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Human Spectrin. III. A Study Based on Dynamic and Static

Light Scattering
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The translational diffusion coefficient, D3, of
human spectrin extrapolated to zero spectrin
concentration and referring to 20 °C was determined
employing the dynamic light scattering technique.
Measurements on spectrin heterodimers at the
ionic strength (I) of 0.001 M (pH 7.3) and 0.1 M
(pH 7.5) gave D3,=(1.03+0.08)x 10”*! m?/s and
D5o=(1.40+0.05)x 10" **  m?/s, respectively.
Measurements on spectrin heterotetramers at I =0.1
M (pH 7.5) yielded D3, =(0.95+0.08) x 10! m?/s.
The static light scattering measurements on spectrin
heterotetramers at I=0.1 M (pH 7.5) and 22 °C
gave a radius of gyration of (60+10 nm). Light
scattering measurements on solutions (/=0.1 M,
pH 7.5) containing spectrin heterodimers at room
temperature further indicated that (a) spectrin
monomerization occurred as the temperature was
raised slowly to 47—48 °C, (b) there was a sharp
transition at 49 °C as revealed by the formation of
high molecular weight spectrin aggregates.

Spectrin is a major protein component of the human
erythrocyte membrane -2 located on its cytoplasmic
surface.®> The spectrin heterodimers contain two
large polypeptide chains with molecular weights
of approximately 230000 and 250000 Dalton.
Spectrin heterotetramers probably consist of two
spectrin heterodimers.*

Spectrin is thought to play a major role in
determining many of the biophysical properties of
the erythrocyte membrane such as shape,® visco-
elasticity® and lateral mobility of the intramem-
brane particles.”~® Spectrin removal from isolated
erythrocyte membranes causes ghosts to lose their
characteristic biconcave shape and become spherical
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and fragile, eventually versiculating into smaller
membrane fragments.” The details of how spectrin
plays its important roles are not known. Any new
information about the spectrin structure is therefore
of great interest.

The published structural data on spectrin are
rather bewildering. The reported spectrin lengths
vary from 28 nm to 210 nm.'°~!! We have earlier
reported on a classical light scattering study and an
electro-optic study indicating that spectrin hetero-
dimers are expanded flexible worm-like or coil-like
molecules with a radius of gyration that increases
from about 22 nm to about 40 nm as the ionic
strength is reduced from 0.1 M to 0.001 M.12:!3
Here we report on dynamic light scattering measure-
ments of spectrin heterodimers and heterotetramers,
as well as static light scattering measurements of
spectrin heterotetramers.

In dynamic light scattering experiments the
objective of the basic measurements is characteriza-
tion of the timescale of the scattered light intensity
fluctuations. This can be done by determining the
normalized intensity correlation function:

gl(zi ’ T) = <I(q ’ l)l(fi ’ t+1:)>/<l(q ’ t)>2

where I(g , t) is the intensity of the scattered light,
g is the scattering vector, ¢ is the time and { ) denotes
time average. When the complex representation of
the electric field of the scattered light, E(4 , t), has a
Gaussian distribution, the Siegert relation connects
g(g ,t) and the first-order field correlation func-

tion:'#

g(d, ) =1+|gt"(d ,v)|*
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where:

()= — (E(G ,0)E*q ,t+1)
96740 = kG 0BG )

It can be shown !* that for a monodisperse solution
of independent macromolecules the following rela-
tionship is valid provided that the dimensions of

the macromolecules are small compared to ¢~ ':

|9$(d , 7)| = exp(—T|z])

Here '=Dq?,q=|q|, and D is the translational
diffusion coefficient of the macromolecules. When
the dimensions of the macromolecules are of the
same order of magnitude as or larger than ¢!,
internal and rotational movements of the macro-
molecules may cause significant changes in the
correlation properties of the scattered light.'® The
decay constant will then not be proportional to
q°. More detailed introductions to dynamic light
scattering have been given by various authors.'¢~1?

