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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

EOF-EAFMHEAE AR ZEYER BRI IR SCHE . VR 2 A RN Iy LR AT LU
B, W DNA S (5o, fUlHERISFSE, B2 MR E A B LA BT, (B — 2 1

Received: April 3, 2007; Accepted: June 4, 2007

Supported by: the National Natural Sciences Foundation of China (No. 30170336&20275005).
Corresponding author: Yulin Deng. Tel: 86-10-68914907; Fax: 86-10-68914607; E-mail: deng@bit.edu.cn
H 5 A RB 4% ) (Nos. 30170336 F11 20275005) .



84 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

January 25, 2008 Vol.24 No.l

A,

AT K JE A W 1) RE fk 3% (biofunctional
chromatography, BFC)# AR, 5 s #5481 A= Wy i (1
TR BT, I A S BOR T 58 - TR T X
VERL . AN MR TR, R A oy 7 S AR Y
HIAE AR OCAR B o DAL e . #RARiE SerkmT LA
BRUNE R EAREAAHEAENN TR, 524
03/ 5T 6 R A T DA HEA T RO O 6 . AR 1 AL A B
A R PR 45 1) 5 5 T4 o

AT H (P ) €2 i 35 I A UL 24 i 5 % 1
J2 W N 45 #1546 N B (Immobilized  artificial
membrane, fAiFR IAM), (W& 1)IAM & Pigdeon %5 A
Vg OB AR &5 1 DL Lt B B A Ak e b A Sy [ AR T
BRIAE HATE Tkl 5 c18 AR
[, TAM [ AR E A AR 8 Sk B8 A g 2K 1 2 356
H@EBAEAER, RIS Y5 FAER R
PRAHZAK . Irving Wainer 22 A [ it fLH4AERR
PLRLLIAM S LT, Xof 4 i N iV T 2 L S2 4k
525W B S AT T — RS aEse e,

H,C. CH,

NOHSHT
IAM.PC.DD2

1 IAM.PC.DD2 BYRELH
Fig. 1 Surface structure of IAM.PC.DD2
e B2 EN, 2 Halik K 2 BT
SBla2 B2 A AL, ol I K Bl 5L 58 1o -S-S- 5 AH %
o WEEAE A I BT AR AN HT, 43Tt 130 kD, HA 5
JBE 5 AR R AE A RAL. BV LS A TR, 40T
i 95 kDPL, S R E /MUK T, EEKS
R AR AE BAE R 5 R A a4 i

Journals.im.ac.cn

AR DL K B O O, R AR B RS R R -
& H B AR AR

FRATHT TAM VR0 [ AR, AR 60 40 i i
T A BEERSFEAR R A TSN, R IR 2K A2 AR
RETE IAM b, JRE ZAR N RERL, R X e A
B 20 7 ok — 38 Z Bl W AR AT T 010 /Y
T,

11 SRIGEEM

ENE AT (I E L), A TR B0 L
(AA LA, LMt (H AR ), IAM.PC.
DD2 ik} 12 um, 300 A(3:E REGIS A H]), BN
K424 5128 400 pm Al 50 pm (] LK 4E) .

12 KWHH

N T AR JR 2 (i 11 43288), RS R ZRELA
Wistar KB, A2 i Y oA al, Ko LB+
7K (Millipore)

1.3 KIidiE
131 phy FZIENI#EHK

J5 1 FE WS SCER[L0], WEROREE . (LA 1Rk
YIHE 4°CLAF #E47): 250 g 2547 Wistar K BACSE) 7 B
(29 8 9), LA 24 mL 23R GE0BEE R, e Blce T
Ji Lk 12 000 g &.0> 10 min, B EJZ, LA 50 000 g B
O 45 min, BCRFRITIENN 10 mL /28 1Rz s
30 min, /i Lk 120 000 g 5.0 30 min, B EIFEIAT .

HrP A3 2 b Ay: 0.25 mol/L #ERE, 5 mmol/L
) EDTA, 1 mmol/L ) PMSF, 2 mmol/L fYJ MgCl, fil
25 mmol/L 1) Hepes 2% ¥ (pH 7.6).

