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ABSTRACT: The time course of assembly of monomeric actin (G-actin) into filaments (F-actin) was monitored
by simultaneous measurement of scattered light intensity, I, effective translational diffusion coefficient, D,
and fluorescence of pyrene-labeled actin. The fluorescence increases monotonically with actin polymerization.
In contrast, the parameters derived from light scattering show a complex time dependence and give evidence
of influence of laser illumination on actin polymerization. Extrapolation to zero laser power allowed the
determination of the polymerization kinetics in the absence of laser-actin interactions. In the presence of
moderate laser illumination, the scattered light intensity, I, rises more rapidly and to larger values.
Simultaneously, the diffusion coefficient, D, drops more rapidly and to smaller values than at extremely low
illuminating laser powers. After reaching a maximum, the scattered intensity, under nonnegligible laser
illumination, drops below its plateau value for a nonilluminated F-actin sample. The size of the overshoot
in I and the undershoot in D is a strong function of laser intensity. The extrema occur at approximately
the time when the elongating actin filaments form a semidilute solution in which the translation of filaments
is impeded. The laser-induced phenomena are eliminated by addition of very low concentrations of gelso-
lin, a protein that shortens the actin filaments and thus prevents the formation of an entangled semidilute
phase. It is believed that the effects of laser illumination are not unique to actin networks but rather can
be found in most networks of biological and synthetic polymers and can therefore have consequences for a
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variety of optical methods used to study the polymerization of macromolecules.

Introduction

Laser light is commonly used in the study of the kinetics
of polymerizing systems. Such studies may measure the
scattered light intensity, the time autocorrelations of
scattered intensity fluctuations, or the recovery of
fluorescence after photobleaching. In scattering exper-
iments, it is assumed that the laser light is elastically or
quasi-elastically scattered off the sample and that the
sample is not afected by the illuminating laser beam. On
the other hand, interactions between laser and tissue have
long been recognized and are commonly used in specialized
surgical interventions. The mechanisms of interaction and
the microscopic effects of the laser on the illuminated tissue
have, however, not been extensively studied. In appli-
cations of laser-tissue interactions, the laser power is
usually very high in a small region and the tissue is being
locally burned. This can be due to global heating of the
illuminated region and thus of the targeted molecules. It
can also be due to absorption of the laser light by the
targeted molecules only, making the laser—tissue interaction
more specific. In this report, we worked with laser power
levels well below the ones commonly used for medical
interventions. The effect of laser radiation on the actin
polymer system was, however, large. The reported
experiments clearly demonstrate that laser light should
be used with caution in medical applications and in the
study of polymerizing synthetic and biological molecules.
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Actin networks reorganize themselves slowly under weak
laser illumination for a long time after most of the actin
has been incorporated into the actin filaments. It is clear
that the characteristics of a biopolymeric system in general
can undergo serious qualitative changes in a slow equi-
libration process. Laser illumination, even at low powers,
can contribute to such slow changes. Similar slow processes
are known in synthetic gels! and could explain changes
found by other investigators in long-term experiments.23

Materials and Methods

Proteins. Actin was prepared from rabbit skeletal muscle and
labeled with N-(1-pyrenyl)iodoacetamide as described elsewhere.5
The fluorescence intensity of pyrene-labeled actin undergoes a
25-fold increase® when actin polymerizes. The rate of this increase
has been shown to be an accurate measure of the conversion of
G- to F-actin and is sensitive only to the mass of the polymer
and not to the average polymer length.%6 QOther assays’# have
judged pyrene-actin fluorescence not to be perfectly correlated
with actin assembly. However, the deviations are primarily due
to two factors, incomplete fluorescence enhancement of subunits
at the end of the filament and possibly hydrolysis of ATP bound
to an interior subunit.? These two effects are small in our
experiments, because the number of filament ends is very small
compared to the bulk actin concentration, and the polymerization
is sufficiently slow for ATP hydrolysis not to lag far behind the
actin polymerization. Under these conditions, the enhancement
of pyrene fluorescence is a good measure of conversion of G- to
F-actin.10