For spheres D is given by the Stokes-Einstein
relation:2°

D = kT/6nnR)

where k is the Boltzmann constant, T the absolute
temperature, n the viscosity of the solvent and R
the radius of the sphere. For non-spherical molecules
one can introduce an equivalent hydrodynamic
radius:

R, = kT/(6nnD)

It is further customary to introduce the param-
eters2° f/fin=R./R, and ¢=R,/Rg, where R, is
the macromolecule radius of the same molecule
in the hypothetical form of an unsolvated compact
sphere, and Rg is the macromolecule radius of
gyration. For compact spheres the frictional ratio
flfun=1 and &=./5/3.2° The frictional ratio in-
creases with increasing axial ratio for stiff prolate
ellipsoids and an axial ratio of 50 gives f/f,~3.
For random coils £ =0.6652! and for stiff rod-like
molecules of constant length {—»0 when the rod
diameter is reduced to zero.

The light scattering data presented here support
the conclusions drawn in our earlier studies,!?'?
which indicated that the spectrin heterodimer is a
flexible and highly expanded worm-like or coil-like
molecule.

EXPERIMENTAL

Except for one modification the spectrin hetero-
dimers were prepared according to procedures
referred to as A and B in an earlier study.'? The
last step in procedure A is gel filtration at 0—4 °C
on a Sepharose CL-4B column (2.6 cm x90 cm)
equilibrated with 0.1 M NaCl, 0.5 mM EDTA and
0.05 mM dithiothreitol pH 7.3. In the study reported
here the last gelfiltration step was done at 22 °C and
having the Sepharose CL-4B column equilibrated
with 0.1 M NaCl, 5 mM EDTA, 5 mM f-mercapto-
ethanol and 10 mM sodium phosphate pH 7.5. This
modified procedure for preparation of spectrin
heterodimers will in the following be referred to as
procedure A'.

Spectrin heterotetramers were prepared by first
dialyzing the isolated human erythrocyte ghosts for
40—42 hours at 0—4 °C against 2 x 1000 ml1 0.1 mM
EDTA and 0.05 mM dithiothreitol pH 7.5. The
ghost suspension was then centrifuged at 200 000 g
(50 000 rev./min in a Beckman 50Ti rotor) for 60 min
at 0—4 °C and the supernatant chromatographed
on the gelfiltration column used in the last step in
procedure A’. The resulting elution profile was
found to be very similar to that described earlier.!?

The spectrin heterodimer and the spectrin hetero-
tetramer solutions were optically clarified as
described earlier.!?

The static light scattering measurements were
made at 436 nm employing a Brice-Phoenix Light
Scattering Photometer (Model 2000) and a cylindri-
cal sample cell (type C101) with flat entrance and
exit window.!2

The dynamic light scattering measurements were
made at A=514.5 nm and 6—7 different angles, 6,
in the range 30— 130°. As light source, an argon ion
laser (Spectra Physics, maximum output 1.4 W at
514.5 nm) was used. To improve the polarization of
the incident laser beam a Glan polarizing prism
(Halle, extinction ratio better than 10~ ) was placed
between the laser and the sample cell. The same
sample cell was used for the static and the dynamic
light scattering measurements. To obtain refractive
index-matching and temperature control the sample
cell was placed in a temperature-controlled water
bath. The scattered light was detected using an
ITT-FW 130 photomultiplier. The signals from the
photomultiplier were analyzed employing a digital
correlator (Malvern, 24 channels). The calculation
of the translational diffusion coefficient is described
in detail elsewhere.??

