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FIG. 2. Diagram showing the packing of chains consisting of heli-
cal (A ), stretched (B), and alternating helical and stretched (C)
regular sections. The helices are indicated by circles and the
stretched sections are indicated by squares (view from above). The
crosses and the dots indicate that the section is oriented away
from and toward the observer. The numbers in A enumerate heli-
cal sections, while the numbers in B and C enumerate stretched
sections. The length of the chains increases from left to right.
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same time, an analysis of random sequences has shown that
clusters of nonpolar groups capable of forming helical or
stretched sections with continuous nonpolar surfaces can
appear quite often in such sequences. Clusters of nonpolar
groups arise with the synthesis of protein chains and then
can no longer decompose, since they are fixed by chemical
bonds. As a result, irregular (random) sequences of polar and
nonpolar groups form regular packings of helical and
stretched sections, similar to packings that chains consisting
entirely of nonpolar groups would have. The energetically
most favorable packings of helical and stretched sections in
such chains can be easily obtained (Fig. 2), and they are sur-
prisingly close to the typical packings of these sections in real
proteins.

In contrast to the regular coarse structure of a protein,
its detailed irregular structure is stabilized by the usual van
der Waals interactions, leading to dense packing of the side
groups. The presence of a regular "framework" consisting of
helical and stretched sections, encompassing the entire mol-
ecule, makes any local breakdown of dense packing impossi-
ble, since such breakdown requires a displacement or break-
down of the entire framework. For this reason, breakdown
of a densely packed protein structure is an intramolecular
first-order phase transition. This fact has a great biological
significance, since it makes the rigid structure of the protein
stable with respect to thermal fluctuations. The rigid struc-

ture of the "active center" of the protein (i.e., the part of the
protein that participates directly in its function) is guaran-
teed by the fact that this center is included in an extended
highly efficient structure, capable of breaking down only as a
whole. The architectural organization of this structure is not
very important for biological function; the fact that it exists
is in itself important. Such extended structures are then
formed in random sequences of amino acid radicals almost
without the participation of biological evolution. Biological
evolution is primarily needed for "editing" these structures
in order to create active centers based on them, capable of
performing different biological functions.

This report was based on the following publications by
the author and his colleagues:
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2O. B. Ptitsyn and A. V. Finkelstein, Quart. Rev. Biophys. 13, 339 (1980).
3O. B. Ptitsyn and A. V. Finkelstein in: Protein Folding, Ed. by R. Jaen-
icke, Elsevier North-Holland Biomed. Press, Amsterdam (1980), p. 101.

"O. B. Ptitsyn, FEBS Lett. 131, 197 (1981).
5R. I. GiFmanshin, D. A. Dolgikh, O. B. Ptitsyn, A. V. Finkel'shtem, and
E. I. Shakhnovich, Biofiz. 27, 1006 (1982).

6E. I. Shakhnovich and A. V. Finkel'shtem, Dokl. Aka. Nauk SSSR 267,
1247(1982).

7O. B. Ptitsyn in: Conformation in Biology, Ed. by R. Srinivasan and R.
H. Sarma, Adenine Press, New York (1983), p. 49.

8O. B. Ptitsyn and A. V. Finkelstein, Biopolymers 22, 15 (1983).

A. A. Vazina, Liquid crystals and biological mobility. A
muscle is a highly efficient mechanical-chemical machine;
contraction is realized by the relative slipping of microfibrils
of the muscle fiber; the molecular mechanism of contraction
is unknown.

Structurally, a muscle can be viewed as a lyotropic liq-
uid crystal (LC).' The hexagonal lattice of the muscle is
formed by two types of protein strands: thick strands, con-
sisting of the protein myosin, and thin strands, consisting of
actin. The lattice of thick strands overlaps only partially
with the lattice of thin strands. In the rest state, there is no
contract interaction between the strands: the distance
between the thick strands is about 400 A; the system is stabi-
lized by long-range forces. The actin and myosin strands
differ by their periods and symmetry. The heads of myosin
molecules, exhibiting ATPase activity, are distributed on the
surface of a thick strand in the form of protuberances and

bridges are situated in pairs with an interval of 143 A; each
pair is rotated relative to its neighbors by 120°, so that the
strands have a screw symmetry axis 3t and a period of 429 A.
The thin strand is a double helix consisting of actin globules
with a noninteger axis 13/6 and a period of 365 A. The thin
strand has a polar structure: it does not have a second-order
axis perpendicular to the axis of the strand. The helical
structure of the thin strand is modulated by the structure
with a different period of 385 A, which corresponds to the
distribution of important regular proteins (tropomyosin and
troponin), i.e., the thin strand is an incommensurate one-
dimensional crystal. With the limited length of the fibrils (1-
2 //m), it represents an aperiodic structure.

