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Selected Run Conditions for Optimizing the Separation
of␣ RNA␣ Using Centrifugation in Either a Preparative Floor
or␣ Tabletop Instrument

Introduction
In the area of centrifugation, one of the most fre-
quently asked questions in preparing a separation is
how to identify the run conditions (speed, time, and
temperature) for a specific rotor. Information of this
type not only serves to minimize run times but also
limits the amount of time a material is in solution—
a situation where the presence of contaminants can ad-
versely affect the viability and/or structure of a sample.
This bulletin presents a series of tables that reference
optimum run conditions for separating RNA using
various rotor and tube combinations for both the pre-
parative floor and tabletop ultracentrifuges.

Optimum run conditions for separating RNA
were determined both experimentally and through the
use of a simulation software program. The simulation
program, ESP™ (Efficient Sedimentation Program
available on the Optima™ XL Series Ultracentrifuge
from Beckman), contains all the necessary informa-
tion for determining optimum run conditions using a
combination of rotors and tubes. ESP takes the rotor
dimensions and tube geometries and models the posi-
tion of the RNA, with respect to the redistribution of
a CsCl gradient, as a function of time (see Beckman
publication DS-755A for more details on ESP).
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Close agreement between experimental runs
and simulated predictions using RNA demonstrates
the accuracy of the simulation program and provides
a means of determining run conditions using various
rotor and tube combinations.

Figure 1. RNA isolation from mouse liver.
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Method
The conventional protocol for separating RNA em-
ploys a step gradient formed by layering a homoge-
nate containing the RNA over a cushion of CsCl.
The RNA is then spun until pelleted. Variations in
the protocol rely on a different ratio of homogenate
to cushion. The goal of each procedure is to pellet
the RNA and separate it from the presence of DNA
(which forms an isopycnic band) or protein (which
appears at the surface).

ESP™ predicts pelleting times for RNA ranging
from 1-3 kb in length. The two simulation protocols
are 1) a 3/4-volume aqueous tissue/cell homogenate
of 1.01 g/mL layered over a 1/4-volume CsCl
cushion of 1.7 g/mL (5.7 M) and 2) a 2/3-volume
tissue/cell homogenate of 2.91 M CsCl layered over
a 1/3-volume cushion of 5.7 M CsCl. The 3/4-volume
homogenate or “high-speed” protocol offers the
advantage of providing faster run times. The
2/3-volume homogenate or “high-purity” protocol
offers the advantage of providing RNA in higher
purity. ESP models RNA pelleting in the presence
of a hypothetical contaminant of chromosomal DNA
(2 kbp for a high-speed protocol and 10 kbp for a
high-purity protocol) that forms an isopycnic band.
Run conditions are at 20°C.

The following protocol provides an example
of a step-wise approach for isolating RNA using a
high speed protocol*:
1. To a fragment of tissue or pellet of cells, add

5 volumes of the following solution (a volume of
20 mL was used for each gram of mouse liver):

4 M guanidinium isothiocyanate
5 mM sodium citrate (pH 7.0)
0.1 M β-mercaptoethanol
0.5% Sarkosyl

2. Layer the homogenate mixture onto a 1/4 tube
length cushion of 5.7 M CsCl in 0.1 M EDTA
(pH 7.5) in the appropriate tube.

3. Centrifuge at 20°C for the appropriate speed
and time (see accompanying tables for conditions
using specific rotors and tubes). During centrifu-
gation, the RNA forms a pellet on the bottom of
the tube, the DNA bands in the CsCl gradient,
and the protein floats on top of the gradient.

4. Aspirate the supernatant, invert the tube, and
dry the walls of the centrifuge tubes thoroughly.
After cutting off the bottom of the tube contain-

ing the RNA pellet, dissolve the pellet of RNA
in:

10 mM Tris-HCl (pH 7.4)
5 mM EDTA
1% SDS

5. Extract once with a 4:1 mixture of chloroform
and 1-butanol and transfer the aqueous phase to
a fresh tube. Re-extract the organic phase with an
equal volume of:

10 mM Tris-HCl (pH 7.4)
5 mM EDTA

Combine the two aqueous phases.
6. Add 0.1 volume of 3 M sodium acetate (pH 5.2)

and 2.2 volumes of ethanol. Store at -20°C for
at least 2 h. Recover the RNA by centrifugation
at 12,000 rpm for 15 min in a microfuge.
Lyophilize the pellet.

