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Summary

Urease (urea aminohydrolase, EC 3.5.1.5) has been immobilized on o-alkyl-
ated nylon tubes in an enzymatically active form. The measured activity of the
enzyme coil has been shown to be dependent on the flow rate of substrate
through it. The apparent K,, decreased and V increased as flow rates were
increased. It is suggested that diffusional control is responsible for these obser-
vations. Their implications in flow-through immobilized enzyme analyses are
discussed.

Introduction

Interest in immobilized enzyme systems has been due both to the theoretical
implications they suggest as biological models and to the practical applications
they offer as less costly and more stable alternatives to soluble enzyme systems
[1—3]. In particular, the utilization of immobilized enzymes in clinical chem-
istry is in rapid progress and it is now feasible for the small clinical laboratory
to exploit the combined advantages of flow-through automation and the speci-
ficity of the enzyme assays [4—6]. One such system [7] involves immobilized
urease, a potentially invaluable diagnostic tool for blood urea determination.

It was observed [8] that the activity of nylon tube-bound urease was altered
by changing the flow rates of its substrates through the tube. Thus, the urease
activity appeared to be dependent on the concentration of substrate available
to the enzyme in its micro-environment rather than directly on the bulk sub-
strate concentration in the system. This effect of the micro-environment on
immobilized enzyme behaviour, and the limitations it imposes on the measure-
ments of substrate levels in a given sample, has received relatively little atten-
tion. Here, we report further investigation of this phenomenon and discuss its
implications in flow-through immobilized enzyme assays.

0005-2744/81/0000—0000/$02.50 © Elsevier/North-Holland Biomedical Press



245
Materials and Methods

Wherever possible, Analar grade reagents were used without further purifica-
tion. Jack bean urease (EC 3.5.1.5) was obtained as a freeze-dried powder from
Miles-Seravac, Maidenhead, U.K. Its specific activity was approx. 100 I1.U./mg
at pH 7.0 and 25°C.

Nylon tube, extruded from Type 6 nylon, was obtained from Portex
Limited, Hythe, Kent, U.K. For use, a }-m length of the tube, coiled round a
glass tube and clamped at one end, was filled with dimethyl sulphate, clamped
at the other end, and immersed in a boiling water bath for 3 min to allow
o-alkylation. This reaction was stopped by immersing the tube in an ice bucket
for 10 min and excess dimethyl sulphate was removed by perfusion with
methanol. Amine arms were then incorporated into the tube by filling it with
0.2 M lysine, pH 9.0, and incubating it at 25°C for 8 h. Excess lysine was
removed by perfusing the tube with 100 ml 1.0 M NaCl followed by 100 ml
distilled water. Next, the tube was activated by filling it with 1.5% (w/v)
glutaraldehyde in 0.2 M sodium borate buffer, pH 8.5, and incubating it at
25°C for 5 min. Excess glutaraldehyde was washed out with the borate buffer.
Finally, the tube was filled with a solution (2 mg/ml) of urease in 0.05 M
EDTA buffer, pH 7.0/1.0 mM mercaptoethanol, and the enzyme coupling
reaction was allowed to proceed at 4°C for 4 h. Unbound urease was washed
out with 1.0 M NaCl and distilled water sequentially. The immobilized enzyme
derivative was stored at 4°C in the dry state.

Immobilized urease activity was determined by measuring the ammonia
liberated by the enzyme-catalysed hydrolysis of urea [9]. The enzyme coil was
immersed in a thermostatically controlled water bath at 37°C. Urea, in 0.05 M
EDTA buffer, pH 7.0, was pumped through it at the required flow rate and the
effluent was assayed for ammonia.

The initial velocity of the immobilized enzyme was measured by recycling
25 ml of the substrate solution in a closed system [10] and assaying aliquots
pipetted from the mixing vessel for ammonia.

Results

It is evident, from results presented in Fig. 1A and B, that the measured
activity of tube-bound urease is influenced by the flow rate at which substrate
was pumped through the tube. Only 66% of the urease activity measured at a
flow rate of 24 ml/min could be measured at a flow rate of 4 ml/min (Fig. 1A).
Above a flow rate of 20 ml/min urease activity became independent of flow
rates under the existing experimental conditions. When the bulk substrate con-
centration in the system was increased 5-fold, a higher percentage (84%) of the
urease activity measured using a flow rate of 24 ml/min could be measured at a
flow rate of 4 ml/min (Fig. 1B). At this higher substrate concentration, enzy-
matic activity became independent of flow rates at a slower speed (<10 ml/
min). Thus, the flow rate effect was more severe when the initial bulk substrate
concentration in the system was low.

