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1.2.1 REMFREMNBRENL (CPU. # PUL-R
TH-2-DMF (JRELL R 496+ 4 ) EBRER, %
BTPUMEHLE, 60CTE2h H£EE IR, 15
CPU, REBREWREFANE. KEEEFERBT
1.2 g/L Tris P, WEH 0.05 g/L. 4 PU,
CPURHF#EM 1 cm X2 eom, BA 3 K, BAKE
EBEEET, 1 h FEH, ZEEBKERI K, BE
A5 g/L Tris- B (BARLEL T+ 1) 10 ml FHE
Bi, BERRWRTE 752C AN NIEW (LIBR =4
Mrixgs) > Li%E 611 nm ADAIRIEE (Aq), 1%
BT p=12.06A+0.224 (=7, r=0.9965)
RHEBRBRE oo A XEORESTE
(mmol/m?) . WL RE WA, Ok
FREESTREXCAFREAN, BOPHES. L
BE AL B Chro (C-Chroy., TR E4 K PU A
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¥ EDCHEHTEMK/ O (1) HiETh, RE
R 10 g/L, HE&RK CPURAETH EDC Bl
MBS, ETFHEH, BehiERSsL, ERFE
B 360°0EF, 1 h/BEE, BB AEBKER
3, BRAE 2 g/L BSA KRR E P, EiE
Fis PERER 2 h, A H 0. 059 E-20 108

MY BSAP), C-Chro, X EALF) PU 1 Chro 12
[El25Hl#% (C-Chro-BSA. PU-BSA F Chro-BSA),
FIE BSA BEHEFNE. 1552 & BSA
WE T C-Chro ¥ A R E £ (C-Chro-coat-BSA),
£ EQUINOX-55 £ 46 (8 E Bruker 4 7))
b R TR RO (FT-
ATRIR}, IREEAA0 BSA &40 H B [E 25 W5,
FIHZRETE BSAEH &
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H 5.6 10° Bg/g. > I+Hir 0. 05 mol/L MES-
0.05 mol/L NaCl (1 + 1 f&FH k) BERK 52. 8 MBg/L
P& (pH=4. 75). EDC ¥ T0. 05 mol/L MES
P (pH=4.75), WEF 10 g/L. CPU-BSA i H A
& EDC My iiRE N, ZETFEH, ®ERSLE
ZWIER. 2 h FEUHE A, AEAER 3 Ik, iR
R emX1 emT A, BRBEADEERT, 5
AL ml P Hir EiEW, 4CHBE 1 h, BER
REWRIES 24 h, BUHH 0.05%HR-20 (B H:
BMER (pH=7. 4> {3 X, #1§ CPU-BSA-
SoHir R (B 1. 78 FMJ-182y 11838 (LiE
R FIATRET A 3 E5) D 52 CPU-BSA-'* I-rHir
FER IS 1, it E R 4 & M rHirE. C-Chro-

coafing 3 times COOH COOH COOH
by PU-1 solution l l ‘
‘ PU film ] > ‘ PU film
(FU) {CP)
in EDC- rotating
distil water/ethanol | at room temperature for 1 h
v
BSA
M EDC  EDC  EDC
\ | \
| PU film | in BSA solution PU film
<
(CPU-B5A) rotatinig
at room temperature for 2 h
in EDC- i
gg}%%liiﬁ.?sr 3 ingf temperature for 2 h
EDC SrHir
EDC EDC B3A i BLrHir B Hir “IaHir __BSA
MES-buffer
at pH=4.75
| PU filn | > | PU filn |

for 24 h

standing at 4C for 1 h,
shocking at room temperature

(CPU-BSA-I-Hir)