The setup for dynamic light scattering measure-
ments was checked for systematic errors due to
fluctuations in the light intensity from the laser,
vibrations and selfcorrelation in the photomultiplier
by measuring the intensity correlation function of
fluorescence from a fluorescence standard (Applied
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Photophysics) which emits light around 560 nm
when excited at 514.5 nm. The normalized intensity
correlation function of the fluorescence was found
to deviate less than 0.4 9 from 1 in the time range
of interest indicating that selfcorrelations in the
spectrometer were negligible. The performance of
the dynamic light scattering setup was further
checked by measuring the translational diffusion
coefficient of bovine serum albumin (BSA, Sigma,
fraction V). The translational diffusion coefficient
of BSA in 150 mM KCIl, 8 mM phosphate buffer
(pH 7.6) at 20 °C was found to be (5.9+0.1)x
10~'* m?/s which is in close agreement with the
results reported by others.>> The amount of local
heating in the spectrin solutions because of absorp-
tion of the laser beam was estimated employing
the thermal lens effect described by Gordon et al.**
The local temperature rise was found to be less than
about 0.2 °C.
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Fig. 1. The decay constant, I', of the first order
field correlation function, referring to 20 °C, as
function of q* for (a) 72 ug/ml human spectrin
heterodimers (Q) in 1 mM Tris.HCI, 0. mM
EDTA and 0.05 mM dithiothreitol pH 7.3, (b) 270
pug/ml human spectrin heterodimers (@) and (c)
240 pg/ml human spectrin heterotetramers (A) in
100 mM NaCl, 5 mM EDTA, 5 mM p-mercapto-
ethanol and 10 mM phosphate buffer pH 7.5.
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RESULTS AND DISCUSSION

In Fig. 1 is shown the decay constant I as function
of ¢2. Since " approximately is proportional to g2,
it is concluded that there is no significant contribu-
tion to the dynamic light scattering from the dif-
ferent spectrin solutions due to rotation or internal
movement of the spectrin molecules. In the follow-
ing ['/q? is therefore interpreted as being equal to
the translational diffusion coefficient of spectrin.
Fig. 2 shows the measured translational diffusion
coefficients, D,o, of spectrin heterodimers and
spectrin heterotetramers at different spectrin con-
centrations referred to 20 °C by making the usual
temperature/viscosity correction. The Zimm dia-
gram '>2% of spectrin heterotetramers at an ionic
strength (I) of 0.1 M is shown in Fig. 3. Our light
scattering data of spectrin obtained at room tem-
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Fig. 2. The translational diffusion coefficient refer-
ring to 20 °C, D,,, of (a) human spectrin hetero-
dimers (O) in 1 mM Tris.HCI, 0.1 mM EDTA and
0.05 mM dithiothreitol pH 7.3, (b) human spectrin
heterodimers (@) and (c) human spectrin hetero-
tetramers (A) in 100 mM NaCl, 5 mM EDTA,
5 mM p-mercaptoethanol and 10 mM phosphate
buffer pH 7.5.

Table 1. A summary of the human spectrin light scattering data. The symbols are explained in the text.

Human Ionic D3q R, R, Slfain= Rg ¢=R./Rg
spectrin strengthM 10" ''m?/s nm nm R./R, nm

Heterodimers 0.1 1.404+0.05 52402 15+1 29402 22+42¢ 0.7+0.1
Heterodimers * 0.001 1.03+0.08 52402 20+2 38+04 45+5° 0.45+0.05
Heterotetramers 0.1 0.95+0.08 6.6+0.2 2342 35403 60+ 10 04+0.1

“From Ref. 12.
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Fig. 3. Zimm plot for human spectrin hetero-
tetramers in 100 mM NaCl, 5 mM EDTA, 5 mM
B-mercaptoethanol and 10 mM phosphate buffer
(pH 7.5) at 22 °C.

perature are summarized in Table 1. R, was
calculated employing a spectrin heterodimer and
heterotetramer molecular weight of 480000 and
960 000 Dalton, respectively, and a spectrin partial
specific volume of 0.73 ml/g.'°

