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MECHANICAL STRENGTH OF ENZYME FILMS AS AN INDEX OF ACTIVITY 

The Young's aodule E and the logarithmic decrement ~ of 

amorphous uratoxidase films are measured for the first time. The 
dependence of these parameters on the composition of the solu­
tion is studied. The isotherms of uratoxidase fflm hydration are 
measured as functions of the composition of solution at t=25°C. 
E and ~ are measured as functions of temperature. The depencence 

of activity on temperatu~e in water and buffer is obtained. It 
is shown that in a borate buffer (pH 9.25), where the enzyme is 

most active, the films are characterized by lowest E. Variatior 
of E cannot be explained by variation in hydration. Increase in 

temperature leads to softening of films and an increase in the 

activity. 
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1. INTRODUCTION 

The biological activity of macromolecules is determined by 
their structure and dynamics. Determination of the equilibrium 
distribution of conformational states of macromolecules and of 

the temporary dependence of transitions between them are the 
main problem for understanding this bond [ 1-6]. Small-scale 
fluctuations may serve as a base for local or global conforma­
tional transitions, which in their turn may lead to a change in 
the biological activity [ 5, 7 J. The mechanical properties pro­
vide an information not only on elastic forces inside a sample, 
but also on the processes connected with molecular motion at 
relaxation of the mechanical stress in a solid sample. Investi­
gation of the mechanical properties of some polymers in a wide 

temperature and frequency range revealed a wide spectrum of re­
laxational motion off both the aain polymer chain and the side 
groups [8-10]. The low-temperature glassing effect was identi­
fied in proteins [11,12). 

The purpose of the present work is to investigate, on the 

example of studying the mechanical properties of amorphous 
uratoxidase films, the "physical state - biological activity" 
constraint for enzymes. We have chosen this enzyae, because it 
is usually used in analytic systems for uric acid concentration 
determination, and because it is investigated relatively well 

[13-15]. 

2. MATERIALS AND METHODS 

Amorphous uricase filas with specific activity 0.4 U/mg 
extracted froa young pig liver were investigated in a borate 
buffer (pH 9.1) at t=25°C. The filas were prepared as follows. 
The uricase was solved in a borate buffer (pH 8. 6 l at rooa 

teaperature, then the solution was dropped on the polished sur-
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face of the teflon support. The support was placed in an air­
tight vessel with a relative humidity of 70-75% bein~ supported 
in it with the help of salts solution. The films with stable 

mechanical properties were obtained by means of slow drying of 
the drops at t=l0°c. The films were fixed in the vapours of 25% 
glutaric aldehyde during 48 hours at room temperature. Then they 
were washed from the remnants of salts and glutaric aldehyde in 

distilled water and put into a borate buffer, where they were 
conserved at s0 c. The mechanical properties of uricase films 
prepared in this manner were stable for 3-4 months. With the aim 
of measuring the viscoelastic properties, with the help of a 
special microknife the films were cut in water or a buffer into 
rectangular plates with length 0.5+2mm, width O.l+0.2mm, and 

thickness 10+30µm [15). 
We used Morozov' s micromethod [ 15) to measure the Young's 

dynamical module E and logarithmic · decreaent I. The method is 
based on the analysis of the electrically excited transverse 
resonance vibrations of a plate supported as a cantilever. The 
method, that allows to aeasure E and I in a wide temperature 
range, is developed in [11,12). The method of measuring the 
hydration of microsamples weighing up to O.Olmg is described in 

[ 16). 
The amperometric method of enzyme activity measurement 

based on measuring the oxygen rate in the uricase reaction, is 

described in [17). 
The relative humidity {A) in the vessel was established by 

means of water solutions of salts: 97 to 32% by water solution 
of CaC1 2 of different concentrations; A=15 and 10% by saturated 
solutions of CaC1 2 and ZnCl, respectively. 

3.RESULTS AND DISCUSSION 

Fig.1 shows the Young's module E and the logarithmic decre­
ment I for amorphous uricase films soaked in water and buffer 
(pH 9.11 as functions of the relative humidity A at 25°c. As the 
films were conserved in a solution, the experiaent was carried 
out towards decreasing A, starting froa A=97%. It is seen that 
in both cases 'E varied siailarly. The difference between the 
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modules remained almost a constant in the whole interval of 
humidities. 

