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Immobilization and characterization of carbonic anhydrase on
the surface of hollow fiber membrane of polymethyl pentene
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Abstract: We immobilized carbonic anhydrase (CA) onto the surface of membrane oxygenator of polymethyl pentene (PMP) to
enhance the removal of carbon dioxide in blood by two steps. We first introduced hydroxyl groups onto PMP surface by water plasma
treatment, and then coupled CA onto PMP surface by using cyanate bromide (CNBr) as a crosslinker. After plasma treatment, the
contact angle with water and chemical composition of PMP surface were characterized by analysis system of surface contact angle
and XPS. Using p-nitrophenyl acetate (p-NPA) as a substrate, the activity, concentration, storage stability and re-usability of
immobilized CA on PMP hollow fibers were studied by ultraviolet spectrophotometer. The preliminary data showed that hydroxyl
groups could be introduced on the surface of PMP by water plasma treatment, and CA with catalysis activity could be successfully
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introduced onto PMP surface in high immobilization efficiency. The activity of covalently immobilized CA increased with the
increase of concentration of CNBr, and the maximum was 73% of the theoretical activity of CA spread on PMP surface in monolayer
in studied range. Covalently immobilized CA showed higher reusability compared to physically adsorbed CA, and higher storage
stability compared to free CA in solution at 37°C. The method would be used potentially in the membrane oxygenator to improve the
capacity of removal of carbon dioxide in blood in the future.
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Table 1 Atomic percentage (composition) on different PMP surfaces determined by XPS

Sample C (%) O (%) N (%) Si (%)

PMP 97.1 2.9 n/d n/d

PMP modified with water plasma treatment 68.0 29.3 n/d 2.7

PMP modified with physically adsorbed CA” 70.3 27.1 0.6 2.0

PMP modified with covalently immobilized CA 72.8 17.5 8.2 0.9 Traces of P and Na

": this sample is treated by the same procedure for PMP modified with covalently immobilized CA except CNBr activation. Conditions for
XPS: a monochromatized Al Ko X-ray, pass energy: 150 eV, take-off angle: ~55°, Pressure in the analytical chamber: <6.7x107" Pa.

%2 ATFEPMPXRMEXPSClsitigAEREE

Table 2 C1s peaks and their concentrations of XPS on different PMP surfaces

C-H C-0 COO 0COO
Sample
% B.E."/eV % B.E./eV % B.E./eV % B.E./eV
PMP 94.0 285.0 6.0 286.5 / / / /
PMP modified with water plasma treatment 55.3 285.0 31.2 286.9 10.4 288.9 3.1 290.4
PMP modified with covalently immobilized CA 71.6 285.0 17.7 286.5° 10.6 288.3 / /

Conditions for high resolution C1s (HRC) scans was the same as Table 1 except that the pass energy was 50eV. *: B.E. meaens Binding Energy.
®: The strong peak at ~286.5¢V is a mix of C-O/C-N peak, which is typical of peptides/proteins.
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