Aperiodic polar fibrils, forming LC, form long polar
channels, along which there are no equivalent symmetry
points. Liquid crystals are prone to polymorphic transi-
tions.2 The unique strictly periodic distribution of charges
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and active groups on the fibrils forms within a channel a
definite force field. Thus the channels in the LC must be
viewed as biologically active space, defining the direction
and determining the spatial-temporal parameters of the pro-
cesses occurring in the cell.

An x-ray diffraction pattern of a muscle in the meri-
dional direction consists of two systems of layered lines,
formed by the helices of the myosin and actin strands. In the
equatorial direction, the diffraction pattern is due to the hex-
agonal lattice of the thick and thin strands. The diffraction
pattern of the muscle changes sharply in the state of rigor
mortis, when ATP is absent in the muscle: the intensities of
the equatorial reflections are redistributed, the intensity of
the reflection from the 10 planes, where only thick strands
occur, decreases, while the intensity of the reflection from 11
planes, where both thick and thin strands are situated, in-
creases; the heads move away from the thick strand toward
the trunk of the thin strand. The lines form the layers of
myosin strands disappear and the actin layer lines are ampli-
fied: the heads leave the register of the helix of the thick
strand and become incorporated into the structure of the
thin strand. It is known that actin and myosin are capable of
forming a stable complex, but in the presence of ATP, the
complex dissociates. The formation of actomyosin acceler-
ates the stage at which the products of hydrolysis of ATP are
released from myosin. The x-ray diffraction picture of the
steadily contracting muscle (tetanic contraction) is also
characterized by some redistribution of the equatorial reflec-
tions and extinction of the myosin layer reflections. This was
interpreted (in analogy to the x-ray diffraction pattern of the
rigor-mortis state) as an asynchronous emergence of bridges
from the register of the thick strand, their approach to the
thin strand, and attachment to it, although in this case, an
intensification of actin layer reflection was not observed.3

The x-ray experiments formed a serious foundation for
the bridge hypothesis of slipping, according to which force is
developed due to the periodic attachment of myosin bridges
to specific centers of the actin strand. Changing their incli-
nation, the bridges drag the thin strand relative to the thick
strand. In this model, the functionally significant structural
unit is considered to be a singled out pair of strands, i.e., in
principle, two strands and a single bridge are sufficient to
develop motion. All theoretical models of slipping are one-
dimensional and it is assumed that forces perpendicular to
the axes of the fibers are either small or compensated, i.e.,
the specific properties of a liquid-crystalline ensemble are
deemphasized in the models.

Results obtained in recent years by us and abroad in x-
ray diffraction experiments with high temporal resolution
up to 1 ms (diffraction motion picture), revealed and para-
doxical nature of the changes of the intensity during the con-
traction process. l>4~* (The diffraction motion picture tech-
nique was developed based on the use of SI and sensitive
detectors.4) The temporal behavior of the intensity of the
reflection at 429 A follows the stress curve, while the change
in the intensity of reflection at 143 A (third-order reflection),
reveals an anomaly: the curve is a biphase curve, there is a
distinct increase in the reflection intensity at 143 A at maxi-
mum stress. A considerable reversible change in the intensi-

ty of the reflection at 143 A compared to the stability of the
reflection at 429 A is observed in experiments with fast me-
chanical actions on the contracting muscle. The temporal
behavior of the intensity of the 11 equatorial reflection leads
the 10 curve in phase. It should be emphasized that no inten-
sification of the actin layer strands was recorded in these
experiments.

The results presented above cannot be explained within
the framework of the bridge contact model. To interpret
them, it is necessary to have some notion of the dynamic
structure,1 which is formed in the interior of the LC; this
lattice is not a morphologically independent structure, it is
formed by bridges of three different strands at the time of
contraction; its lifetime is a hundredth of a second.

Thus a trigonal channel of the liquid-crystalline ensem-
ble, which is formed by fibrils with different periods and
symmetries and not a pair of isolated strands must be viewed
as the functionally significant element. When the interaction
between the thick and thin strands is switched on, the system
goes over into a nonequilibrium state and uncompensated
longitudinal forces appear. In the presence of a degree of
freedom and in view of the polarity of the structure, any
vector of forces leads to a unidirectional motion of the thin
strand along the axis of the myosin channel and when set in
motion, the system becomes an equilibrium system. The
principle of dynamic coupling of symmetries can determine
the mechanism of biological mobility in its various manifes-
tations.8

