D/C=KA(v&D�&éi

�~./�>w�qr%�½( 

2  ����� 

2.1  �������	
�  

��Þß+,'�>%«¬¦	,  �6«

¬¦	²Y[MN¶��%67��Ñ¤%{

��%7�	, L�ô����,�7��.åa

(16±5) mg/mL(D�6d��Ö�� 130 kD� 95 kD

2�û) Q./ÒÓ��«¬¦	%5�(�

�8�16ÓM?, 6 )L»Q�¦	%�JÉ

Ê, Ï ¦	-g	��%·¸J( ¦	�J./D

�PQRS�TUMV�+,0�7( 

IAM %HI¯»EF% �uv%HI, v&

J��Y[)��Ñ�, �ay7�/)�J%�

����%��Y������, �y7?¦	�



86    ISSN1000-3061  CN11-1998/Q              Chin J Biotech                January 25, 2008  Vol.24  No.1 

  

Journals.im.ac.cn 

�/, ¦	Y IAMw�%+iñò D���'�

�'��Ö¾����, �Å pH+�ÞN,å��

¾�y7?�å%�Å( 

��F pH%mnú, �������, ÞN,

å�» 500 mmol/L %mnú, V����¶��, 

��-��´y7?�å��%k�(v&��ô

 y7?%�å�¦	��%�JQ�%��/²

¡¢���v, ��ú% pH +���ÞN,å

��¤�£, i7¨1!y7?%¼¤ pH + 7.2�

ÞN,å 20 mmol�)à�-.å¥/£y7?¦

§8� , �/)��%.$ , ^����0¨¶)

à�-.�©@Ad|, v&�ë�y7?/ª�

)à�- 2 % (V/V)(}~ 3( 

«¬y7^��9V%�% ®��'�

�%�G-, �/D�?@N%?@"��Y��

'�DMG¯( 

1!y7?%w��K°��'�, ^�/O

H�)��Ë±%
�, �/¯»�JQ�%²³, 

A´ëN%"�µ¶�aEµ(�

2.2  ������������������

�� 

PQRS,ñò` D�\]¨¶ÍÎ1Í�

%QZmn, 0��ÍÎYy7�ÑO%����, 

1�WX:·ò%�Z, ¸�D��ËÌ¹��0

º�-\]ÍÎQZ%Å?./X�ÏÐYy7?

%MNÑO����%&©( 

oõ£¦	y7?T�%«¬���Hå

IAM ë�%QZmn1!¨ÒÓ%£¸, K¸�¨

�ËÌ���0�^_g	%mn (}~ 4) (:;

i*%�7 t0%�� BSA, ¯~»V./¼>½

{ Pú«¬Yy7�����%¾¿(B  P

y7?¦	�«¬%QZvNY A PÀy7?

¦	/«¬%QZvN�¸)ÁÂ%Ã�, DM

ÃÁ¦	��)��y7� IAMÄ	�KY«¬

<�¨��( 

£�j C %+, �ËÌ���0 10 nmol/L

%«¬, DMÅ�/�%�«¬�aÍÎa0, 

¯»ë��J¹lÆËÌ��%«¬ÇÈ, v&

ÍÎ«¬%QZ/OÉÊ(�V./ËÌ6°Í

IÎÁ¨ë�«¬¦	%5�²[�J( 

&µ, «¬Y¦	%·¸J��%�½·ò©

Ï%«Ð0ÐÎ, �` :;úI%b�¨.L�ÑÌ

-^_,./����·[J, L�©ª.å£¸.