Pyrene-labeled G-actin was dissolved in 2 mM tris(hydroxy-
methyl)aminomethane (T'ris), 0.2 mM ATP, 0.2 mM CaCl,, and
0.2 mM 2-mercaptoethanol, pH 7.8 (buffer A), and further purified
by gel filtration on sephadex G-150 to remote traces of oligo-
mers and other contaminants from the preparation. The reported
experiments were performed on actin at a concentration of 0.20
mg/mL (Figure 1), 0.26 mg/mL (Figure 2), and 0.21 mg/mL
(Figure 3). Polymerization was induced by addition of 150 mM
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Figure 1. Normalized scattered intensity, i(t), at time ¢ relative
to the onset of G-actin polymerization. In a—c the illuminating
beam was, respectively, a 300-, 30-, and 3-mW argon ion laser.
In d and e the laser beam was not focused, thus decreasing the
power density of illumination about 13 times with respect to case
¢. In d and e, the beam was interrupted by a shutter for most
of the time. Experiment e was performed at 36.5 °C. Actin
concentration was 0.20 mg/mL.
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Figure 2. Top: i(t) represented by dots and D(t) represented
by open circles, measured as a function of time in a 0.26 mg/
mL polymerizing actin sample. Bottom: Fluorescence emitted
by the polymerized, F-actin on the same sample, expressed in
percentage polymerized material (0% for all G-actin, 100 for
all F-actin).

KCl and 2 mM MgCl,.

Gelsolin was prepared from human blood plasma by mono-
clonal anti-gelsolin antibody affinity chromatography by the
method of Chaponnier et al.l® It was used in the experiment
presented in Figure 3 at an actin-gelsolin ratio of approximately
200:1, meaning that the average F-actin filament in this sample
contains 200 actin monomers corresponding to a length of 450
nm"i,ll

Fluorescence. The fluorescence intensity of the pyrene-
labeled actin was measured with a Perkin-Elmer LS-5 instrument
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Figure 3. Total scattered intensity, I(t), and diffusion coefficient,
D(t), as a function of time after onset of polymerization in a 0.21
mg/mL actin sample in the absence (a) and presence (b) of gelso-
lin. Illuminating laser beam was comparable to the one in Figure

1b.

using excitation and emission wavelengths of 365 and 386 nm,
respectively, and a slit width of 3 nm.

Rolling Ball Viscometry. In order to determine if the laser
illumination was capable of extensive damage to the actin network,
F-actin was formed in a glass microcapillary and its viscosity
measured by the rolling ball method.!? Identically prepared
samples were irradiated over a length of 4 cm with-a succession
of pulses at 577 nm, each pulse 400 us in duration and 36 J/cm?
in intensity. The viscosity was measured by the rolling ball
method immediately after completion of the irradiation.

Static Laser Light Scattering. The average intensity, I, of
laser light scattered at an angle ¢ corresponding to a wavenum-
ber & by a solution of negligibly thin rod-shaped macromolecules
can in general be expressed as

I(k,L,2) = NM¥(P(kL cos Q),F(k,L,Q)

where N is the number density and M the molecular weight of
the macromolecules in suspension. The wavenumber is given by
k = (47 /M) sin (¢/2), where A is the wavelength of light in the
solvent. 1/k is the characteristic length scale of sample inho-
mogeneities that scatter light in the direction ¢, where the detector
is positioned. The reported experiments were performed at ¢
=90° and 1/k = 44 nm. The angle Q is the angle between the
wavevector k and the direction of the rod-shaped macromolecules.
P(kL cos Q) is the form factor of the individual scatterers and
reflects the angular dissymmetry in the scattered light intensity,
which results from the finite size L of the scatterers relative to
the wavenumber of the experiment. F(k,L,Q) is the structure
factor of the solution and results from the interference between
the light scattered by different individual scatterers. P(kL cos
Q) is normalized to 1 for a particle with characteristic length L
much smaller than 1/k. P(RL cos Q) is smaller than 1 and
oscillates as a function of kL cos  due to intraparticle interference
when kL cos Q is much larger than 1. On randomly oriented and
strongly polydisperse samples, the form factor is a weighed average
over all orientations of the P(kL cos Q) for a distribution of mac-
romolecular lengths L with average value (L). Insuch samples,
composed of rod-shaped polymers with a broad length distribution
in an isotropic suspension, as is the case for a suspension of F-ac-
tin filaments, the total form factor no longer shows peaks and
is only a weak, monotonically decreasing function of k(L). In
dilute, disordered samples, F(k,L,Q) is 1. If the scatterers form,
however, a structure with characteristic lengths comparable to
1/k, F(k,L,Q) will in general be different from 1 and have a
complicated dependence on %.131* The dependence of F(k,L,Q)
on L becomes increasingly weak as the typical distance between
crosspoints of polymers becomes much smaller than L. For
negligibly thin, isotropically oriented, polydisperse, rod-shaped
macromolecules, f(P(kL cos Q),F(k,L,Q)) reduces to a simple
product,’® namely f(P{kL cos Q),F(k,L,Q)) = P(k(L)) F(k,(L)).