The Young's module of the films steeped in a buffer is smal­
ler than E of those steeped in water. As for the logarithmic 
decrement, at high humidities, for the buffer samples I is 
larger than for the water-containing ones. This difference 
vanishes when A=65+70%. At lower re la ti ve humidity the decre­
ments are actually equal. In both cases the difference in the 

modules may be due to at least two facts: either enzyme hydra­
tion is different, depending on whether it the enzyme is steeped 
in water or a buffer, or the buffer changes the mechanical pro­
perties of the enzyme. To check this, we measured the isotherms 
of hydration of enzymes steeped in water and a buffer (Fig.2). 

It is seen that there is no significant difference in the iso­
therms. The slight difference at relative humidities higher than 
15% could not lead to such a remarkable difference in E. But 
there is no difference in hydration when humidity is higher than 

75%. So, one may conclude that the difference in E is due to 
hydration. The other parameter measured, the logarithmic decre­
ment, is proportional to viscosity, i.e. shows ·what portion of 

the energy of external mechanical vibrations is expended to 
overcome viscosity, and what portion is dissipated [18). Visco­

sity is due to inter-molecular interaction, intramolecular 
changes, and water-enzyme interaction. When humidity is lower 
than 75%, where hydration (Fig.2) and 
(Fig .1) for two different sol vents are 
Young's module of the samples differ 
parameter measured - the Young's module 

logarithmic decrement 
actually the same, the 

by 0.6+0.8 GN·m- 2 . The 

of amorphous films - is 
a sum of two components, the module of the enzyme molecules, and 
elasticity of intramolecular contacts. What can this deference 

be referred to? If this difference or its any part would arise 
owing to variation of the contact elasticity, then it would 
undoubtedly arise also in the viscosity, .i.e. I. 

Most likely, the influence of pH manifests itself as a 
change in the mechanical properties of molecules. 

There is another way of changing the mechanical properties 

of enzyme aolecules - increase of teaperature. We investigated 
the dependence of E and I of UO filas on temperature. Fig. 3 
presents the results of such an experiaent. The film was first 
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kept at t=25°c and humidity A=91%. Then if was washed from buf­
fer in distilled water. As if is seen, E decreased, while v 

increased in the whole interval of increasing temperature. But 
the course of these changes is not monotonous. Ignoriry minor 
changes, which is the subject of separate investigations, the · 
curve may be conditionally divided into three intervals: from 20 
to 40°c; 40 to 68°c; 68 to so0 c. By means of minimization, these 
lengths of the curve for E, 
with different slopes. Thus, 
the buffer and teaperature 

are described by straight lines 
one can affirm, that the effect of 

oh the aechanical properties of 
enzyme filas is the saae - in both cases the Young's module 
decreases. 

To fined the constraint between enzyme activity and 
mechanical properties of films, we measured th~ enzyme activity 

as a function of temperature in water and buffer (Fig.4). It is 
seen, that activity in water is a lower then in buffer and the 
dependence on temperature is bell-shaped. The enzyme had the 
same activity in water at 40°c and in buffer at 25°c. It is seen 
from Fig. 3, that at 40°c · the mechanical properties of films 
begin to change otherwise, the value of E at this temperature in 
water is equal to that at 25°c, but in a buffer. 

Existence of such a constraint between the mechanical 
properties of enzyae films and activity allows as to conclude, 

that E can be used as a aeasure of activity. This opens new 
possibilities f~r applied tasks. 
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Fig.1. 

Fig.2. 

Fig.3. 

Figure Captions 

The Young's modulus E and logarithmic decre•ent It · for 
amorphus uricase films soaked: 
al in water 

•-•- - E; o-o- - • 
b I in buffer 

x-x- - E; a-a- - • 
as a functions of the relative hu•idity A at 25°c. 

The isotherms of hidration of uricase soaked in water 
I[] - []) and buffer lx-x) at 25 C. 

The Young's modulus E and logarithmic decre•ent It for 

amorphus uricase fil•s soaked in water as a function of 
temperature: 
•-•--E;A-A-f 

Fig.4. The enzyme activity as a function of temperature in water 
{o-o) and buffer IA-A). 
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