The translational diffusion coefficient of flexible
worm-like or coil-like molecules cannot be esti-
mated without knowledge of contour length and
the degree of molecular flexibility. However, both
the obtained frictional ratios and the values ¢ are
fully compatible with our earlier conclusion that
spectrin is a highly expanded coil-like or worm-like
molecule.!?!3 Our light scattering data are cer-
tainly not compatible with spectrin being a compact
globular protein. In 1 mM Tris.HCI, pH 7.3 (Fig. 2)
spectrin heterodimer D,, was found to exhibit a
strong concentration dependence. This is consistent
with our earlier classical light scattering study
which also indicated a strong heterodimer-hetero-
dimer interaction in this solution. The D3,-values
(Do extrapolated to zero spectrin concentration)
reported here for spectrin heterodimers and hetero-
tetramers (/=0.1 M) are about 109, lower than
those values reported by Kam et al.'® This small
discrepancy may well be ascribed to the use of
different spectrin isolation and preparation proce-
dures. For spectrin heterodimers in 1 mM Tris.HCI
(pH 7.3) D3, has previously not been reported.

Our classical light scattering measurements of
spectrin heterotetramers (/=0.1 M) indicate that
the spectrin heterotetramers prepared by us have a
length of about 210 nm if the heterotetramers are
stiff rod-like molecules. If the spectrin heterotetra-
mers are worm-like or coil-like molecules, the end-

to-end distance is less than 210 nm, but the contour
length is more than 210 nm.

Kam et al.'° found that R; <8 nm for spectrin
heterodimers and for heterotetramers they state:
“As with the dimer there is little angular dependence
of light scattering”. For heterodimers they!° re-
ported a decrease of less than 10 9 of the intensity
of the scattered light as the scattering angle was
increased from 30° to 150°. The results of Kam
et al.'® therefore imply that also for the hetero-
tetramer R; <8 nm. The relation of our observa-
tions to those of Kam et al.'® remains unclear.
However, a recent electron microscopic study of
spectrin by Shotton et al.2% fully supports our
findings. In addition, it is worth noting that the
results of Kam et al.'® give £21.7 for spectrin
heterodimers and £22.3 for spectrin heterotetra-
mers. Since {~1.3 for compact spheres and ¢<1
for prolate ellipsoids of revolution with axial ratio
larger than about 3, the results of Kam et al.'°
therefore appear to be internally inconsistent.

In Fig. 4 is shown D,, and the relative intensity
of the light scattered at 90°, (I4o/I,), =20 °C, of
spectrin solutions ( =0.1 M, pH 7.5) as the tempera-
ture was raised from room temperature to about
55 °C. From about 35 to 47—48 °C both D,, and
(I90/Io) exhibited some time-dependence. D, in-
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Fig. 4. The translational diffusion coefficient refer-
ring to 20 °C, D,,, of solutions containing spectrin
heterodimers (120 pg/ml) in 100 mM NaCl, 5 mM
EDTA, 5 mM p-mercaptoethanol and 10 mM
phosphate buffer (pH 7.5) at room temperature as
function of temperature (@), and the relative
intensity of the light scattered at 90°, (I40/Io)/-
(I90/I0) =20 0c, normalized to 1 at 20 °C as function
of temperature (A).
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creased and (I40/I,), decreased slowly with time at
constant temperature. Above 49 °C (Iyo/lo), in-
creased and D,, decreased rapidly with time at
constant temperature. The decrease in (Igo/Io), as
the temperature was increased to 47—48 "C was
not accompanied by an increase in the asymmetry
of the light scattering envelope. The data shown
in Fig. 4 therefore indicate that the spectrin hetero-
dimers dissociate into monomers as the tempera-
ture is elevated and that spectrin to a large extent
is monomerized at 47—48 °C. Further increase of
the temperature results in the formation of high
molecular weight aggregates. Brants et al.>” have
previously concluded from calorimetric and circular
dichroism measurements that spectrin exhibits a
sharp structural transition at 49 °C.