Fig. 1 Schematic illustration of immobilization of rHir to specimens surface
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e Hir ] & FM 2 B b, 4, CPU-BSA F A
M EDC, WA, RARMANEER (CPU-
BSA-+%T-rHir) 7R AR [F] 25 B4 F00) 2.
1.2.4 $FUEMEFEERE. BER Llun, K7
BB E H sWPU BRRE, soCHMEP T,
HE 3R RENEMNBREL, B BSA, MR
rHir BB E W A5, B4 HLEIEH rHir,
#1§ CPU-BSA rHir. Chro BSA rHir FE& 14 &
A L. TEBEE CPU. Chro 3% B REE B 1E %
B, aFdAZp Rk BRI, 1/10 £#H
0. 109 mol /L # B8 H HL#E, 3 000 r/min & L
15 min, WEEEMAE. WENMNME 0. 1 ml,
a7 C MK KPTT 7 0.1 ml, 37CHF
3min, BMMA 0.1 ml 0.025 mol/L &ALE5, it
i, HINASEEZ NKEAS KPTT E. #F
A BN 0.1 ml, 37CHHS 2 min, 037 CTH
B PT R 0.2 ml, &, HEERBEIN PT {&.
WE A 0.2 ml, B0 37CTMRE TT R
0.2 ml, tHEF, BEERERH TT{E.
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IREEIE S F NGRS G E TR E
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miEm. FEEFRHKEFEEEARENIEZE
FERAE, Asrdh, BRERERIIKEEE LD
WF, FAEBEN SR, BRESEI I fs iR
P FF B R A JRE R LA O R e R R A0 B R L
PULHEBATLHERBE —F (AN TFHE
1299, “HREFR_RERE, “RYEREL
Tmol: 2.5 mol: 1.5 mol fl#&, ERERESEY
HF2.1%. HFE1IAEER, PU, ChroBEHFERM
WBREMEIEE D, W CPU, C-Chro BEREEBRE
MIE7BE PU, Chro B H] 97. 9 /550 53. 3 1&.
BT PU 5 PUL MBI MR, &ML, B
AR TURIMAENE, FTEL CPU BREMSURER K
T C-Chro, ATERMEBREREFEMN 1. 24 5,

Table 1 Carboxylic acid group content on carboxylated polyurethane surfaces

Specimens PU CPU Chro C-Chro
Th t of carboxyl
; = FOMIE OF cerhoxy 0. 0385+0. 0020 3.77+0.15 0. 0568+0. 0018 3.03+0. 22
acid on surface/ {mmol+m 2)
n=3.
2.2 EEFEEFREBSA MERE C_A 1639 o1

AXFKHABFE, EDC &5 CPU & C-Chro
RENBRERN, 5 BSA 0 TEK, MEXRE
R BSA MEME, B KTE T RS KA R
AKUE IR R R M. e R TR =R P KA
AT, RIE BSA REAZHE, RN IRXE
360°Feah, R R RS

FIFH FT-ATR-IR & E 2 A] DA sE 80 E
FRHEEMEEEN. ®E 29, BN BSA %
BEMN13.7 g/m® BIFEH C-Chro— coat-BSA F13%
B, £ 1647 em AL HIN BSA HIftiE [ =0 #r
BiRENIE (3RO A #% C-Chro H B, 7F
1647 em ' AbF BB HIL. C &AFMER C
Chro-BSA B, 1639 em "4 R HIRITH BSA
BOEERE T bR EN, B THESREN, Bl T WEnE
FHER ZRB-AZLMEHE 71647 cm ' 1A
e, ZWC— ASBIRE T1639 em AL 551,

1800 1700 1600 1500

Wavenumbers/cm *

Fig.2 The FI-ATR-IR specira of specimens (-Chro, CG-Chro—
ccat- BSA and C-Chro-BSA at 1 500~1 800 em ' and their
substration
A CChro; B: C-Chro  coat-BSA; C. C-Chro-BSA,
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AT B—A §) BSA EXEH, FihRwEmR Ltk
K CChroBSA ) BSA M &, H&HENK
BSA R EHRREMNE, MEERNE 2. CPU-
BSA f1 C-Chro-BSA K1 BSA E &9 5 E PU-
BSA A Chro-BSA #71 10. 7 51 4.5 %, XE@BT

KERETE CPU-BSA F C-Chro BSA F 17 1T 1
8, BIMAS EDC REMAEM S, CPU-BSA
) BSA R E R C-Chro-BSA () 1. 63 15, RER
A RBMMBRELLEEREE.

Table 2 The amount of BSA covalently linked to surface of specimens by substraction of FT-AIR-IR specira

Specimen PU-BSA CPU-BSA Chro-BSA C-Chro-BSA
The amount of BSA 40+38 426+ 26 58+5 262+14
covalently linked to surface / (mg+m %3 (n=23 (n=3) (n=2) (n=133

2.3 EIERME -Hir NEKE

ERAKIEER 65 MEEBRBREARMNIE, C
mAEEENEEAMAIIA®R, et 27, 36,
47 AR EE ™M, Hir s L& 4 —NH2 A
—COOH FERS DEC MIBERMA. BSA 5
rHir RN ERRABEZE, il A RE L BSA
5 EDC R, B rHir # L, WP H4E MES #

BB HAT, NE—F, REACRN, Bk
FWRIRG, FEREZMEHETHAT, DESX
THir EHRMGE. MESHLES TR, CPU-
BSA-ST-rHir £ & ) «Hir BB B E 5 CPU-BSA
¥ LrHir #) 3.6 f5, MW, 78 BSA 22 L{EEk
RN R .

