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Zonal Ultracentrifuge for the
Separation of Ribosomal Subunits

Abstract. Ribosomal subunits were
prepared by means of the Anderson
zonal ultracentrifuge. With this tech-
nique it is possible to separate more
than 300 milligrams of subunits with
complete resolution in a single run, as
compared with about 2 milligrams with
conventional rotors. Superior resolution
is achieved in the zonal ultracentrifuge,
affording possibilities for the detection
and preparation of minor ribosomal
components.

The quantity of fractionated ribo-
somal subunits which may be conven-
iently prepared by the conventional
method of zone centrifugation in swing-
ing buckets or in fixed-angle rotors
imposes a severe limitation to the study
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Fig. 1. The effect of loading on the frac-
tionation of ribosomal subunits by zone
centrifugation. The gradients of 10 to 25
percent sucrose with 0.001M tris, pH 7.6,
were centrifuged for 19 hours at 25,000
rev/min (Spinco SW25 rotor) at 0°C.
The direction of sedimentation is from
right to left: (a) 2 mg; (b) 6 mg; (c) 8
mg; and (d) 16 mg.
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of the structure and the function of
ribosomes. Our results show that with
the Anderson zonal ultracentrifuge (/)
the number of subunits prepared in a
single run may be increased by a fac-
tor of at least 100, with resolution
of remarkable quality.

Figure 1 shows how the quantity of
dissociated reticulocyte ribosomes (2,
3) centrifuged in a single bucket of
the Spinco SW25 rotor affects the qual-
ity of the separation between the sub-
units. Under these conditions it is ap-
parent that mutual contamination of
the two subunits occurs with a loading
of more than 2 mg on the gradient.
The conventional rotors of somewhat
greater capacity which attain similar or
greater centrifugal fields (such as Spin-
co SW 25.2, Spinco 30, MSE 40) do
not substantially facilitate the prepara-
tion of subunits.

The capacity of the Anderson zonal
ultracentrifuge rotor is 1760 ml. On
this basis one would expect to be able
to separate larger quantities of mate-
rial. A second important difference be-
tween the zonal and conventional rot-
ors is that, in the former, loading the
sample at the beginning and unloading
the gradient at the end of the run oc-
cur while the rotor is centrifuging at
5000 rev/min. Diffusion of the sample
which may cause appreciablec band
broadening when the rotor is at rest
(4) is therefore minimum.

A typical fractionation of 200 mg
of reticulocyte ribosomal subunits is
shown in Fig. 2. The sample (4 mg/
3 ml) was applied in 0.1M sodium
ethylenediaminetetraacetate (EDTA),
pH 7.6, to a gradient, linear with re-
spect to radius, of 10 to 25 percent
sucrose containing 0.01M sodium ace-
tate. The gradient was layered over a
cushion of 35 percent sucrose, and
the sample was layered with water.
Centrifugation was carried out at 40,-
000 rev/min for 6 hours at 5°C. The
gradient was then displaced by a con-
centrated sucrose solution and moni-
tored at 290 my in a 1-cm flow cell
with a Beckman DB recording spectro-
photometer. Fractions (40 ml) were
collected, and the refractive indexes
were measured to determine the den-
sity. The recovery of ribosomes was
found to be 182 mg as judged by the
optical density pattern. Over 300 mg
of dissociated ribosomes have been
fractionated with complete resolution
of the two subunits by this method.

The purity of the isolated subunits
has been established within the limits

Density (20°C)

Fraction number

Fig. 2. Fractionation of 200 mg of rabbit
reticulocyte ribosomal subunits. First a
cushion of 35 percent sucrose and then the
gradient was pumped into a Spinco B-1V
zonal rotor at 3000 rev/min (modified
Spinco Model L). The 200-mg sample of
dissociated ribosomes was then layered
onto the gradient at 5000 rev/min, and
the sample was layered with water. The
rotor was accelerated to 40,000 rev/min
and the run was continued for 6 hours.
The rotor was then decelerated to 5000
rev/min; the gradient was pumped out
through a flow cell and the optical density
was measured. All operations were carried
out at 5°C. The direction of sedimenta-
tion is from left to right.

of the analytical centrifuge (Spinco
model E), ultraviolet optics being
used. Furthermore, the RNA which
may be isolated from the subunits is
undegraded, the larger subunit yielding
only 30S RNA and the smaller sub-
unit 195 RNA, the values which have
previously been attributed to the two
species of reticulocyte ribosomal RNA
2.

It is anticipated that the superior
resolution of the subunits which may
be obtained will facilitate the search for
minor components (such as messenger
RNA, and complexes of messenger and
transfer RNA bound to the ribosomal
subunits) which may be revealed by
biological assays.
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Chester Beatty Research Institute,
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