Our light scattering data indicate a monomeriza-
tion of spectrin heterodimers (I=0.1 M) when the
temperature is raised to 47—48 °C. The data
reported here are further fully consistent with
spectrin being expanded worm-like or coil-like
molecules and that spectrin can make up a molec-
ular network on the cytoplasmic side of the erythro-
cyte membrane as discussed prevuously.”-8

Acknowledgements. The authors thank Professor
Torbjern Sikkeland for his interest and support.
The technical assistance of Ms. M. Engen is grate-
fully acknowledged. This work has in part been
supported by a grant from “Norges Tekniske
Hogskoles Fond” to A.E.

REFERENCES

1. Marchesi, V. T. and Steers, E. Science 159
(1968) 203.
2. Fairbanks, G., Stech, T. L. and Wallach,
D. F. H. Biochemistry 10 (1971) 2606.
3. Nicolson, G. L., Marchesi, V. T. and Singer, S. J.
J. Cell Biol. 51 (1971) 265.
4. Ralston, G., Dunbar, J. and White, M. Biochim.
Biophys. Acta 491 (1977) 345.
5. Birchmeier, W. and Singer, S. J. J. Cell Biol. 73
(1977) 647.
6. Evans, E. A. Biophys. J. 13 (1973) 941.
7. Elgsaeter, A. and Branton, D. J. Cell Biol. 63
(1974) 1018.
8. Elgsaeter, A., Shotton, D. M. and Branton, D.
Biochim. Biophys. Acta 426 (1976) 101.
9. Fowler, V. and Branton, D. Nature 268 (1977)
23.
10. Kam, Z., Josephs, R., Eisenberg, H. and Gratzer,
W. B. Biochemistry 16 (1977) 5568.

Acta Chem. Scand. A 33 (1979) No. 3

11.
12.
13.
14.

15.
16.

17.

18.

19.
20.
21.
22.
23.
24,
25.
26.
27.

Human Spectrin III 249
Clarke, M. and Griffith, J. Fed. Proc. 31 (1972)
412,

Elgsaeter, A. Biochim. Biophys. Acta 536 (1978)
235. .

Mikkelsen, A. and Elgsaeter, A. Biochim. Bio-
phys. Acta 536 (1978) 245.

Glauber, R. J. In DeWitt, C., Blandin, A. and
Cohen-Tannoudji, C., Eds., Quantum Optics and
Electronics, Gordon Breach, New York 1965.
Cummins, H. Z., Carlson, F. D., Herbert, T. J.
and Woods, G. Biophys. J. 9 (1969) 518.

Berne, B. J. and Pecora, R. Dynamic Light
Scattering, Wiley, New York 1976.

Cummins, H. Z. and Pike, E. R. Photon Correla-
tion and Light Beating Spectroscopy, Plenum,
London-New York 1974.

Cummins, H. Z. and Pike, E. R. Photon Corre-
lation Spectroscopy and Velocimetry, Plenum,
London-New York 1977.

Chu, B. Laser Light Scattering, Academic,
London-New York 1974.

Tanford, C. Physical Chemistry of Macro-
molecules, Wiley, New York 1961.

Kirkwood, J. G. and Rosemann, J. J. Chem.
Phys. 16 (1948) 565.

Dalberg, P. S, Bee, A., Strand, K. A. and
Sikkeland, T. J. Chem. Phys. 69 (1978) 5473.
Raj, R. and Flygare, W. H. Biochemistry 13
1974) 3336.

Gordon, J. P., Leite, R. C. C,, Moore, R. S,
Porto, S. P. S. and Whinnery, J. R. J. Appl.
Phys. 36 (1965) 3.

Zimm, B. H. J. Chem. Phys. 16 (1948) 1093.
Shotton, D., Burke, B. and Branton, D. Biochim.
Biophys. Acta 536 (1978) 313.

Brandts, J. F., Erichson, L., Lysks, K., Schwartz,
A.T.and Taverna, R. D. Biochemistry 16 (1977)
3450.

Received September 4, 1978.