7. Dissolve the pellet in 1 mL of water and
reprecipitate with ethanol. Store the RNA in
70% ethanol at -70°C.

Results
The following tables provide run conditions (speed
and time) for various rotor and tube combinations in
both the preparative floor and tabletop ultracentri-
fuges. Separations are at 20°C. The rotors are lim-
ited to swinging bucket configuration since they
represent the rotor of choice for isolating a pellet.

Table 1 compares experimental with predicted
pelleting times for RNA (mouse liver) using an
SW 41 Ti. Results are shown to compare favorably
over a range of tube geometries and sizes. Table 2
evaluates the scope of the ESP algorithm by com-
paring predicted with calculated pelleting times for
three sizes of RNA (ribosomal 5S, 16S, and 23S)
using an SW 41 Ti. Calculated pelleting times were
determined by taking the sum of the pelleting times
in both a 1.01 g/mL aqueous and 1.70 g/mL (5.7 M)
CsCl medium. Pelleting times for the aqueous layer
were determined using the equation:

t = k/s
where t is the calculated pelleting time,

k is a measure of rotor efficiency,
k = ln(rmax/rmin)/ω2 × 10-13/3600, and
s is the sedimentation coefficient of the
material in the solution of interest.

Pelleting times in CsCl were determined by first
measuring the sedimentation coefficients of each of
the three rRNA species in CsCl and then using the
above equation in the calculation. The sedimentation
coefficients of the 5S, 16S, and 23S species in water
were measured in 5.7 M CsCl as 4.7S, 6.5S, and 9.1S,
respectively, using a velocity protocol at 260 nm on

* This work was originally presented in Beckman publication
DS-743. The major difference with that protocol and the one
reported here is the presence of CsCl in the homogenate.
A representative picture of the separation is shown on page 1.
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an Optima™ XL-I Analytical Ultracentrifuge from
Beckman. Pelleting times in CsCl were converted
from the An 60 Ti (used in the XL-I) to the SW 41 Ti
using the equation:

k1/t1 = k2/t2
(see Beckman publication DS-719 for more details
on k-factors). Two sets of rmin and rmax values were
used to reflect the 3/4 and 1/4 volumes used in the
rate zonal protocol.

A further test of the prediction algorithm was
made by selectively pelleting the 23S component
from a mixture of ribosomal RNA. The material
was run in an SW 41 Ti using a 13.2 mL tube for
6:33 hours with a speed reduction of 39.7–35.5 krpm.
To show that a contaminant of DNA remains
banded during the run, a separate sample of calf
thymus DNA was run under identical conditions.
Figure 2 provides results from the RNA separation.
The pellet shows a clear presence of the 23S compo-
nent while the supernatant shows only the presence
of the remaining components. (Data were measured
optically at 260 nm and are depicted graphically as
peaks using the time derivative analysis of the sedi-
mentation velocity profiles.) The DNA formed a

visible band at approximately 3/4 the tube length
and produced a negligible absorbance at the tube
bottom.

Table 3 provides predicted run conditions for
other preparative rotor/tube combinations. Table 4
provides predicted run conditions for rotor/tube
combinations found in the tabletop ultracentrifuge.

Discussion
Run conditions (speed/time) for a specific rotor are
usually communicated by word of mouth or through
an article dealing with a similar separation scheme.
Questions arise when a different rotor is introduced
or an article is unavailable as a reference. Under
these circumstances, run conditions can usually be
estimated from the “k-factor calculation” which
takes the speed and time from a “known” rotor and
calculates the run time from a given speed for an
“unknown” rotor by equating the relative centrifugal
force of the two. This is not a universal approach,
however, and problems can occur when dealing with
precipitating salts such as CsCl.

When running a separation using CsCl, it is
critical to keep the salt from precipitating out and

Table 1. Comparison of Experimental with Predicted Run Conditions for Pelleting RNA in a
Floor Model Ultracentrifuge Using a Dilute CsCl Homogenate over a CsCl Cushion

Experimental1 Predicted2

SW 41 Ti3 Open-Top, 13.2 mL 14 hrs @ 30 krpm 14:33 @ 36.9-29.4 krpm
    g-Max™, 5.9 mL 4-8 hrs @ 41 krpm 05:31 @ 41-38.5 krpm
    g-Max konical™, 4.0 mL 4-8 hrs @ 41 krpm 09:01 @ 41-31.6 krpm

 1 Experimental results are based on a 3/4 homogenate of 2.4 M CsCl layered over a 1/4 cushion of 5.7 M CsCl.
 2 Predicted results are based on a 2/3 homogenate of 2.91 M CsCl layered over a 1/3 cushion of 5.7 M CsCl and are based on a typical

mRNA fragment of 2 kb.
 3 All tubes are QuickSeal and/or round-bottom unless otherwise indicated.

