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An overhead stirrer was constructed to maintain a homogeneous suspension, in a spectrophotometer cuvette~ of 
microgranular celluloses used for enzyme immobilisation. The presence of limited amounts of the celluloses was 
shown to have no effect on the spectra of solutes. 

Matrix-bound enzymes have been receiving 
much attention during the past decade (for a re- 
view, see (7)). Spectrophotometric determina- 
tion of the activity of matrix-bound enzymes ge- 
nerally requires a modification of the corre- 
sponding free enzyme assay. In homogeneous 
catalysis, the rate of only a very few enzyme 
reactions is diffusion controlled; in heteroge- 

neous catalysis, however, the situation is diffe- 

rent and the activity can only be estimated' 
when some method has been found which mini- 
mises the diffusion layer around the surface of 
the matrix. HORNBu et al. (4) achieved this by 
continuous stirring of the immobilised enzyme 
suspension and the spectrophotometric mea- 
surements were performed on small aliquots of 
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the filtered solution. LILLY et al. (5) passed 
substrate over a column of the immobilised en- 
zyme and measured the activity in the eluant 
spectrophotometrically. 
The direct assay of immobilised enzymes by 
continuous spectrophotometry has generally 
been avoided because it was feared that the su- 
spension of matrix particles would distort the 
absorbancy measurements of the enzyme acti- 
vity. However, MORT et ai. (6), PREUVENEERS et 

al. (8) and WELIKY et al. (9) have carried out im- 
mobilised enzyme assays by direct spectropho- 
tometric measurement of the stirred enzyme 
suspension in the cuvette. In all of these re- 
ports, a small magnet was used in the cuvette to 
maintain a homogeneous distribution of the im- 

mobilised enzyme. 
An alternative method of maintaining this ho- 
mogeneous distribution is to stir the cuvette 
suspension by a small overhead paddle. 
HERLITHY and MURPHY (3) have used a micro- 
stirrer to follow the super-precipitation of acto- 
myosin. The presen t report describes the design 
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Figure 1. 
A. Diagram showing the relative positions of the stir- 

rer motor, lightpath and cuvette. A, Stirrer motor; 
B, baseplate; C, spectrophotometer lightpath; D, 
10 mm cuvette; E, teflon paddle; F, positioning 
stops for the baseplate. 

of a similar overhead cuvette stirrer which has 
been used to study the stability and kinetic pro- 
perties of three dehydrogenases covalently 
attached to microgranular aminoethylcellulose 
(2). 
The detail of the cuvette assembly is shown in 
Figs. lA and lB. The stirrer, obtainable from 
Meccano or Fleischmann, was a 6-volt d.c. 
electric motor with an output axle speed of 
300rev./min. This output speed was found to be 
most efficient for maintaining a homogeneous 
distribution of the immobilised enzyme. No se- 
dimentation occurred and the magnetic field of 
the motor had only negligible effect on the 
electronic circuitry of the spectrophotometers 
used. 
The presence of Cellex-AE (microgranular 
aminoethylcellulose) in the cuvette naturally 
may cause higher apparent absorbancy read- 
ings owing to the light scattering. It is therefore 
of importance to establish whether a Beer's 
law relationship is valid for a solute in the pre- 
sence of Cellex-AE. It must also be established 
whether the presence of Cellex-AE causes a dis- 
tortion in the solute spectrum. For thus purpo- 
se, the solute chosen was myogiobin which has 

both a Soret band at 408nm (1) as well as a pro- 

B. Enlarged detail of E, showing the screw nature of 
the teflon paddle which maintains the homoge- 
neous suspension of matrix in the cuvette. 
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Figure 2. Spectrum of myoglobin in the presence and 
absence of Cellex-AE. The spectrum of myoglobin 
was obtained in the presence (O-O) and absence 
(A_A) of Cellex-AE (0.74 mg/ml) in the range 
450-230 nm. The difference curve ( e - e )  is a straight 
line which reflects the absorbance owing to Cel- 
lex-AE in the same spectral range. 

tein absorption peak at 280 nm. The buffer used 

in all optical studies was 0.1M-potassium phos- 
phate, pH 7,4. 

The spectrum of myoglobin in the presence and 

absence of Cellex-AE is shown in Fig. 2. The 

straight line obtained from the difference of the 
two spectra shows that the spectrum of myoglo- 
bin is not influenced by the presence of Cel- 

lex-AE in the spectral range studied. 
The effect of varying the myoglobin concentra- 
tion in the presence of various amounts of Cel- 
lex-AE is shown in Fig. 3. As the slopes are pa- 
rallel within a 2% error, increasing the concent- 

ration of Cellex-AE has no effect on the absor- 

bance of myoglobin at 230nm, apart from the 

expected increase owing to the presence of Cel- 
lex-AE. The absorbance of Cellex-AE was 

linearly dependent on its concentration up to a 
concentration of 1.5 mg/ml in the cuvette. For 

the study of immobilised dehydrogenases, the 

maximum concentration of Cellex-AE used in 
kinetic and stability studies was 1.0mg/mi. 

The presence of Cellex-AE has similarly no ef- 

fect on the rate of reduction of NAD § by va- 

rious amounts of yeast alcohol dehydrogenase 

(Fig. 4). 

The results presented in this report show that 
the presence of Cellex-AE in a cuvette has no 
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Figure 3. Effect of various CelIex-AE concentrations 
on the absorbance of various myoglobin concentra- 
tions. 
The absorbance of six different myoglobin concentra- 
tions were measured at 230 nm in the presence of va- 
rious amounts of Cellex-AE. A, no Cellex-AE; B, 0.37 
mg/ml; C, 0.74 mg/ml; D, 1.48 mg/ml; E, 2.96 mg/ml. 
The plots, obtained from linear regression formula, 
were parallel within a 2% error. 
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Figure 4. Effect of Cellex-AE on the rate ofNAD § re- 
duction by various amounts of yeast alcohol dehydro- 
genase. Yeast alcohol dehydrogenase (YADH) was 
assayed in 3.2 ml 50 mM-sodium pyrophosphate buf- 
fer, pH 8.4, containing 0.9 mM-NAD and 700 
mM-ethanol. Assays were initiated by the addition of 
enzyme. Rates were measured at 25~ in the 
presence (O--O) and absence ( e - e )  of Cellex-AE. 
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effect on the spectrum of a solute or on the rate 
of an enzymic reaction. They also show that the 
stirrer is capable of maintaining a homogeneous 

suspension of insoluble matrix. 
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