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Long Range Coherence and the Action 
of Enzymes 
SoME time ago it was proposed that the energy produced in 
biological activities is partly stored in various materials 
through excitation of coherent electrical vibrations 
(polarization waves). If strong enough, such excitations 
can be stabilized through non-linear effects leading to 
various typos of deformations1 •2 • R. Ferreira (personal 
communication) has suggested that such considerations 
might be of importance for an understanding of the action 
of enzymes. In fact the properties of a model which I have 
considered recently (unpublished) seems to support this 
idea. 

The model consists of a system of interacting vibrating 
electric dipoles suspended in a neutral fluid with whose 
compressional modes they interact in a non-linear way. 
This system contains the case treated in appendix I of 
ref. 1. The electric polarization field P of the dipoles will 
be (but need not be) restricted to one direction. For weak 
excitation, this system behaves in tho usual way, that is, 
it exhibits polarization waves whose frequency is very 
insensitive to tho wavelength, and whose energy U is 
proportional to P 2, the mean value of P 2 • For larger 
excitations, however, the system shows remarkable 
properties, the most important being the establishment 
of a metastable state characterized by a non-vanishing 
mean value P+ of P, that is, by a permanent mean dis
placement as it is found in ferroelectric materials. In the 
present case, however, this state is metastable; it has a 
higher energy than the undisplaced ground state though it 
is stable against small displacements. This metastable 
state is best reached through excitation of coherent 
modes which have very different characteristics from 
non-coherent ones. As a consequence of non-linear proper
ties of the model, excitation of a certain amount of in
coherent vibrations in the metastable state will lead as an 
immediate mechanical consequence to excitation of a co
herent mode--quite apart from the further arguments for 
such excitation given in ref. 2. 

Assume now that the model may be applicable to en
zyme molecules which would possess metastable excited 
states in which polar groups are stretched so that t.ho 
molecule may have a very large dipole moment resembling 
a ferroelectric case, and in which excitations above this 
state are partly transformed into coherent vibrational 
modes. An enzyme molecule so excited will have strong 
long range interaction with other molecules. This inter
action will tend to lift other enzyme molecules into the 
metastable state, the required energy to be provided from 
the coherently excited modes. Tho interaction will also 
lead to attraction of other types of molecules (substrates) 
to tho excited en~yme molecule, especially when they 
possess a proper frequency close to that of the coherent 
modes. It is therefore likely that the total energy of tho 
complex of stretched enzyme and substrate is lower th>m 
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it would be otherwise and this may facilitate the relevant 
chemical processes in tho substrates. 

Some of tho properties of our model resemble Koshland's 
hypothesis of conformational changes• but they go much 
further because they imply a stretching of dipoles through
out the largo enzyme molecule rather than a deformation 
near the active site. A principal consequence is the 
occurrence of the new long range forces which arc likely 
to dominate the dynamic behaviour. 

We thus arrive at the following dynamic picture. 
Assume the first substrate-enzyme complexes to be 
formed by fluctuations. The energy liberated by the rele
vant chemical transformations leaves the enzvme molecules 
coherently excited near their metastable st~te; return to 
the ground state would take a relatively long time. 
Through the long range forces so established they will (a) 
assist other enzyme molecules to transfer to the meta
stable state and (b) attract further substrates. The energy 
liberated by the chemical processes so acts as a pumping 
device. At this first stage the number of activated enzyme 
molecules-and therefore chemical processes-will con
sequently increase at an accelerating rate, much as in a 
chain reaction. This will continue until most enzyme 
molecules arc in the metastable state after which the 
process will continue in a normal way. 

These proposals could be tested in three ways. First, 
by investigation of the build-up of the reaction rate (first 
stage; chain-like process) as a function of the enzyme 
density. Second, by direct observation of the excited 
coherent modes. These modes are optically inactive. 
Use of Raman effect would, therefore, be appropriate. 
Through surface effects weak coherent radiation might, 
however, be observable. Third, by the detection of 
increase in the static dielectric constant as a result of the 
expected large increase in the dipole moment of the en
zyme molecules when they are transferred to the metastable 
state. 
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GM1-gangliosidosis Types I and 2: 
Enzymatic Differences in Cultured 
Fibroblasts 
GM,-GANGLrosrnosrs occurs in two clinical forms1 •2 • 

Type l resembles Hurler's syndrome somatically, but 
its psychomotor aspect is apparent from birth and 
progresses rapidly to cause death by 2 years of age. 
Type 2 presents no Hurler signs and its psychomotor 
course, though similar to that in typo l, is neither eon
genital nor is rapidly progressive; death occurs about 
5 years of age. In addition to the accumulation of 
GM 1-ganglioside in neural, and to a lesser extent in 
extraneural, tissues both types share a profound, gener
alized deficiency oflysosomal ~-galactosidase, with storage 
and excretion of modified keratin sulphates. Although 
the clinical and biochemical definition of the type 2 
form is very recent•, failure to observe both clinical 
types within single sibships is sufficient to suggast that 
each is caused by a different mutant gene. To test t.his 
hypothesis we have examined the gangliosides, glycos
aminoglycans and residual ~-galactosidase activities in 
fibroblast cell strains derived from skin in the deltoid 
area of patients with each typo of GM 1-gangliosidosis. 
This communication deals only with the last focus of 
interest. 
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