Table 2. Comparison of Calculated with Predicted Run Conditions for Pelleting RNA in a
Floor Model Ultracentrifuge Using an Aqueous Homogenate over a CsCl Cushion1

Calculated2 Predicted3

SW 41 Ti Open-Top, 13.2 mL
    5S rRNA (0.1 kb) 29:18 @ 37.8 krpm 33:04 @ 39.7-35.1-39.2 krpm
   16S rRNA (1.5 kb) 11:31 @ 37.8 krpm 11:04 @ 39.7- 35.1-36.2 krpm
   23S rRNA (3.0 kb) 08:00 @ 37.8 krpm 06:33 @ 39.7-35.1 krpm

 1 The protocol used a 3/4 aqueous homogenate of 1.01 g/mL layered over a 1/4 cushion of 1.7 g/mL (5.7 M) CsCl.
 2 Calculated results were determined by taking the sum of the pelleting times (t = k/s) in both aqueous buffer and CsCl cushion.
 3 The apparent increase in rotor speed reflects the change in the redistribution of the CsCl as it moves from forming a steep gradient to a

more shallow gradient.
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Figure 2. Isolation of the 23S component of ribosomal RNA using predicted run conditions (Table 2)
for an SW 41 Ti with a 13.2 mL tube. The 23S species was collected as a pellet; the remaining
components were isolated from the supernatant. Sedimentation coefficients (s*) were measured in
aqueous buffer (TE) at 20°C.

Table 3. Predicted Run Conditions for Pelleting RNA Using Two Separate
Rate Zonal Protocols in a Floor Model Ultracentrifuge1,2

High-Speed High-Purity

SW 60
Open-Top  4.2 mL 04:31 @ 58.2-49.5 krpm 07:01 @ 54-39.9 krpm
konical™  2.9 mL 06:31 @ 59.7-43.7krpm 10:31 @ 55.5-35.3 krpm

SW 55
Open-Top  5.2 mL 04:02 @ 53 krpm 06:01 @ 49.5-44.8 krpm
konical  3.1 mL 06:31 @ 59.7-43.7 krpm 08:01 @ 50.7-39.4 krpm

SW 28
Open-Top  38.6 mL 15:11 @ 27.1 krpm5 23:14 @ 25.2 krpm
QuickSeal®  14.7 mL 06:04 @ 28 krpm5 07:36 @ 28 krpm
konical  28.7 mL 18:39 @ 27.4 krpm5 27:10 @ 25.4 krpm
konical  8.5 mL 07:33 @ 28 krpm5 09:32 @ 28 krpm

 1 Results are based on a typical mRNA fragment of 2 kb.
 2 All tubes are QuickSeal and/or round-bottom unless otherwise indicated.
 3 Results are based on a 3/4 aqueous homogenate of 1.01 g/mL layered over a 1/4 cushion of 1.70 g/mL (5.7 M) CsCl.
 4 Results are based on a 2/3 homogenate of 2.91 M CsCl layered over a 1/3 cushion of 5.7 M CsCl.
 5 A DNA fragment of 2 kbp is predicted to form an isopynic band near the tube bottom using the 3/4:1/4  protocol

with this tube.
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Table 4. Predicted Run Conditions for Pelleting RNA Using Two
Rate Zonal Protocols in a Tabletop Ultracentrifuge1,2

 High-Speed High-Purity

TLS 55
QuickSeal  2 mL 03:00 @ 55 krpm 04:00 @ 55 krpm
Open-Top Thick-Walled  1.4 mL 02:30 @ 55 krpm 03:30 @ 55 krpm

 1 Results are based on a typical mRNA fragment of 2 kb.
 2 All tubes are round bottom unless otherwise indicated.
 3 Results are based on a 3/4 aqueous homogenate of 1.01 g/mL layered over a 1/4 cushion of 1.70 g/mL (5.7 M) CsCl.
 4 Results are based on a 2/3 homogenate of 2.91 M CsCl layered over a 1/3 cushion of 5.7 M CsCl.
 5 A DNA fragment of 2 kbp is predicted to co-pellet with the RNA using the 3/4:1/4 protocol for the tubes shown.

potentially damaging a rotor or a centrifuge.
This is usually accomplished by running the
rotor below the speed at which the salt pre-
cipitates. Although rotor bulletins provide
precipitation curves that relate speed to solu-
tion density, these curves are designed for a
homogeneous solution and not a layered mix-
ture of two dissimilar densities, i.e., condi-
tions encountered in RNA separations. Identi-
fying appropriate run conditions can be
further complicated when considering differ-
ent tube combinations, each of which can also
affect the likelihood of precipitation.