Table 3 The amount of rHir immobilized to surface of specimens by isotopes tagging

CPU-BSA-1% -rHir C-Chro-BSA-1% -rHir

Specimens CPU-BSA+1% T-rHir*
The amount of rHir 166+15.7
immobilized to surfaces (‘ug s E) (n="5)
The theoretical activity of rHir
0.57+40.04

immobilized to surface/ (ATU « em 2)

716, 7+175. 0 661.1+178. 4
(n=1%) (n=5)
1.93+0.47 1. 87+0. 48

* CPU-BSA+ 15 -rHir was the controlled specimen after immersion in 12 FrHir-buffer solution in the same condition without using

EDC.

CPU-BSA-'# I+Hir # 1 A1 C-Chro-BSA-
WrHir B HHEL, RIE B Hir BB 2 T )5
&, FNRIA BSA BB L —E%N. % rHir
A EEETE, BN EE R R rHir B MR 7R
1.8~1.9 ATU/cm® 5.

2.4 PUEEILEFEOTEIE AN

rHir I 2037 Re0, H C o 10 BRI EA
st tE, 12 IR sEERE R, HMikEn
Tyr®, Thr*, Glo¥ FHIFFTEMEALI 12 KEHE
HHEEZENFW, A3, rHir ZEEHASN
TRE, XAXEH KPTT, PT. TT K% 7
BB rHir BIPUB MBS E. MR 5% Py e
fik 252 B vHir AIEFT, 75 00 B8 35 15 52 39050,
KPTT, PT. TT{EH#H< AFREEHME N, B

rHir EMZ, Hir % RF#A, KPTT, PT,
TT =K.

HF4 PTLVER, HEHKPTT, PT. TT{E
BL XRFAZRESGOLKEN. BIRKLEE
Wl TEELE PU A Chro 8 KPTT. PT. TT
{HELT T3, LR LREEMA PUSE
B 43t 0 89 Chro #8F B 1F f7 $0 /8% i &5 47 3F 1.
CPUBSA rHir #1 CChroBSA rHir ] KPTT,
PT. TT{E#LLEMEEKT PU F Chro 7 EAMEN.
CPU-BSA-rHir ) KPTT, PT. TT {EMMEF C-
Chro-BSA-rHir, = KARIEFREBEKA rHir 288
ZTREERNSGY. FRFRY, AERMERN Hir
AR FEErE, RAMKRE &K (Hir 5, HPUEN
BRIV T BR AR BN e
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Table 4 The summary of KPTT, PT, TT evaluation test of specimens

Specimens Glass PU CPU-BSA-rHir Chro (C-Chro BSA-rHir
KPTT/s 35.5+40.6 42.6+0. 2 59.4+3.6 45.3+1.0 56.71+0.4
(n=3) (n=3) (n=3) (n=3) (n=3)
PT/s 12.7+40. 8 17.6+40.6 28.4+0.7 16.7+0. 9 25.7+1.3
(n=5) (n=5) (n=5) (n=5) (n=5)
TT/s 10.4+0.6 17.4+0.7 29.4+1.4 16.8+0.6 28.0+1.7
(n=5) (n="5) (n=5) (n="5) (n=5)
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Immobilization of Recombinant Hirudin to Polyurethane Surfaces
and Evaluation of Their Antithrombin Activity”*

PAN Shi-Rong™ , WANG Qin-Mei, LIU Huang, RUAN Hui-Min
(The Frist Af filliate Hospital , Zhongshan University , Guangzhou 510080, China)

