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Magnetic fields of the order of 600 gauss cause in 0.011 % (weight) solutions of lysozyme in v,ater an i."lcrement 
in the magnitude lxl of the diamagnetic susceptibility of the order 1.5 X 10-6 . Per moiecule this i.s 104 times higher 
than normally expected. The effect disappears above critical fields of 800 gauss suggesting a Meissner effect ----...... 

In course-of dielectric measurements on enzymes 
we found that magnetic fields of the order 600 gauss 
can lead to very large changes in _the dielectric constant 
e. In a 0.1% (volume) solution of lysozyme in water 
this amounted to about 30% at 2-100 KHz. While e 
is very sensitive to the displacement of single ions, the 
magnetic field H to be effective must be able to over
come thermal fluctuations in ion motion. The mag
netic energy available in a volume Vis of the order 
lxl H 2 V (x = magnetic susceptibility). The volume re
quired to equate this at 600 gauss to a single. kT is of · 
the order 10-13 cm3 if lxl ~ 10..:6 is assumed i.e. of 
the order of the volume of 1 o§,Jyso_zy~e molecules. 
This clearly indicates the existence o(a cooperative 
phenomenon capable of increasing Ix I in'fi magne_tic 
field. We, therefore, have measured th~ H dependence 
of the diamagnetic susceptibility X· · 

Cooperative orientation in weak magnetic fields is 
known to take place in certain liquid crystals but this 
effect does not seem relevant for our observations 
which indicate very drastic increases of Ix I at extreme
ly low enzyme concentration in conjunction with the 
existence oTacritical field strength He above which 
the effect disappears. As only alternative remains the 

-?'"' Meissner effect in ·super.conductivity. 
We shall, therefore, discuss our results on the basis 

of a model in "".hich atta~hed to each enzyme molecule 
is a small supercondui::tive reglon with linear dimen-., . 

sion(s) l smaller than1the London penetration depth 
1/{3, i.e. "A= 1(3 < 'i ~)i dispersion of such regions acts 
like a dispersion of diamagnetic molecules. In contrast, 
however, while association of a number of diamagnetic 
molecules does not alter the total magnetic moment in
duced in them by the field (apart from small effects 

arising from anisotropy) association of our supercon
ductive regions can lead to an enormous increase in 
the total moment until at ,, ~ l it approaches the val
ue for "perfect" diamagnetism. Such cluster-formation 
in a magnetic field which decreases the mean)( (i.e. in- _ 
creases lxl) of the material is thermodynamically fa
vourable. For if such clustering is described by certain 
parameters ci then the change of the relevant free en
ergy at constant His (B = (I + 4-r.x.) H) 

dF = dF0 + HdB/4rr = dF
0

_ + H 2dx 

where dF
0 
> 0 describes the change of free energy 

due to clustering in the absence of the field while dx 
is the above discussed change in susceptibility. With, 
increasing H2 we thus expect. increasing Ix I ( decreas
ing x) until either each cluster exhibits perfect diamag
netism or H exceeds the critical magnetic field He 
which destroys superconductivity. In detail both dF

0 

and dx should be very complicated expressions which 
apart from the dependence on ci should also depend , 
on concentration, on temperature and on displace
ments of ions. This latter may lead to the establish
ment of metastable states and hence of temperature 
hysteresis. 

Our measurements support this modeL Lysozyme 
from Sigma Chemical Co. (Grade 1 from egg white, 
three times crystallized, diaJyzed and lyophilized) was 
dissolved in AnalaR Water. Typical H dependence of 
xis shown in fig. ·1 for a 0.011% (weight) solution; 
fig. 2 shows its temperature cycle at 600 gauss. At 
this high dilution the increment of !xi would corre
spond to a bulk value ofx::::;; -10-2 at 600 gauss, 
about 104 tLrnes larger th211 for ordinary diamagnetic 
materiaL The increase at higher H towards perfect dia-

129 



Volume 53A, number 2 PHYSICS LETTERS 2 June 1975 

~-2-0 
'o 

~-0-5 .. 
C 

"' 0 
E 

Lysozyme solution 

at 0-0H °lo concentrot"1on. 

0 • 
• 41 C cooling 

o 4 3°C heating 

0L----'---...L..----'----'----'----------'-------
400 800 1200 •600 2000 

magnetic fie Id , Gauss 

Fig. 1. Dependence of magnetic susceptibility, x of an 0.011 % 
lysozyme solution of magnetic field H. 

' . 
magnetism appears intercepted by the intervention of 
a critical magnetic field of order 800 gauss. Supercon
ductivity at such hjgh temperature would require 
much higher He unless one is close to the transition 
temperature Tc. The complicated temperature behav
iour shown in fig._ 2 might supp_ort this for it suggests · 
three separate regions, two with Tc near .20°C and 
48°C both very close to a maximum of lxl, and a third 
above 60°C. 

Further measurements indicate non linear concen
tration dependence, with a 0.1% solution showing 
only slightly higher lxl values th~-the'Cl-.011 % solu
tion. Measurements at 23°C on humid enzyI!le powder 
show an increase in Ix! with increasing'water corilent 
up to about 50% water followed by a dedease. Maxi
mum Ix I values are of order 1_ 0 X 1 o-6, but fig. 2 sug
gests that higher values might be found at other tem
peratures. Experimerits on a single crystal indicate 
existence of a relatively small effect. 

Details of instrumentation·, results, p-H values 
(which vary with magnetic field) etc. will be published 
in the Journ. Collective Phenomena. 

Our results suggest that not only the enzyme but 
also water and ions may play a role m the establish
ment of superconductive·regions. This could ·give rise 
to a layer structure, an~ wit,h an-appropriate distribu
tion of ions to electric fields and to an a.c. Josephson 
effect i.e. to electrii:vibrations. These might be in 
resonance with the electric vibrations in biomolecules 
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Fig. 2. Temperature cycle of x at 600 gauss. 

postulated some time ago. Such vibrations could have 
far reaching biological consequences and it has been 
pointed out recently [l] that Russian experiments 
[2] seem to confirm their existence. Magnetic fields 
above He should then influence these experiments if 
as we expect the effect reporied here is.not restricted 
to lysozyme. 

Possible biological evidence for the existence of 
superoonductive regions has been discussed by Cope 
[3]. Existence of a critical fie id seems to follow from 
experiments by Pereira et al. [4] on cell~lar respira
tion.· 

We are grateful to Professor D.C. Phillips and Dr. M 
Dr. M.W. Makinen", Oxford for introduction into the 
techniques of treating lysozyme and for provision of 
single crystals. 

* Now Chicago. 
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