
transition of AM to state 2fin, in which case the electron
remains in well II, but its energy is reduced from E2 to E '2.

The second stage is a conformational transition in the
macromolecule that involves a special and expediently orga-
nized "mechanical"8 degree of freedom; it can also be looked
upon as a phase transition in the structure.9 The entire pro-
cess is an electron-penformational transition (this designa-
tion was introduced by VoPkenshtem10). The formation of a
polaron is the analog of this process in physics.

In real macromolecules states lf in, 2fln, etc., contain a
large number of macro-states, and migration over these
states is described within the framework of the "Brownian
oscillator" model." The transition between state lfln and
2ftn can also take place in stages (indented barrier), in which
case its kinetics can be described within the framework of the
restricted diffusion model.']

The energy transformation cycle can be completed if
there is a third transporter of electrons (third well), in which
the energy level E3 lies below E '2, but is not too far from it.
The following two stages will then take place: III—tunnel-
ing of the electron from E '2 to E3, in which the AM will
undergo a transition to a metastable (energized) state and
IV—expenditure of the energy of the metastable state and
return of the AM to the original state lin (this process is not
connected with tunneling and must be considered separate-
ly).

The entire four-stage cycle is discussed in Refs. 2, 12,
and 13. It is possible only under the conditions of "reso-
nance" tunneling since, otherwise (strong coupling), state III
will occur immediately after stage I (bypassing state II) and
the entire energy will be dissipated. An application of this
scheme to a particular proton energization process is de-
scribed in Ref. 14.

An analogous cycle in the interior of one macromole-
cule containing two electrophilic groups, in which a photon

can take an electron to an excited state, is discussed in Refs. 2
and 15. An application of this cycle to the energy transfor-
mation process in bacteriodopsin is discussed in Refs. 16 and
17.

Thus, the theory of tunneling transport of electrons in
biology (with allowance for the specific character of the ob-
ject) is now adequately developed and is being used to inves-
tigate specific processes.
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A. B. Rubin. Molecular mechanisms for electron trans-
port in biological systems.. The two basic bioenergetic pro-
cesses, namely, photosynthesis and respiration, rely on the
transport of electrons between macromolecular carriers
within the membrane. Direct measurements performed by
fluorescence and absorption (laser) spectroscopy have yield-
ed the characteristic times for the transfer of electrons in
reaction centers (RC) of the photosynthesizing purple bacte-
ria.1^

The general scheme of transport in reaction centers and
the immediate donor-acceptor environment has the form

1,6-10

2,3-10 5-W's

where CH and CL are the high- and low-potential cyto-
chromes, P is the photoactive dimer of bacteriochlorophyll,
I is bacteriopheophytin, and Q, and Q2 are the primary and

secondary acceptors of quinone origin. The excitation of P
results in the detachment of quinone origin. The excitation
of P results in the detachment of an elecron in 5 X 10~12 s
from the primary singlet state and its transport to the accep-
tor Qj in 2X 10~10 s through the intermediate molecule I
and then onto Q2. The positive hole in P is filled by an elec-
tron from cytochromes CH and CL in a time of the order of
10~6 s. The quantum yield of charge separation in the reac-
tion PQ,^ P+Qf is about 100% (Ref. 5). The inverse trans-
port reactions are much slower than the direct reactions,
which ensures that electron transport along the chain pro-
ceeds with high efficiency.1'4

The temperature dependence of the direct electron
transport reactions over the links CL—>• P, Q,—> Q2 is char-
acterized by a two-phase curve with a turning point in the
range - 100° to - 140 °C and - 50° and - 70°, respective-
ly, and electron transport below this point is practically tem-
perature-independent.1'6 In the temperature region in which
changes in the efficiency of the Q1—>- Q2 process have been
observed, a change has been found in the intramolecular mo-
bility of the RC protein, as measured by Mb'ssbauer spectros-
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copy, ESR (spin probes), and fluorescent traces.7'8 Analysis
shows that electron transport in the RC occurs by inelastic
tunneling when electron transitions are associated with vi-
brational and confirmational degrees of freedom.6'7'8'10