Abstact TImmaobilization of rHir to polyurethane surlaces was studied. A PU1 solution with carboxyl acid
in hard segment was cast on PU or Chro surlaces and the carboxyl acid content on the surlaces was
measured by methylene blue adhesion. BSA was covalently linked on carboxylated surlaces by EDC and the
BSA content on the surfaces was measured by substration of FT-ATR-1R spectra. rHir was immaobilized to
BSA lay on polymers by EDC and the r-Hir content on surfaces was measured by isotopes tagging. The
results showed that the carboxyl acid content on CPU and C-Chro surlaces was 3. 77 and 3. 03 mmol/m?
respectively, the BSA content on CPU-BSA and C-Chro-BSA surlaces was 426 and 262 mg/m®
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respectively, the rHir content on CPU-BSA-rHir and C-Chro-BSA-rHir surfaces was 716.7 and
691. 1 ug/m* respectively. Thrombin activity inhibition test indicated that the KPTT. PT. TT times of
rHir-immohilized specimens were prolonged as compared with controlled, the antithrombin activity on

rHir-immaobilized PU and Chro surlaces was increased obviously and their antithrombogenicity was

improved ellectively.
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HSP60 HIEB THREEN, FETHENEREEZSEE
Y, 2ERRSERTFHRFILHZ — APLEZ 30
W, EEARESH, LRETHEADEREEZANR
%, MATREELE A, HSP50 £ 78 5 5 i m sk i
ERERL, HSP6o LM EmiEsIF A E EEN 6.

FRANT ERABEAHAARAERFEYE LT E
PR —REBRNE HSPREBMELERTENRERS
B )LERPIAE. SEE., BERN=ERENTE
I 7= A A i i e e HSP60, FSE HSP60 FLiT R 7 &
DEFE—HARELEENE —TRRENEFEERTS
S — ik RE, SHAEEAEN, XehEEA
WINTAENANEETHAMICH | /Il 7+ T, MFEXD
MHC-ZREE & T-4 iR,

FHHE HSPso 3 FH 4 T W5 7 iR aens 3t i 1 IR
EHTH MM, HSP6O [gA PifE (HSP6O [gh)
WA EE S NET T ORMMEY, 2EEREERN D
42 fE BRI RT,

FORE BRI NF-kappal B #05% BB 95 MAR & b 20 Bk
WREERE(L, RIEFEERIME G 60 (cHSP60) BESSIIE AHY
R kA B (RECY FRAEM A F NF—kappag,
IR cHSP60 BESF R m MR RN AR IERE. Fit,
cHSP50 A1 %7 B 1E 20 Bk #5424 L,

HSP60 5 HSP70 {EF 25l EF ATPase &%, *t
ATP BEREENH. 5 HSPro M, HSPso HERHRE
HofiE2mERE R RBME, BERTEA R E
BIRT HSP70, M4k, KEFEN GroEL s & H N4
WEHR, BECIHhBEFRERE, BiEmRH
% FPEE 4 T TR BN 2,

il & PR EEE £ HSP60 AEH B R A INEs 35, NEER

HME R, BAE R ZIRE HSP6o HIfEh, KEHNHE
b AR ET E OB EE RN EER R, EEF
BLATHERERE, WHEEH HSP6o W] AT & k12 M
&L

RMEAER THRE “NSf2" G5, HEEH.
ANFEHEREELIERWIRERNRWE. |Sh&HFT, X
Fe/SERZE MM 59 HSPso & 28 — 1A E
FKH, SEET, BEER [SP60 BH T Fe/S B
Fe BT,

FEFRCRERY T, SIEES (CaVD MR TIEE
CaMB L% 5 CaMA &5 &, 7L 4 i S H AU & I 2 F
HSPeo & &. CaVB M HSPs0 1Y 4 & 1 BE % THSP1o.
Mgt ., ATP 5, (BEETHE LR, X
B HsPso BEAFMHEEOMREE &S, R4 AaZhiE
fa%g.

EFARFET HSPs0 LAGR I IRFRTF7E T 20 JRU A1 26k 4
ERE, WiEE& T, HSP60 7EFE BT HSP70 fEH T iRk
EME PR RSN EERT, LSS aaiEE RN
TE .

VI ER BRI HE A NS, ERESFTHRESFMH
HSP60 5 bax R E & AHEE&4R, ZEHE,
HSP60 3535 2 M B2, bax BEA Bk, Mkhifa i
HSPs0 & B IS ANE, bax M3 ZAMET, &
thE H HSP6O H bax 3 H M T R A&,

HSPOfEA M EHH BEEF K, CRATHATH
. LB B x O &0 HSPs0 TAR AR SE v eE, &2 T
HSPs0 5L E HAMATIEE, U ARITFERERN 5X
s ETRERTIE, A TH A





