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Immobilization of Enzymes on Microelectrodes 
Using Chemical Crosslinking 

Milena Koudelka-Hep, Nice F. de Rooij, and David J. Strike 

1. Introduction 
Chemical crosslinking is perhaps the most commonly used method for immo- 

bilizing enzymes onto microelectrodes. It is rapid, simple to perform, and has 
wide applicability. It may be ideal for situations in which surfaces of a few hun- 
dred micrometers are to be modified. In principle, the procedure is simple: A 
drop of solution containing the enzyme to be immobilized, a bifunctional reagent, 
and frequently a lysine-rich auxiliary protein, such as bovine serum albumin 
(BSA), is placed over the microelectrode; the bifunctional reagent crosslmks the 
protein molecules together, finally leading to the formation of an insoluble gel, 
There are a number of blfunctional reagents that can be used, of which glutaral- 
dehyde appears to be the most satisfactory (1). Although the procedure appears 
simple, the situation 1s in reality far more complex, stemming from the involved 
chemistry of glutaraldehyde (2,3), and care must be taken to ensure that repro- 
ducible results are obtained. In this chapter, we shall illustrate this technique 
with the immobilization of glucose oxidase in a gel of glucose oxidase and BSA. 

2. Materials 
1. 

2. 
3. 

4. 

Glucose oxidase (GOx) type VII from Aspergzllus lzzger (250 U/mg, Sigma, St. 
Louis, MO). 
BSA (fraction V, Calbiochem, La Jolla, CA). 
Glutaraldehyde: 25% solution in water, diluted to 2.5%, stored at 4°C (see 
Notes 1,4). 
Phosphate-buffered saline (PBS): 5.3 tipotassium phosphate, pH 7.2, contam- 
mg 2.5 mM potassium chloride and 0.15M sodium chloride (see Note 2). 
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3. Method 
1, Carefully dissolve 50 mg of GOx in 1 mL of PBS (see Note 3) 
2 Carefully dissolve 80 mg of BSA m 1 mL of PBS (see Note 5) 
3. Mix 50 PL of the GOx solution with 250 pL of the BSA solution and carefully 

add, with stlrrmg, 100 PL of 2.5% glutaraldehyde (see Note 6) 
4. Deposit 10 pL of this solution on the transducer surface (1 mm*) using a micropl- 

pet (see Note 7) 
5. Leave for 3 h at room temperature for the gel to form. 
6 After gently rinsing with PBS, the Immobilized enzyme electrode 1s ready 

for use. 
7. Store in 10 &phosphate buffer, pH 7.2, at 4°C. 

4. Notes 

1 

2. 

3 
4 

5 

6. 

7. 

Contrary to some mdlcatlons m the hterature, the diluted 2.5% stock glutaralde- 
hyde solution can be used over a 4 mo period when stored at 4°C Although high 
purity grades of glutaraldehyde can be obtamed, m our experience, less pure and 
older stock solutions can give better results. 
Attention should be paid to the nature of the buffer since some, notably Tns, 
contam amme groups that react with glutaraldehyde, preventing satisfactory gel 
formation 
Protein solutions have to be freshly prepared prior to use 
It IS well known that the use of glutaraldehyde 1s prone to serious reproduclblllty 
problems. This is partly because of large differences m the compositions of com- 
merclal aqueous glutaraldehyde that consist of a mixture of ohgomerlc and even 
polymeric material Moreover, glutaraldehyde tends to polymerize at room tem- 
perature, thus changing Its composltion with time The simphclty of the proce- 
dure, however, explains the wide use of the glutaraldehyde, notwlthstandmg the 
practical problems, and the lack of a complete understanding of the mechanism. 
Although it 1s not strictly necessary for crosslinkmg, BSA serves several lmpor- 
tant functions since it can increase the total protein concentration, allowing gel 
formation from solutions that would otherwise give only soluble oligomers, and 
it reduces the excess crosslmkmg that can occur when only the active enzyme 1s 
present. When BSA is used at concentrations of 50 mg/mL or higher, gel forma- 
tlon 1s rapld at any pH between 5.0 and 7.0 
The stirring during mixing should be gentle enough to avold the formation of a 
protein foam and denaturatlon of the proteins 
A 10 pL drop of the protein solution results in a gel membrane approx 30 pm 
thick 
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