/æj>���V³w�qr%�½( 

2.3  � !"�#
$%���&' 

TUMV+,�Í./X�ÍÎYy7�O�

���&©%�Z( 

«¬Y«¬¦	%w�, �66°�Ò�

å�6°¥Ò�å%¹l, :;ô �Ò�å%¹

l[13], KÓÏÐ 1�1%+iw�( 

z«¬¦	7����y7� IAMë��, 

./D���Ô¶%1ÍÉ¤Mí�0©ª.å%

«¬ÍÎ�, \][�ë�QZÅ?%¾¿( 

ÕÖ1ÍÉ¤«¬ÍÎ%8�10, ./¯~

5 �:×X���»Ø�#$%Tcd, :;�QZ

/O7�[Ùl�, ./¼>ÕÖ«¬.å%Ã�, 

QZ/O8�%ÉÊ(ËÌ6°ÍIÃÁ�.å«¬

Å�«¬¦	��¹l%Ûå8��Ú( 

 
 

 

 

� 3  ���(a)�pH�(b)�	
��(c)���������� 
Fig. 3  Effects of ionic strength (a) , pH (b) and organic solvent (c) on the protein immobilization onto the IAM  

a: pH 7.5, organic solvent 5%, coating time 3 h; b: NaCl 20 mmol/L, organic solvent 5%, coating time 3 h; c: pH 7.5, NaCl 20 mmol/L, 
coating time 3 h 
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� 4  ������ 

Fig. 4  Zonal elution profile 
 a: IAM column (1.5 cm) without IR receptor; b: IAM column (1.5 
cm) with IR receptor; c: IAM column (1.5 cm) with IR receptor at 
the same time adding 1μM insulin in the mobile phase. Eluent con-
dition: 20 mmol /L Tris-HCl (pH 7.4), 2 mmol/L MgCl2, flow rate 

0.005 mL/min, sample 2 µg/mL insulin, λ=278 nm 
 

���(2)����	
���������

������������� !"# 1, $%
�

�&'[A]()*+,-�.� 1/k′/0�12

(34 6), 5612 y=0.167x+0.238, 78/9:;5

����< 0.702 nmol/L, �=>��?@;	

������AB�+C[13]� 

�DEFGH, 
��IJ&'�KLMNO, 

P�&'KL�QR, S,<TUV'QWXYZ

	ZA
��&'[\]^_�`a , P�Qb , 

Scdef"gh�ijKL�klm���no, 

��p(q��Hrs�tm���uv, wx�

�yz�uv{|}~B�� 
 

 
 

� 5  ������ 
Fig. 5  Chromatograms obtained in the frontal analysis study 

The mobile phase concentrations of insulin (from left to right) 

were10, 7, 5, 3, and 1 μmol/L. All of these studies were performed 
in 20 mmol /L Tris-HCl (pH 7.4), including 2 mmol /L MgCl2, flow 
rate 0.005 ml/min, injection loop is 2 mL. t0 was detected by BSA. 

λ = 278 nm 
 

 1  !"�����#$�%&'��()*+,�-  
Table 1  Insulin concentrations and related retention factors by frontal analysis method 

[A]/(nmol/L) t0 tR k' 1/k' 

10 1.68 2.51 0.494048 2.024096 

7 1.68 3.14 0.869048 1.150685 

5 1.68 3 0.785714 1.272727 

3 1.68 4.46 1.654762 0.604317 

1 1.68 5.13 2.053571 0.486957 

 

� 6  ����.%&'(/012345� 
Fig. 6  Frontal analysis plots for insulin on an immobilized IR 

column systems with single site binding (D/C = KA) 

�������	
������, �
�

��������, �������� �! 

3  �� 

"#$%, ��&'()*�+,-./01

23456789:;�����;<!=>?@

�:;ABCDEF 2 IAMG;�34, HIJ

KLM�NO, PD-56789:;&QR��

�STU; HI������ , VW-XY���

���Z[\!]^��_`&CDE�abc d

��e�f��dghijk�lm;jk�4�



88    ISSN1000-3061  CN11-1998/Q              Chin J Biotech                January 25, 2008  Vol.24  No.1 

  

Journals.im.ac.cn 

n �! 

o��p�qrc�stu, &vwjkcx

yz{|}�4~�[���, �vw�����

NO�������! 

REFERENCES 

[1] Golmis E. Protein-Protein Interactions. New York: Cold 

Spring Harbor Laboratory Press, 2002. 