In a polymerization experiment, on the one hand, the scattered
intensity increases with time as the average macromolecular



Macromolecules, Vol. 23, No. 24, 1990

weight M increases. On the other hand, if the polymerization
involves the formation of long rodlike molecules, such as is the
case for F-actin formation, the growth rate of the rods will govern
the rate at which P(kL cos ) decreases in time. Yet, random
filament orientation and polydispersity in the long actin filament
samples makes P(kL cos @) = P(k{L)), a smooth and slowly
varying function of extent of polymerization. When the filaments
form entangled networks, F(k,(L)) becomes more significant and
in fact can appreciably lower the scattered intensity, I, compared
to the dilute, nonentangled system. In entangled polymers
forming a regular network or homogeneous gel, the scattered
intensity can become very low and relatively k independent within
the typical k range of a ligth-scattering experiment.15

Dynamic Laser Light Scattering. Information about the
motion of the macromolecular solute, actin monomers and poly-
mers in this case, is extracted through an analysis of the temporal
fluctuations in the scattered light intensity. The rate of the
intensity fluctuations can be directly related to the rate of motion
of the scatterers in the sample. For this purpose, intensity au-
tocorrelation functions ¢(7) given by

c(r) = (J(®OIt + 7))

where ( ) represents a time average, are formed. In the simple
case of small scatterers undergoing Brownian motion, ¢(7) can
be expressed as

¢(r) = A exp(-2Dk?*r) + B

where A and B are, respectively, the amplitude and base line of
the correlation functions. Details of this analysis can be found
elsewhere.1318 With knowledge of the wavenumber k, intensity
autocorrelation spectroscopy yields the average translational
diffusion coefficient, D, of the scatterers. In an entangled system
of F-actin filaments, D no longer reflects free diffusion but rather
should be interpreted as the collective diffusion coefficient, i.e.,
the ratio of the bulk osmotic incompressibility of the suspension
of polymers over the friction coefficient exerted on the polymer
network by the solvent.!”

Temperature. With the exception of one experiment, all
reported experiments were performed at room temperature. The
static laser light-scattering experiment reported in Figure le was
done at 36.5 °C.

Results

Changes of total scattered intensity before, during, and
after actin polymerization are shown in Figure 1. All
scattered light intensity data I(t) are normalized to the
value I corresponding to the G-actin sample prior to the
onset of polymerization:

ity = (1) - 15/ 1]

The moment of addition of salts to induce poly-
merization is defined as the zero time. In parts a—c of
Figure 1, the power density of the focused, incident laser
beam was, respectively, 4 X 103, 4 X 102, and 4 X 10!
J/(s:cm?). In parts d and e of Figure 1, the laser beam was
not focused and the power density was 0.3 J/(s-cm?).
Moreover, this beam was interrupted by a shutter when
no measurements were being made, which was about %/
of the time. The experiments shown in Figure 1a—d were
performed at room temperature whereas the experiment
of case ¢ was done at 36.5 °C.

In order to demonstrate that nonilluminated regions of
the actin sample have a different scattering power than
the illuminated regions, the sample was carefully translated
on the sample stage using a micrometer translater. The
new scattered intensity i(t) was then compared to the value
in previously illuminated regions of the same sample. The
time at which the sample was translated is marked by an
arrow in Figure la—c. The plotted values of i(¢t) after the
arrow are measured on the previously nonilluminated part
of the sample. Clearly, even the low laser power of 3 mW
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(40 J/(s-cm?)) used in case c affects the scattering power
of the sample in a dramatic way.

Compared to the room-temperature, low-illumination
case of Figure 1d, the other four cases show a scattered
intensity that rises faster after onset of the polymerization.
In cases a-c, i(t) reaches a maximum and then drops
steadily. After an initial increase, the scattered power of
the nonilluminated regions stays constant. This was
established by repeated translation of the sample in 30-
min intervals starting hours after onset of polymerization.
As soon as the beam hits the previously nonilluminated
parts of the sample, i(t) starts to drop. In case a, i(f) in
the region that was illuminated during early stages of
polymerization reaches a value higher than the one in the
nonilluminated sample part. There is an overshoot in i(t).
In case b, this overshoot is smaller. In case ¢, although
i(t) shows a peak, the overshoot of i(t) above the value for
the nonilluminated sample is absent. The experiments
done at extremely low laser power and plotted in Figure
1d,e show a montonic rise of i(t) to a plateau value.
Comparison of cases d and e shows that an increase from
room temperature to body temperature causes the initial
rise of i(t) to be faster. However, the subsequent drop of
i(t) remains absent.

