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Table S1. Governing Equations and Boundary Conditions
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%F is the Faraday constant, and A is the electrode area.
bCi,s is the concentration in the sample solution external to the sensor. An alternate boundary
condition was used to simulate sensor response to pulsed Glut transients (see text).



Table S2. Parameters, parameter definitions, and parameter values.

& Enzyme layer 0.5
porosity
Nafion layer 0.3
éN porosity
Permselective 0.5
EppyY polymer film
porosity
Multiplier to give 0.052
o Nafion Des
Electrode surface
A area 4800 pm?
Sample solution
Cis concentration See text
Dgiut Molecular 7.6 x 10° cm%s
Do diffusivities in 1.92 x 10° cm¥s
D202 water 1.43 x 10™ cm?/s
Ko, GlutOx intrinsic 1.5mM
K. Kinetic parameters | 1.3013 mM
m,glut 1
kcat 400.16 s
Mg2 Mass transfer 0.0200 cm/s
MH202 coefficients 0.0164 cml/s
Mglut 0. 0108 cm/s
Kgiut Partition 0.001
Kh202 coefficients in 1
Koz Nafion layer 1
koN Kinetic parameters | 1.01 mmol/m%/s
kl for H,0, 0.357 m3/m0|
Kq electrooxidation 0.149 m®mol
Variables. It is important to note that the dependent variables, C;, represent the

concentrations of Glut, O, and H,O, in the pore spaces in the sensor layers,' thus a parameter
representing the enzyme layer void volume fraction, &, appears in the accumulation term of the
material balance equation for dimensional consistency. The void volume fraction in the
permselective layer, &y, is similarly included. The independent variables obviously are time, t,



and the distance from the electrode surface, x, where the electrode surface is set at x = 0 (Fig. 10,
text).

Partition coefficients. The partition coefficient between the electronegative
permselective film (Nafion) and the enzyme layer was assumed to be 1 for the charge neutral O,
and H,0, species and 10 for negatively charged Glut, thereby essentially excluding Glut from
the permselective layer.

GlutOx concentration in the enzyme layer. The concentration of GlutOx in the
enzyme layer ([enz], mmol/cm®), which is considered to be a porous, hydrated mix of
crosslinked GlutOx and BSA, was calculated using an enzyme density of 1.41 g/mL? and an
enzyme molecular weight of 70,000 g/mol,® according to the following expression, 1410 x fglutox
x (1 - &)/70,000, where fquwox is the fraction of protein (i.e., GlutOx and BSA) in the enzyme
layer that is GlutOx and & is the porosity.

GlutOx Kinetics. The GlutOx enzyme Kinetics were modeled according to the common
ping-pong reaction mechanism of oxidase enzymes (Table S1),* although the reaction
mechanism for GlutOx has not been established. Apparent values for k¢, and for the glutamate
K of 53.2 s and 173 pM, respectively, have been reported for the recombinant GlutOx from
Streptomyces sp. X-119-6 that commonly is used in biosensors.> However, these apparent
parameters generally are determined at a roughly constant O, concentration corresponding to
near saturation from air at ~230 uM,6 which is well below the actual, intrinsic Ky o2 for most
oxidases. Thus according to the ping-pong mechanism, the apparent ke and glutamate K,
should be multiplied by (1 + Kn02/Co2) to give an estimate for the intrinsic Kear and K giut.
Unfortunately, the Kn o2 for this GlutOx has not been measured. A Kpoz of 1.5 mM was
estimated based on the range of known values for L-amino acid oxidases, 1.2 to 1.86 mM. "®
These kinetic parameters, applicable to dilute enzyme solutions, were used under the assumption
mentioned in the text that the immobilized enzyme exhibits the same kinetics as in dilute
solutions.
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