Fig. 2 is a double-reciprocal plot [11] using data from experiments in which
the initial velocity of the immobilized urease was measured at various substrate
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Fig. 1. The measured activity of nylon tube-urease at various substrate flow rates. Urease was immobilized
on a 0.5-m length of nylon tube. The assay of enzyme coil was performed in the presence of 50 mM urea
(A) and 250 mM urea (B).

Fig. 2. Doublereciprocal plots of initial velocities of nylon tube-urease at various concentrations of sub-
strate. Assays were performed at substrate flow rates of 3 mi/min (A); 6 mi/min (B); 15 ml/min (C) and
36 ml/min (D). v was expressed as umol urea hydrolysed per min and S was in mM units.

flow rates. An intercept could not be obtained on the 1/S axis, because of the
curved nature of the plots, and the K,, was therefore calculated by reading off
the substrate concentration at }V; (1/V being the intercept on the 1/v axis).
The K,, value for immobilized urease was calculated to be 20.0 mM when
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Fig. 3. Integrated Michaelis-Menten plots from data of initial velocities of nylon tube-urease at various
concentrations of substrate. Assays were performed at substrate flow rate of 30 ml/min (8————e); 20
ml/min (A——4); 15 ml/min (A———4); 10 ml/min; 6 ml/min (3———=a) and 3 ml/min (c——>0).
S, = initial urea concentration (mol) in assay mixture. S = urea concentration at time, ¢, ¢ = 1 min.

Fig. 4. Schematic illustration of diffusional control of reaction velocity of a nylon tube-supported
enzyme. N, nylon surface; X, diffusion layer; S, ‘apparent’ substrate concentration: Sy, ‘effective’ sub-
strate concentration; kg, diffusion-controlled rate; v, measured enzyme reaction velocity; P, product.



247

substrate flow rate was 3 ml/min. At a flow rate of 36 ml/min, the K, value
was reduced to 10.5 mM.

The V of the immobilized urease, the vertical intercept of plots of an
integrated form of the Michaelis-Menten equation (Fig. 3), increased as the
flow rate at which the substrate was perfused was increased. This V was 18.0
umol urea hydrolysed per min at a flow rate of 3 ml/min and was 29.0 umol at
a flow rate of 36 ml/min.

It is concluded from these observations that K,, and V values decreased and
increased, respectively, as the flow rate substrate through the immobilized
enzyme coil was increased.

Discussion

The situation inside a nylon tube-supported urease coil during assay may be
illustrated as shown in Fig. 4. In such a system, v, the measured rate of urease
activity is dependent on S, which, in turn, is dependent on how long it takes
the substrate (S,) to diffuse across the layer, x. Thus, the measured urease
activity is critically dependent on the thickness of the diffusion layer, x.
At slow flow rates, when the agitation and turbulence inside the tube are
minimal, the diffusion layer is thicker and the diffusional effect is therefore
greater. S;, will be much less than S, under these conditions and the measured
K, will be higher than would be the case in the absence of a diffusion layer. As
the flow rate of substrate is increased, agitation and turbulence inside the tube
increase and, as the diffusion layer becomes thinner, the difference between S,
and S,, becomes smaller and K, decreases towards its true value. The curvature
of the plots obtained (Figs. 2 and 3) may itself be indicative of the extent of
diffusion control, this curvature increasing at the lower substrate concentration
when the conversion per glass of substrate to products is greater.

The observed increase in V at increased flow rates would suggest that nylon
tube-bound urease cannot function at its maximum velocity under the assay
conditions used in present-day flow-through autoanalyser systems, where the
gross liquid flow is usually less than 3.0 ml/min. The rate K4 (Fig. 4) cannot be
greater than the rate of enzyme catalysis (v) because, if so, no diffusional
effects should have been observed. Also, v cannot be greater than K, since it is
dependent on the availability of S,, which is limited by the rate K4. Thus, the
measured enzymic activity is only as high as the diffusion layer permits. This
becomes a significant consideration when the diffusion is a relatively slow
process with respect to substrate consumption at the enzyme surface. Since
different enzyme immobilization techniques yield derivatives with varying
enzymic activity, it is suggested that a quantitation of the extent of diffusion
control in each derivative is a pre-requisite for improving the sensitivity of
nylon tube-supported enzymes.
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