The results of a typical experiment combining static laser
light scattering, dynamic laser light scattering, and
fluorescence measurements are shown in Figure 2.
Identical samples of purified, 10% labeled actin at 0.26
mg/mL were monitored in time after onset of polym-
erization. Scattered intensity, i(¢), and collective
diffusion coefficient, D(t), are both measured at 2.7
J/(s-cm?) and plotted in Figure 2 (top). Fluorescence is
plotted in Figure 2 (bottom). Coincident with the
maximum in the scattered intensity, i(t), the diffusion
coefficient, D(t), shows a shallow minimum. The fluores-
cence, reflecting the conversion from G-actin to F-actin,
rises monotonically. At the time of the two extrema seen
in the laser light-scattering experiments, 70% of the ac-
tin was polymerized into the F-actin form.

The light-scattering experiments were repeated with the
same illumination as in the experiments shown in Figure
2 but with the aim to demonstrate that the special features
of Figure la—c require an entangled network of polymers.
A comparison was made between the static and the
dynamic scattering signal from pure actin at 0.21 mg/
mL and that from the same actin sample with a 1:200 molar
ratio of gelsolin added to limit filament length. In the first
sample, the actin forms a network of entangled filaments;
in the second sample the actin filaments, cut by gelsolin,
are too short to be entangled (see the Discussion). The
resulting data are given in parts a and b of Figure 3,
respectively. They show the scattered intensity, I(¢), and
the effective diffusion coefficient, D(t), for each sample.
The measurements of D(t) on the G-actin sample prior to
polymerization are not shown. The value is approximately
7.5 X 107 cm2/s and was reported elsewhere.1® Clearly,
both the overshoot and the subsequent steady drop of the
scattered intensity are absent in the gelsolin-containing
sample. The effective diffusion coefficient, D(t), falls to
a plateau value shortly after onset of polymerization in the
sample with gelsolin. In the pure actin sample, however,
D(t) shows a shallow minimum coincident with the
maximum in the scattered intensity. It should be noted
that the asymptotic value of D(t), though clearly higher
than its minimum value, is still very much lower than the
value of D for G-actin prior to polymerization. The
asymptotic value for I(t) in comparison is much lower than
the value at the peak.
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Capillary viscometry was performed on well-equi-
librated F-actin samples in microcapillary tubes. Ex-
tremely slow falling ball times were recorded, confirming
the formation of an entangled F-actin network. The tube
was irradiated over a length of 4 cm with a succession of
laser pulses at 577 nm, each pulse 400 us in duration and
36 J/cm? in strength. The irradiation amounted to
approximately 9 X 10* J/{s-cm?), which is a power density
about 22 times higher than that in the case of Figure la.
No change was observed in the falling ball times.

Discussion

General Significance of Laser-Polymer Inter-
actions. Although evidence of an effect of prolonged low
power laser illumination on polymer and network formation
was demonstrated here only for actin systems, we feel the
observed phenomena might be of more general significance.
The work to which we made reference earlier in this
paper!3 does by no means constitute the only papers in
which there seemed to be documented evidence of slow
laser-polymer interactions. We are presently investigating
the general nature of the phenomena reported here on ac-
tin systems by doing similar experiments on other biopoly-
meric systems as well as on synthetic polymer systems. In
the meantime we suggest that it might be very worthwhile
for investigators using prolonged low laser level illumination
as a means to monitor ongoing polymerization or other slow
equilibration processes to make sure that effects of laser
illumination on the system under study can be ruled out.
The effect of laser illumination is subtle and, at this time,
only partially understood.