An electron tunneling into the carrier molecules is
slowed down by it, losing part of its energy to vibrational
degrees of freedom of the acceptor mode in 10~I2 s (approxi-
mately 0.1 eV). However, the change in the charge state of
the carrier may produce more or less deep conformational
changes in the polymer structure, which occur in about
10~4-10~5 s. It has been found that this type of change oc-
curs in the RC when the electron returns to P (Ref. 1). The
conformational change can be sharply slowed down by re-
ducing the temperature and the amount of water in the RC.
One then observes an anomalous temperature dependence
for which the rate of the inverse reaction P<—Qj is increased
by afactor of 1.5-3 as the temperature is reduced from + 25°
to — 150° and the humidity is reduced to 10% or less. The
transport of the electron during the Q1-^ Q2 stage is regulat-
ed to an even greater degree by the conformational mobility
of the second quinone Q2. This carrier executes motion with-
in the portion of the RC polymer near Qt and forms with it a
contact configuration assuring electron transport from Q, to
Q2 (Refs. 7 and 8). On those segments of the chain (P-> I,
ChH-> P) on which the contact configuration between the
carriers has already been formed, electron transport is prac-
tically independent of temperature (Refs. 1, 7, 8, 10). The

mechanism of intramolecular protein mobility, which lies at
the basis of conformational rearrangement, has the charac-
ter of restricted diffusion. Thus, electron-conformational in-
teractions ensure effective tunneling transport, accompa-
nied simultaneously by conformational changes in the
polymer structure of the carriers, which facilitate the forma-
tion between them of functionally active contact configura-
tions. 1-7-10
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V. I. Gol'danskii and Yu. F. Krupyanskii. Dynamics of
biopolymers and the glass model of proteins and DNA. If the
basic characteristics of matter are taken to be the presence
( + ) or absence ( — ) of order (i.e., definite structure), period-
icity, and geometric single-valuedness of the ground state
[here ( + ) corresponds to entropy tending to zero for T—»• 0
and ( — ) corresponds toS ^0, T—> 0], we may conclude that
a perfect crystal ( + + + ) and glass ( ) are com-
plete antipodes. Moreover, analysis of the dynamic proper-
ties of biopolymers leads to the conclusion that they typical-
ly exhibit peculiar combinations of the properties of crystals
and glasses.

As long as forty years ago, Schroedinger1 characterized
polymers as aperiodic crystals, and looked upon their order
as the main functional activity factor. It became clear subse-
quently that the dynamic properties of polymers played a no
less important role in manifestations of their reactivity.2^*.

For a long time, traditional x-ray analysis led to the
conclusion that polymer globules could be looked upon as
molecules with geometrically unique positions of atoms in
the ground state (-f — + ). The conformational mobility
observed, for example, in experiments on H-D exchange or
luminescent tracer quenching, is usually described by con-
sidering short-lived fluctuations in the basic structure
which, like any other excited states, have much lower statis-
tical weights.

A fundamentally new approach to the dynamic struc-
ture of polymers emerged with the advent of dynamic x-ray
analysis (DXA).5'6 This method has been used to determine

the root mean square amplitudes (x2) of displacements of
atoms in the core and the side chains of polymer globules, to
detect the presence of "quasisolid" ( (x 2 ) ^ 0.04 A2) and "liq-
uid-like" ((x2) up to about 1 A2) regions in these globules,
i.e., the conformational heterogeneity of biopolymers, and
thus investigate the temperatue dependence of (x2) between
300 K (Ref. 5) and 80 K (Ref. 7). The DXA method has
substantially extended our ideas on the dynamic properties
of polymers and has established the presence of conforma-
tional substrates (CS) or, more precisely, quasidegenerate
conformational states (QDCS),5 which corresponds to the
designation of the biopolymer molecules as ( + — — ). The
conformational substrates are understood to be varieties of
the same basic growth structure of a particular polymer mol-
ecule that are equivalent, or almost equivalent, in energy,
but differ very slightly in local configurations (irreversible
rotations relative to tr-bonds, shifts of hydrogen ridges, fluc-
tation break-up and restoration of hydrogen bonds and, as a
consequence, small shifts of large molecular groups or frag-
ments relative to other portions of a globule). It is precisely
transitions between the QDCS that are responsbile for the
large values of (x2) observed by DXA. The idea of QDCS's
and transitions between them has provided an explanation of
the sharp change in the temperature dependence of the
Mossbauer probability/', i.e., its rapid fall for TZ 200 K,
first noted for proteins as far back as 1973.8 This idea was
subsequently confirmed quantitatively in new experiments
based on Afossbauer spectroscopy (MS)9 and Rayleigh scat-
tering of Mossbauer radiation (RSMR).10-11 All the data ob-
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