RN 1%0Y TritonX-100 2)%¢ 22 whi,
HJEHE: 25 mmol/L ) Hepes 2% i 7% i 50 mmol/L
i) Tris-HCI 2% #if (pH W3 7.6)

132 L& A2NIIE

2 s W R A T E T, i — 2% BSA
PRI IR, PR FH AR R A T4 BBUER 11 Rt I
1.3.3  FHAMEE LRI FE

FRELZ 4y 5 mg/mL 1AM R, EEAERY pH
B, B TR . AT ML R B v B R ARt [,
ANBARBOE 1 mL, EHWMH, 28enmE, W
JE VA VRPN R B R o, D R B (mg)=FE
S (mg) -4 8 F i (mg) -



O Y I REAL Ol BRI F R 3 5 L AR A BT 85

1.3.4 KA FTA \AM [ H915 38 18 T 7%

FREC10 mg IAMIEEL, 5 5 mL & AR BURIR &
Je AT S AR BT R Ak o 33 WA LA Py R B
(I8 mif, 250 mL % 50 mmol/L Tris-HCI (pH7.6)%%
ik, Hd a5 mmol/L it (mg)=2& 1 & (mg)-Fl
AREE (M),
1.35 HIKEFTHE VAN B9/ &1 7

FREC 10 mg IAM 3K, 5 5 mL 2 P4 BUR R
B AT Sh A BN E AL . BTN AL 3R
B9 2% nhift, 250 mL () 50 mmol/L Tris-HCI (pH7.6)%%
M, Hoh £ 5 mmol/L ¥ EDTA, 1 mmol/L () PMSF,
2 mmol/L 1) MgCl,, Fr B Hrasnl il &R
8000~14 000 LR, 7E 4°CIHIVKAR N LA S+ 71
PRI TN ASBAT, B 4 h uBHTR . BT 36 h,
1.3.6 #HHIHIE

TR FT 1AM /N 400 umx 1.5 om A 7 i
A3 3 EKBE R 10 em AT 25 em B4R 50 um £
EAEHECLA 2), DUgsEEr, i E KT 15 MPa,
HEF R G 55 N ORAE . (R A2 A i) &
YA LAY TR B A, S
N KB AIK L i vp e R A

$
(NN

CLLLL dysysivees WLLLL
EZZZ7AEN8% 777
2 WMHETEA
Fig.2 Thecolumn usingin this study

LT :i‘

ch

TH

137 X Ao I £ 55~ B 4 35 52 1K 19 1 4
1EHT
Wsh# A 20 mmol Tris-HC I(pH 7.4), &% 5
mmol/L EDTA, 2 mmol MgCl,, #F#£¥i# 0.005
mL/min, PERERFE]: 10s, BEdL 2 ug/mL R K, Kl
Pt :278 nm, 7E 321K [ 2 AHT, BB S R AE 1AM A
R BARE S Hr, BEZIRZ G, RIS
FAE RS A, WA AR BT A 1. RS 7E R
SR I B S 4T AR L A — v R 1 g
P 30 min S5 PR IR B 2 WL EE IR B N 1] A AR A
1.3.8 Gt G5 7y AN £y 35 I 5 2 2 K 2
G
W RN S R AT A 2 mLFE S IR,

FE 5 ub/min BREE T, B 2 O 5 1854k S0
HERE 10ming DA 0 0 (9 I E] S ofE, G0 SRR AN [R)
[ = RN <150 i L AVIANE/A= V4 o N 4 R
—F‘[ll,12]:

FEfRE A5 THE L ESe i A A —
O, Ald N A SOk A B B RE S
A R ] B O AR

)

FrP[Al- S0 AH R BCAR A B B /umol/L

[1-3e FrBCiA | ik B2

Ka—A FERE_E 1R 1 5L

Vot _FABARFR

X5 55 P BCAARA G AL I A F

m —SZRTEHE B AR /umol

k' —FE il A B DR B

k'= (tr — to)/tr

tr — FF i A9 LR BA B[]

to — F1_E JCOR B A & i SR (1]

2 5 A T A R IE R B A B Ay () Rl g JB A (- B
A=1 BF), AT LS R T B X

(2)

VIAL A X, UK N Y B, fS3M#EEEN C=Vy/
Kam, #F% D=Vo/m, W D/C=Ka. Kty
YEIRT LAK H 2545 50 R/ o

2 HEXREW®

21 EHRMERSEE®R

HRBR B0 IR TR B S R A2k, R AR
B ARG oy i R — Y 2 ) 2 A
EAMRAER, R W52 0 e 2 2 R E N
(16+5) mg/mL . 3 i — 2%k L 7k 7 130 KD A1 95 kD
RS 35 25ty BT LA 25 20 B Bk 5 28 2 AR I AA e . 3R
FIAR it — L alif, — &4 R T O 52 4 0 76 1 30
Be, TR R-BOARVE AR RS . RS M AT DL
T DTSRI . FTVR 2 BT S O R E

IAM ()R 1] i FRLHL A0 2 BR i fig i e, DRt
PR 5 HAT MUz AL, A A [ AR AT AP A Sk
BB A K 1Y B2 585 7 A EAE T, A e fh sz iR R

Journals.im.ac.cn



86 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

January 25, 2008 Vol.24 No.l

FIEF, 215 1AM 854 11 Jr X 3 2 i mi K B
A R B SRR, MU pH A BT RE S
5 | J T A AR B I A

FEMR R pH ITEOL T, A ATIE, BT
FEKTF 500 mmol/L fIENLF, a4 KiEbilE,
XSRSt B LR R R S . ISR
JEEE R | 2 REE 1A M R A3 R LA 2
WERUTIE SRR, EAT M pH A TS FA B FoR
T NI, T R T e e e pH 7.2,
BFORIE 20 mmol . A ML R vk B AR X [ Ak 5
WA, B UL E 1 P RE, FRfEd A mA D 8
1RSI W R N S S o ol W e e RN
HHLEHR 2 % (VIV), WLE 3.