Initial Enhancement of the Rate of Polymerization.
It is very likely for the initial enhancement of the rate of
polymerization to be caused by a small degree of local
heating in the illuminated portion of the sample. Indeed,
the rate of growth of polymers is known to be a sensitive
function of temperature. The experiments presented in
Figure 1 d,e confirm this finding. In case d the temperature
was 24.5 °C, and in case e it was 36.5 °C. The initial slope
of i(t) is appreciably steeper at the higher temperature.
No measurement was made of the local temperatue in the
small illuminated region of the sample in the higher laser
power experiments of Figure la—c, Figure 2 (top), and
Figure 3a. We consider it possible for this local tem-
perature to reach values markedly higher than 24.5 °C.
This, we believe, could cause the actin filaments to grow
to lengths longer than their equilibrium length. The
overshoot in i(¢) could thus reflect an unstable state caused
by temperature-induced enhanced polymerization.

Drop in i(t) Requiring Entangled Polymers. From
the fluorescence data, we know the concentration of
polymer at the time of maximum scattered intensity. When
the actin filaments are approximated by rigid rods diffusing
freely up to this point, the diffusion coefficient D measured
by dynamic laser light scattering yields the average length
of the polymers. A similar analysis was performed using
Broersma’s formulal!® in a previous study.’® The com-
bination of the measured polymer concentration and this
average filament length reveals that the maximum
scattered intensity is reached in the neighborhood of the
onset of the semidilute or entangled network phase. For
example, in the case of Figure 3, the diffusion coefficient
at the minimum is 1.75 X 10-8 ¢cm?/s, which corresponds
to an average length of 1.3 um according to Broersma’s
formula for rigid rods and a filament width of 0.01 um.
Fluorescence measurements on an identically treated
sample show that the actin filament concentration at this
point in time is 607: of the total 0.21 mg/mL actin
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concentration, which amounts to 0.13 mg/mL. The
concentration c* above which a polymer system becomes
semidilute assuming monodisperse, rigid rodlike filaments
is approximately given by20

¢* (inmg/mL) = (n,/V,)f, = 4.88 X 107'°/L? (in cm?)

where ny, is the number of actin monomers in a filament
of length L, V; is the volume occupied by a sphere of radius
L/2, and f, is the factor that converts the number of ac-
tin molecules to milligrams of actin. The values used were
3.7 X 106 actin monomers/cm!! and 24 uM per mg/mL
of actin. For 1.3-um filaments, c* is 0.03 mg/mL. Though
this is about 4 times smaller than the measured con-
centration at the time of maximum scattered intensity, it
does indicate that the sample is very close tp the onset of
the semidilute regime. In fact, it is well-known that
appreciable diffusional retardation does not occur for
rodlike particles until one is well into the semidilute regime.
Moreover, the actin samples are not monodisperse.
Instead, they contain a wide range of filament lengths.
Scattered light intensity is weighed by the square of the
size of the scattering molecules. Therefore, the values for
D at all times are more heavily weighted toward the longer
filaments, and the above-derived average filament length
L is thus longer than the number-average length of the
filaments in the sample. The concentration c* for onset
of the entangled phase is thus underestimated in the above
analysis. Quantifying exactly by how much ¢* was
underestimated requires a detailed analysis of the
distribution of lengths of the filaments.

Shortened Filament Sample. The gelsolin-containing
sample yields light-scattering results shown in Figure 3b.
Clearly, they resemble the results found for very low
illumination plotted in Figure 1d,e. The average filament
length at the 1:200 gelsolin—actin ratio should be 0.54 um.
The corresponding diffusion coefficient using Broersma’s!?
formula is 3.2 X 108 ¢cm?/s. The measured value of D =
6.5 X 1078 cm?/s is reasonably close and may reflect that
the sample with gelsolin contains rather rigid, monodis-
perse, and dilute filaments. The onset of the semidilute
phase for filaments with D = 6.5 X 108 cm?/s is at ¢* =
0.78 mg/mL. When i(t) for the gelsolin-containing sample
stops rising and reaches its plateau value, the fluorescence
measurements show that 90% of the actin has gone into
the filament form. At 90% of 0.21 mg/mL, this cor-
responds to 0.19 mg/mL actin concentration, less than c*
(0.78 mg/mL). Thus the actin filaments in the gelsolin-
containing sample are not entangled. This, we believe, is
why the laser-induced drop in i(t) is absent in this sample
despite laser illumination similar to the one in Figure 1a.
Moreover, the diffusion coefficient in Figure 3b stays
constant after reaching the lowest value; there seems to
be no filament breakage in this gelsolin-containing sample.