[2] Deng YL, Liu YQ, Ma W, et al. The concept and method-

ology of biologically functionalized chromatography, Life 

science instrument, 2004, 5(2): 9−11 

���, ���,� 	
�� �� �����������

������.� �� �!", 2004, 5(2): 9−11.�

[3] Cheng Y, Charles Pidgeon, et al. Immobiliazation artifitial 

membrane:screens for drug-membrane interactions.   

Advanced Drug Delivery Review, 1996, 23(1~3): 229−256 

[4] Shaowei Ong, Charles Pidgeon, et al. IAM chromatogra-

phy—mesurements of membrane partition coeffitiont and 

predicting drug membrane permeability. J Chromatogaphy 

A, 1996, 728(1~2): 113−128. 

[5] Zhang YX, Xiao YX, Kenneth J Kellar, et al. Immobilized 

nicotinic receptor stationary phase for on-line liquid 

chromatographic determination of drug–receptor affinities. 

Anal Biochem, 1998, 264: 22−25. 

[6] Nektaria Markoglou A, Ruth Hsuesh A, Irving W Wainer. 

Immobilized enzyme reactors based upon the flavoen-

zymes monoamine oxidase A and B. Journal of    

Chromatography B, 2004, 804(2): 295−302. 

[7] Nektaria Markoglou, Irving W Wainer. Synthesis and 

characterization of immobilized dopamine b-hydroxylase 

in membrane-solubilized formats. J Biochem Biophys 

Methods, 2001, 48(1): 61−75. 

[8] Krzysztof Jozwiak, Sarangan Ravichandran, Jack R 

Collins, Irving W Wainer. Interaction of noncompetitive 

inhibitors with an immobilized r3â4 nicotinic acetylcho-

line receptor investigated by affinity chromatography, 

quantitative-structure activity relationship analysis, and 

molecular docking. J Med Chem, 2004, 47: 4008−4021. 

[9] Liu R, Bai H, Liu BW. Signal transduction of insulin re-

ceptor. Progress in Physiological Sciences, 2001, 32(3): 

254−256. 

�#, $%,��&
.�'()*+,-./01234

56789:;� 1 <=>?@, .��A �BC ,�

2001, 32(3): 254−256. 

[10] Freidenberg GR, Klein HH, CordEra R, et al. Insulin re-

ceptor kinase activity in rat liver. J Biol Chem, 1985, 

260(23): 12444. 

[11] David S Hage. High-performance affinity chromatography: 

a powerful tool for studying serum protein binding.  

Journal of Chromatography B, 2002, 768(1): 3−30. 

[12] Hage DS, Terance AGN, Irving WW. Characteration of 

protein binding of chirak drug by HPAC interaction of R- 

and S-ibuprofen with human serum albumin. J     

Chromatogr A, 1995, 693(1): 23−32. 

[13] Marshak DR, Kadonaga JT, Burgess RR, Knuth MW, 
Brennan Jr WA, Lin SH. Strategies for Protein Purifica-
tion and Characterization: a laboratory course manual. 
New York: Cold Spring Harbor Laboratory Press, 1996, 

202−203. 

 

 
 

�������	
���

2007 � 11 � 30 �����	
�������“���	”�

��������������� !"#$ 1000 %&'!(�)*

+!,-$!(./0123456789:;<$=>?���	


����@ABCD2
E�FGH$IJKL�2002 � 4 ��

M2NO?��PQRSTUV 1 WX�YZ[1 W\]X^YZ[3

W_`YZ[14W_`abc[22Wdefg[40hiIej9_

`\]klm 250hiC;no?p�q���rstBTuAvwL

7Mxyz{|�}~��2�
E�FX^��=>$56e�[�

�$I98���dd��Q�$�X��?�:�����PCR

�[��|�[\zc�? 

���	�������
R	��� ¡¢£����	¤¥p�¦§$�¨©]9ª«¬[wB[~®$

�¯��°$±²#³�´µST$JK¶b�Tu·¸�¹rºV»¼�¹$½¾�4«$I�¿�ÀÁ$®;

ÂÃ[ÄÅ$JK²Æ9Ç��3È�É!($ej�.ÇÊËÌÍÎ®“JK�ÏÐ
E�F:;�¨”$ÑEÒ�


