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Limiting Law for Boundary
Spreading in Zone Centrifugation™

VERNE N. SCHUMAKER

DEPARTMENT OF CHEMISTRY, MOLECULAR BIOLOGY INSTITUTE,
UNIVERSITY OF CALIFORNIA, LOS ANGELES

Summary

The superimposed density and viscosity gradient required in zone centri-
fuge experiments will create a gradient of sedimentation velocity which in
many cases may offset the spreading of the zone due to diffusion. Equations
are developed which show that, as a first approximation, the limiting shape
of the sedimenting zones of macromolecules will be gaussian.

Precise determination of sedimentation coefficients by zone
centrifugation has been demonstrated for virus particles (1), pro-
teins (2), and nucleic acids (3,4). Zone techniques have been suc-
cessfully employed in analytical as well as preparatory centrifuga-
tion (4-6). With the development of the zonal centrifuge (7), the
separation as well as the characterization of relatively large quan-
tities of macromolecular components appears feasible (8). Because
resolution of the various components during separation procedures
depends upon the width as well as the location of the migrating
zones, we have become interested in the factors which govern the
spread of these zones.

As a first approximation to this problem, we have decided to
neglect any convective disturbance which would cause additional
spreading in systems in which it occurred. Factors which might
create convection, such as droplet sedimentation (9), the turn-over
effect (10), or nonradial tube shape, are assumed to be absent, and
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the migration of the zones is calculated from the sedimentation and
diffusion of the individual macromolecules.

In calculating band width, it becomes important to consider the
gradient in viscosity and density which will always accompany a
gradient in the concentration of the supporting solute, and which
will cause a variation in the sedimentation coefficient of the macro-
molecules throughout the length of the centrifuge tube. In this
paper we are interested in the state of affairs which will exist when
a sizable variation in the velocity of the sedimenting particles is
involved. In this case there will be a change in the sedimentation
velocity of the macromolecules across the width of the migrating
zone. If this change is large and negative it will balance the effects
of diffusion and limit the width of the zone. It is readily shown that
the sharpening effects of a small variation in sedimentation coeffi-
cient are quite great and can override even a rather large diffusive
tendency. To a first approximation the resulting zones will be
gaussian in shape, and the limiting width will be a function of the
molecular weight of the macromolecules.

To develop equations for this effect we shall first write the ex-
pression for the sedimentation velocity, V

{1 —9p] ne
[1—Tpo] (L

In Eq. (1), the symbol s, is the sedimentation coefficient of the
macromolecules in water at 20°C, w is the angular velocity of the
centrifuge, r is the distance from the axis of rotation, © is the
partial specific volume of the macromolecules, p is the density of
the solution and of p, that of water at 20°, and % and 7, are the
viscosities of the solution and of water at 20°C.

The migrating zone will spread due to diffusion. At the same
time it will tend to sharpen, because of the sedimentation gradient.
As the zone broadens, the rate of boundary spreading due to diffu-
sion decreases, while the sharpening effect to the sedimentation
velocity gradient increases. Eventually the latter will equal the
former, and an equilibrium distribution will be reached. When
this occurs, we may equate at any point within the spreading
boundary the mass flow due to diffusion and due to the sedimenta-
tion gradient:

V = sp0?r =——=
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where we have used a new symbol, x, to denote the distance from
the center of the migrating zone to any position within the migrat-
ing zone.

Solving Eq. (2) for the concentration at any point within the
migrating zone, ¢, with respect to the concentration at the center
of the migrating zone, ¢, yields the following expression:

c _ [1aV] ,
P ([D ar] x) (3)

where, as a first approximation, 9V/ar is assumed to be a negative
constant.

The exponent in Eq. (3) can be seen from Eq. (1) to be a function
of s/D, and hence a function of the molecular weight of the macro-
molecules. Therefore, the limiting shape of the migrating zone is
that of a gaussian curve, and the standard deviation will be in-
versely proportional to the square root of the molecular weight of
the macromolecules.

The sharpening caused by the sedimentation gradient may be
very great if the latter is deliberately chosen to maximize this effect.
We suggest that the resolving power of zone centrifugation might
be considerably enhanced by this means in order to fractionate
materials which are reasonably close in sedimentation coefficient.
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