Slow Drop in i(t). The drop of the scattered intensity
observed in Figure 1 a—c, Figure 2a, and Figure 3a could,
at first sight, be explained in a few different ways. There
could be convective flow in the sample cell such that it
would align the actin filaments in the illuminated region.
There could be breakage of the long actin filaments due
to laser illumination. The laser illumination could cause
the F-actin to align as a result of induced polarity in the
filaments. The laser beam could cause the entangled
network of actin filaments to become more regular in a
slow equilibration process. There could well be yet other
contributions to the observed phenomena. Though we give
slightly more information with regard to the four sug-
gestions listed above, we are unable at this point to fully
explain the reported observations.
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A convective flow pattern around the illuminated region
could preferentially drag longer filaments into this region.
This would contribute to the initial relative enhancement
of scattered intensity and subsequently to the progressive
decrease of the structure factor F(k,(L)). Yet, it would
also be accompanied by the occurrence and progressive
increase of the depolarized scattered intensity. Mea-
surement of the intensity of depolarized scattered light
revealed only extremely small depolarization and no
increase of it in time. We feel therefore that alignment
due to convective flow in the sample cell is unlikely.
Moreover, we observed no thermal lensing in the pattern
of the laser beam transmitted through the samples.

We feel that actin filament breakage is not the cause
for the slow but very significant drop of the scattered
intensity i(t) upon laser illumination. This is based on the
capillary viscometry experiment described above. Nev-
ertheless, it should be pointed out that the laser irradiation
to which the actin samples were exposed in the falling ball
experiment originated from short, high-intensity pulses.
The total amount of energy to which the F-actin samples
were exposed by the pulsed laser was higher than the total
amount of energy to which the F-actin samples were
exposed in experiments such as the one plotted in Figure
la. However, the rate of energy deposition is much higher
in the pulsed laser experiment. We cannot rule out the
possibility that this plays a role in the effect of laser
illumination on actin networks. Yet, the observed drop
in i(t), if due solely to filament breakage, should be
accompanied by a simultaneous rise of D(t) much larger
than the observed, weak rise of D(t) after reaching a shallow
minimum in experiments such as the one of Figure la.

The third suggestion for a contribution to the dramatic
drop in i(¢) with illuminated time is related to the dipole
moment induced by the electromagnetic field of the laser
beam in the actin filaments. The energy gain, U, associated
with placing an actin filament and its induced dipole
moment in the electric fiecld of the laser beam is pro-
portional to the filament volume. Calculation?! of the
maximum value of this energy for the configuration of this
experiment—300-mW laser and 50 X 10-4-cm beam waist
radius—on a 10™4-cm-long filament shows that U is much
smaller than £ T, the thermal energy at room temperature.
Thus filaments were not pulled into the laser beam during
the experiment. We feel, however, that it cannot be
entirely ruled out that F-actin molecules trapped in the
beam due to the strong entanglement of the actin network,
experience a slight bias toward alignment in the electric
field of the laser. This may contribute somewhat to the
slow organization of the network, which will be further
addressed in the next paragraph. Experiments are
presently being planned for further and systematic
investigation of this point.

A suggestion that, indeed, seems consistent with all our
data is that the laser beam slowly causes the actin network
to become more regular. This may be the result of the
above-stated polarization and/or may be the result of local
heating. We estimate, using the expressions of Simon et
al.,?% that this heating could, after some 150 min of
illumination, reach a few degrees above ambient. The exact
value for this temperature rise depends on the absor-
bance, A, of the actin suspensions at the laser wavelength
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and on the thermal conductivity, K, of the suspension. We
have only estimates of A and K for our particular samples
at this point, yielding temperature rises in the beam waist
of at most 5 °C above ambient after 150 min. Though it
is clear from the experiment performed at body tem-
perature and presented in Figure le that such a tem-
perature increase uniformly throughout the sample does
not cause the observed i(t), this issue is under closer
investigation. Previous work?® demonstrated that synthetic
polymer gels prepared at slightly higher temperatures are
optically clearer than ones prepared at lower temperatures.
This is attributed to the fact that a more regular network
structure on the length scale of 1/k presents less inho-
mogeneity in the refractive index of the medium and thus
makes for less light scattering. The dynamic data on the
diffusion coefficient are not in contradiction with this.
Indeed, D in the entangled phase is to be interpreted as
the ratio of incompressibility of the actin network to the
friction coefficient exerted on the actin network. D would
be slightly altered in the formation of a more orderly
network but not to the extent to which it would reach
values that approximate values for monomeric actin. This
is in agreement with our experimental findings.
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