ESP™ was developed as a way of predict-
ing optimum run conditions for pelleting RNA
over a wide variety of rotor and tube combina-
tions. ESP accomplishes this by calculating
the movement of three components in solu-
tion: 1) RNA, ranging in size from 1-3 kb;
2) A hypothetical contaminant of chromo-
somal DNA; and 3) CsCl.

Movement of each component is moni-
tored as a function of speed and considers
the geometry of different rotor and tube
combinations. The program starts out at the
maximum rated speed of the rotor (less if the
overall solution density exceeds the limit of
the rotor/tube combination selected) and, in a
sequence of steps, reduces the speed of the
rotor just prior to the precipitation of CsCl.

 A second part of ESP allows the program
to store up to 10 ESP optimized protocols and
use these to run the instrument on the basis of
the predicted estimates. The ability of ESP to
run the instrument assures that the speed
reduction occurs automatically without any
intervention. In this manner, RNA can be
separated in a minimum amount of time.

Two RNA protocols are commonly em-
ployed: 1) “high-speed” (3/4-volume aqueous
homogenate) and 2) “high-purity” (2/3-vol-
ume CsCl homogenate). The high-speed pro-
tocol is more generally used and provides a
faster separation. The high-speed protocol
carries with it one caveat, namely that any
DNA present as a contaminant can co-pellet
with RNA in certain rotor/tube combinations.
The reason for pelleting is that, over time, the
CsCl cushion can diffuse into the larger body
of aqueous homogenate, resulting in a more
shallow gradient with the gradient density de-
creasing below the density of DNA. There-
fore, when using the high-speed protocol, it is
usually a good idea to retrieve the RNA pellet
at close to the predicted time to prevent DNA
contamination. This potential co-pelleting be-
havior is not observed with the high-purity
protocol. With the high-purity protocol, the
CsCl present in the homogenate helps main-
tain a steep gradient and prevents DNA from
co-pelleting. The high-purity protocol re-
quires longer run times but provides a cleaner
separation.

The results presented in the accompany-
ing tables compare experimental and predicted
RNA isolations under various conditions.
Table 1 presents experimental and predicted
results for RNA in different tube sizes using a
dilute CsCl homogenate and a CsCl cushion.
Experimental results were determined by stop-
ping the run at different times to establish opti-
mum run times. Empirical pelleting times were
determined using a high-speed protocol with
dilute CsCl included in the homogenate. Re-
sults are shown to compare favorably with pre-
dicted values from a high-purity protocol.
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As shown in Table 2, pelleting times between
calculated and predicted results compare favorably
over a range of RNA sizes using an aqueous homo-
genate and a CsCl cushion. Two points worth noting
are 1) the larger fragments provide faster separation
times, and 2) the apparent increase in rotor speed dur-
ing the course of the run. The apparent change in the
rotor speed reflects the change in the redistribution of
CsCl. As the potential for CsCl precipitating decreases
with a more diffuse gradient, the rotor adjusts with an
increase in speed.

Table 3 includes values of predicted run condi-
tions for the preparative floor ultra-centrifuge using
additional rotor and tube combinations with either a
high-speed or high-purity protocol. Run conditions
for the SW 28 with konical tubes predict that the
DNA will band very close to the tube bottom. Table
4 includes values of predicted run conditions using
a tabletop ultracentrifuge for the TLS-55 using two
different tube sizes with either a high-speed or high-
purity protocol. The high-speed protocol predicts that
DNA will co-pellet with RNA.

Although tube size is often a deciding factor in
making a run, it is worth noting that tube properties
can also affect a separation. Tube properties are of-
ten overlooked and can offer unique advantages as
part of a separation; e.g., UltraClear™ tubes are
transparent and allow for easier sample viewing;
konical tubes are shaped to concentrate a pellet for

easier recovery; and g-Max™ tubes, which are smaller
in pathlength, can generate higher centrifugal forces
and lead to faster run times (see Beckman publication
DS-709B for more details on g-Max tubes).

The predicted ESP™ run conditions included in
the tables above are based on a reduction algorithm
that ensures an optimum RNA separation in a mini-
mum amount of time. These tables are intended to
be illustrative. A more complete rotor and tube li-
brary is available as part of the ESP™ program on
the preparative floor model Optima™ XL ultracentri-
fuge.
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