The elementary acts of motion will be manifested in the
form of vibrations and quivering of the strands. Indeed, with
a given strand length (1 pm) and with a given ratio of periods
of the helices of the thick and thin strands, there cannot be
two identical distances rAM between the interacting centers
of the actin and myosin strands and, therefore, the elemen-
tary interaction forces/AM, which are a function of rAM, will
also have different magnitudes; the width of the dispersion of
rAM and/AM will be determined by the ratio of the periods of
the helices of the thick and thin strands. We do not make any
assumptions concerning the nature of the forces. It is impor-
tant that these are long-range forces. In view of the different
symmetry of the strands in the trigonal channel, forces will
be applied to the thin strand from the side of the thick
strands at nonequivalently symmetrical points. This will
lead to the appearance of a moment offerees and to rotation
around an axis by some angle. In this system, with complete
determinateness of the structure, the interactions will be re-
alized as quasistochastic interactions. Vibration leads to sta-
bility of the system, and the force of dry friction is converted
into friction of a liquid. The statistical nature of the vibra-
tions around the axis guarantees the possibility of a comple-
mentary interaction of specific centers of myosin and actin in
the isometric contraction regime, which is necessary in order
to complete the act of fermentation hydrolysis of ATP (re-
lease of products of hydrolysis from myosin) and which
makes it possible for the cycle to be repeated.

The mechanism of mobility cannot be represented in
terms of models with physicists are familiar. The contrac-
tion systems are apparently reminiscent of systems with mix-
ing and it is possible that such ideas will be fruitful here.
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Scientific session of the Division of General Physics and Astronomy and Division of
Nuclear Physics of the Academy of Sciences of the USSR (25-26 May 1983)
Usp. Fiz. Nauk 141, 551 (November 1983)

PACS numbers: 01.10.Fv

A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear Physics
of the USSR Academy of Sciences was held at the P. N.
Lebedev Physics Institute of the USSR Academy of Sciences
on May 25 and 26,1983. The following reports were heard at
the session:

May 25
\.E.R.Aleksandrov,A.A.Ansel''m, Yu. V.Pavlov,and

R. M. Umarkhodzhaev, Limitations on the magnitude of the
hypothetical fundamental long-range interaction between
spins in an experiment with mercury nuclei.

2. D. A. Kirzhnits andF. M. Perfkov, Coulomb interac-
tion of composite particles.

May 26
3. M. M. Makarov, G. Z. Obrant, and V. V. Sarantsev,

Splitting of the deuteron by TT-mesons with intermediate en-
ergies.

4. Yu. R. Gismatullin and V. I. Ostroumov, Mechanism
of proton emission accompanying inelastic scattering of TT
and K mesons with intermediate energies.

A brief summary of the reports is published below.

E. B. Aleksandrov, A. A. Ansel'm, Yu. V. Pavlov, and
R. M. Umarkhodzhaev. Limitations on the magnitude of the
hypothetical fundamental long-range interaction between
spins in an experiment with mercury nuclei. Different var-
iants of the extension of the "standard model" of the electro-
weak interaction (supersymmetry, grand unification, inclu-
sion of horizontal symmetry) can lead to a complex Higgs
structure of the theory. In this case, the existence of physical
massless Goldstone bosons, related to spontaneous break-
down of possible additional global symmetries of the theory1

(such symmetries could be present if, for example, Higgs bo-
sons are actually composite particles, similar to the manner
in which this occurs in technicolor models) becomes impor-
tant. Exchange of a massless pseudoscalar Goldstone parti-
cle (arion) between fermions (quarks and leptons) leads to the
appearance of spin-dependent forces between them, similar
to the dipole magnetic interaction of spins:

V (r) = Xl

where r is the distance between the particles <7, and cr2
 are

their spins, n = r/|r|, GF is the Fermi weak interaction con-
stant, and *, and x2 are dimensionless parameters that de-
pend on the details of the model being examined (of the order
of unity in the simplest variants).

Any methods for observing the weak magnetic field in
an experiment, in which oriented spins are present, if the

true magnetic forces created by them are reliably screened
(for example, with the help of superconducting shielding2),
or are monitored with high accuracy, can be used to detect
the arionic interaction. The first attempt at observing the
arionic interaction experimentally is briefly discussed be-
low.

To distinguish the arionic spin interaction against the
background of the much stronger magnetic interaction, an
attempt was made to measure the ratio of the precession
frequencies of two types of nuclei with different gyromagne-
tic ratios y, and y2

 m an external magnetic field. As long as
only a magnetic field acts on the nuclei, the ratio of the
precession frequencies by definition equals yt/y2 indepen-
dently of the magnitude of the field. If the nuclei are placed
in the field of a polarized ferromagnet, then, in addition to
the magnetic field of the oriented electron spins, the arionic
field of the same spins will act on the nuclei. The increase in
the precession frequencies of nuclei 1 and 2 in an arionic field
in general is by no means proportional to y\ and y2, and for
this reason in the constant field of a permanent magnet, the
ratio of the precession frequencies of the nuclei will no long-
er equal 7i/72- F°r the experiment, we used an atomic vapor
consisting of a mixture of mercury 199 and 201 isotopes. The
effective technique of optical orientation,3 with the help of
which the ratio 7i/y2

 can oe measured with an accuracy up
to 8-9 significant figures, is known for these isotopes.4
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