Bioreactor in FOCE? Rapid reduction of CO2 in seawater using carbonic anhydrase
Introduction

Carbonic anhydrase (CA) is a zinc-containing enzyme which acts as a catalyst for the hydration of CO2. Since its discovery in 1933, CA has been studied extensively. Various isoforms have been discovered in both animal and plant sources with various levels of activity. The CA II is the most active isoform and has a maximum hydration rate of 1.6E6 mol [CO2]/mol [CA] sec for the human erythrocytes and is around 33% lower for the bovine erythrocytes (Cowan, 2003).
Pricing Information (from Sigma Aldrich):

CA II (bovine): $  255 for 25 mg

CA II (human): $2575 for 25 mg
Effect of temperature on reaction rate (CA II, buffered, in solution)
In a study of human CA II in a buffered solution, the kinetics for both the uncatalyzed and catalyzed hydration of CO2 was measured between 0-37 oC (Sanyal, 1981). In the uncatalysted reaction (at a pH of 7.2), the overall hydration rate constant (kuc) varied from around 0.002-0.122 s-1 showing a significant dependence on temperature. However, in the catalyzed reaction (at a pH of 7.5), the catalyzed hydration rate constant (kc) showed much less temperature dependence (0.2E6-1.2E6 s-1).
On an absolute basis, addition of CA II showed an increased rate constant for CO2 hydration of greater than 6 orders of magnitude.
Effect of pH on reaction rate (CA II, buffered solution)

CA follows Michaelis-Menten kinetics (commonly observed in enzyme-catalyzed reactions). In a study of human CA II in a buffered solution (in agreement with previous work on bovine CA II), the kinetics were not significantly affected over our pH range of interest (7.0-8.5) (Khalifah, 1971).
Effect of ions on reaction rate (Bovine CA II, buffered, in solution)

For CA to work with FOCE, the enzyme activity must not be significantly inhibited by ions present. As shown in Figure 1, Bond et al (2001) has shown that artificial seawater does not have a significant inhibitory effect.
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Figure 1. pH change over time with the addition of CO2-saturated water for DI water (1: control, 2: with CA II) and artificial seawater (3: control, 4: with CA II) (Bond, 2001).
Immobilization of CA on an inert substrate

Because of the ability to rapidly hydrate CO2, bioreactors incorporating immobilized CA on an inert substrate have gained attention (Bhattacharya, 2003; Blais, 2003). Bhattacharya et al. (2003) studied both bovine and human CA II immobilized on various substrates and under different operating conditions. Substrates included 30-45 mesh particles of iron (with various treatments including glass coating/CNBr-mediated coupling or silanization) and co-polymerization of CA in methacrylic acid polymer beads. Follow-up work on a bioreactor to separate CO2 incorporated CA immobilized on a steel matrix coupled with silica (Bhattacharya, 2004). However, pore sizes are small (on the order of mm) and would be likely not practical for ocean application. It will be important to consider how the small pore sizes will affect detritus flow.
A 2003 US patent (6,524,843 B1) for a CO2 capture system including a CA bioreactor discusses covalent bonding of CA to polymer or ceramic rings using a silicon or silicon + nylon bonding agent. However, this is briefly mentioned and no references are given. 
Techniques for immobilizing CA are described in the literature (such as on polymer beads or on a thin glass coating as given in Bhattacharya, 2003) allowing for a possible study to be conducted here on the bench scale.

Summary
Bovine CA II would provide the most active enzyme for CO2 hydration with significant savings over human CA II. CA II offers significant increases rate increases (over 5 orders of magnitude) even at relevant temperatures (4 deg C), in seawater, and across relevant pH values (7-8.5). 
Immobilization of CA through covalent bonding to a substrate has been shown possible. Because of the small pore sizes, many techniques used in the literature might not work for the FOCE application. The possibility of relatively large polymer or ceramic rings in a packed bed appears to offer advantageous over other immobilization methods (if CO2 hydration rate can be maximized while reducing the restrictions on detritus flow). Because any rate enhancement would be beneficial, other designs such as channels with CA immobilized on the walls could serve to decrease the delay required for CO2 hydration while not restricting flow of solids.
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