S [ A 4V B AT I E R 2SR AR B
R AR, [ 3R A A R R DR S A
PEHOR 78 5742 fil

HEAT [ 8 A R 45 G 1 IR AE S B T, BRI
KEBEARRIEG, R o 06 PE AR )
T LAY A R I 2 R R R
22 XEkBRAEMRBRBEESHESZHRENEE
1EF

DX P A 32 = il e 2 ek R/ B R i B I
DR BRI 0, R J DRI ARE: it 5 11 7 A 22 ) A A B4
T FRAS BT 5 B A A5 B, b i i 7 3 sh 3 Ao A
P ah) UL A it O B A AR A T AAR B 3 5 [ Ak
5T Z A EAE R

AR SCR 7 A T A AL T IS B TR I 3R 7R A [ R
IAM HE E PR EIE SLHEAT TR X L, T
AT B e A BRI S (LB 4) o AT

a

WEFERIIE to P BSA, MW A IEH =
Fp oA T & 5 B MM EAE k. B &4
[ 2 R G S R R 7 5 A R E ik
2 AR R 2 R B TR B A B S R, Ay
Ut B SZ VRV W A 4 5 T 1 TAM AR B OF 5 15
RBEETIEA,

XTHRZH C W7 iR Em A A 10 nmol/L
MR 2, FT RN UG PR IR 5 RAE MRS T A,
FY TR b T P A B Sl A R i B S 2R, R
B R 2 R R B B R4 e T LA 5 — il
THUE B T RE b i 2 A2 IR A7 A S OE M

UEAh, 53R 5 2R RE R A E A RN R
GERSEI ORI IE, SR FRAT R Y TAE TR )
7 Ak o] LUK/ R e, ) 2R 90 e Bt L T
DU A P - B 45 1 50 R
23 BIBAEMESESIERBIXN

HVR A3 BT 7 125 TR AT LAAS 2R a5 18 22 AR R0 A0
HAEMRRBMER -

[R5 R SRS R 2R A, B8 — Ak
BERT— A SR RS B AL, FRATT 28 08 e S A EE B oL
AW IEH TR L1 G A

MR 8 2R S TR A B A TR E E IAM AT S,
A DL o) 7E A SRR ER PN 43 I A R A e EE 1Y)
JE 5 RSV, MBI FORER AR A

Bl A B DO B 5 AR S ARSI E A, AT L el
5 FETRSREIZETF RN Gk, AR
A ) AR s ik, T LU H B i 5 R R A B o,
- BA B IEDAS B 208 66 o DA — 00 T D o ke 5
FARFIR S 252 A FAA S s BT e

C

=11}

2060 £ 070 £ 065

£ 055F £ 00f £ 060 [

E 050} 2 0%t g 0357

= g 2 = (.50 F

B oasf 2 050f 2 oash

= 040 S 0ul = 040 |

E 035 2 035} 2 035p

E 030 ———— E 030 ——r————— £ 030 . : . -
= 0 5 10 20 50 70 100 £ 553602 645 7 74 8 E 0 s 10 15 20

MNaCl concentration{mmol/L)

pH value

Methnol concentration( F/1)%

B3 #HiKE@)-. pHEDL)FENET(OMEBEELEZEEZM
Fig. 3 Effectsof ionic strength (a) , pH (b) and organic solvent (c) on the protein immobilization onto the |AM
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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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 1uM insulin in the mobile phase. Eluent con-
dition: 20 mmol /L Tris-HCI (pH 7.4), 2 mmol/L MgCl,, flow rate

0.005 mL/min, sample 2 ug/mL insulin, A=278 nm
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Fig.5 Chromatogramsobtained in the frontal analysis study
The mobile phase concentrations of insulin (from left to right)
werel0, 7, 5, 3, and 1 umol/L. All of these studies were performed
in 20 mmol /L Tris-HCI (pH 7.4), including 2 mmol /L MgCl,, flow
rate 0.005 ml/min, injection loop is 2 mL. towas detected by BSA.
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Table1l Insulin concentrations and related retention factors by frontal analysis method
[A]/(nmol/L) to tr K 1K

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
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Fig.6 Frontal analysisplotsfor insulin on an immobilized IR
column systemswith single site binding (D/C = Ka)
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