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Velocity sediinentation of cells 
T. G. Pretlow and T. P. Pretlow 

Velocity sedimentation provides a variety of methods for the separation of cells according to their rates 
of sedimentation. Many approaches are available. 

S E DIMENTATION in a continuous gradient 
is an ideal analytical or preparative 
method for the separation of molecules 
and particles according to their physical 
properties . The two most widely used 
forms of sedimentation are isopycnic and 
velocity sedimentation . Isopycnic, or 
density equilibrium, sedimentation is 
carried out with a sufficient product of 
force and time to permit the material 
being centrifuged to arrive at its intrinsic 
density in the gradient. Velocity sedi
mentation separates particles by their 
rates of sedimentation and is used for the 
characterization of macromolecules' . 

We shall address the velocity sedimen
tation of "cells" , recognizing that what is 
said is also applicable to organelles, 
viruses , fragments of ore, and other par
ticles. The description of sedimentation 
tor cells is simpler than that for molecules 
in that shape, degree of hydration, dif
fusion, and charge become negligible for 
these larger particles'. The equation for 
sedimentation is 
v = drdt -' = a' (Dp - Dm)w'r18rf' 
when v = the velocity of sedimentation , r 
= the distance of the cell from the center 
of revolution, t = duration of sedimenta
tion, a = diameter of the cell , D p = density 
of the cell, D m = density of the medium or 
gradient at the location of the cell, w = 
angular velocity (speed of centrifugation), 
and ri = viscosity of the medium at the 
location of the cell. With small modifica
tions for the absence of a density gradient 
in elutriation or for the use of unit gravity 
instead of a centrifugal field, this descrip
tion of sedimentation is applicable to all 
techniques of velocity sedimentation . 

Cells have two physical properties that 
determine simultaneously their rates of 
sedimentation: density and diameter. 
While cells can be separated according to 
density by isopycnic sedimentation , no 
method of sedimentation permits the 
separation of cells according to diameter. 
The most successful techniques for velo
city sedimentation differ from older tech
niques in that the gradients employed 
have small slopes (gml·'cm ') and are of 
lower density . The optimal design of such 
gradients has been discussed' . 

There are four commonly employed 
approaches to the separation of cells by 
velocity sedimentation: counterstreaming 
centrifugation or elutriation'·6, sedimenta
tion in a reorienting zonal rotor', sedimen
tation at unit gravity in either fixed"·' or 
reorienting'° 11 chambers, and isokinetic 
sedimentation". The first two techniques 
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Fig. I Devices that are commonly used for velo
city sedimentation . Density gradients are 
represented by variable shading. Rapidly sedi
menting and slowly sedimenting cell popula
tions are represented in the devices for com
parison. a, Device containing a gradient for the 
separation of cells at unit gravity' ·' ·". b, 
Chamber for elutriation' ·'. c, Tube with 13-cm 
gradient for isokinetic sedimentation'·". d, 
Cross-section of a reorienting zonal rotor'. 

are best suited for the separation of 10'-10' 
cells; the last two techniques , 10''" cells. 
All of these techniques can be used under 
sterile or nearly sterile conditions. Iso
kinetic sedimentation and sedimentation 
at unit gravity are the easiest techniques to 
use under sterile conditions because all of 
the equipment required for these tech
niques can be autoclaved . Isokinetic sedi
mentation requires only equipment that is 
available in most laboratories, and the 
equipment required for sedimentation at 
unit gravity is inexpensive and commer
cially available. Both elutriation and sedi-

mentation in a reorienting zonal rotor 
require particular centrifuges with expen
sive , specific kinds of rotors. 

The most common pitfalls encountered 
in the use of velocity sedimentation result 
from a lack of familiarity with sedimenta
tion artefacts' . In particular, the loss of 
purity that occurs when the band capacity 
is exceeded appears not to be widely 
appreciated. Other drawbacks arise from 
discontinuous gradients'" or gradients 
that are suboptimally designed'. 

Improvements in velocity sedimenta
tion are likely to occur both in the design 
of apparatus and in the design of specific 
applications . The resolution that is avail
able with current apparatus is generally 
more than adequate for particles that are 
as heterogeneous as mammalian cells. To 
improve the apparatus, the steeper' " cen
trifugal field (force per centimetre) that is 
obtained as the gradient is moved closer to 
the centre of the centrifuge may be 
exploited. Because the wall effect artefact 
increases toward the centre of the centri
fuge, this approach would be more 
rewarding in zonal rotors and perhaps in 
elutriators than in parallel-walled tubes. 
Care must be taken not to position 
parallel-walled tubes too close to the 
centre of revolution because the wall 
effect becomes quite severe. Mixing more 
than one gradient medium to form a 
gradient with a viscosity which remains 
constant or decreases with increasing den
sity could improve the technique. D 
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