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INTRODUCTION

Plasmids are pieces of extra-
chromosomal DNA found in
bacteria. They exist in double
stranded, closed cucular form,
and they carry genes which
convey a variety of traits to the
organism, such as antibiotic
resistance. Because plaswmids are
easy to handle and manipulate,
they are utilized extensively mn
the cloning of genes and in the
study of molecular biology.

To clone a gene using a plas-
mid as either the vector or the
source of the gene 10 be cloned
(e.g., anabiotic resistance),
plasmids of high purity must be
obtained. The most common
technique for this purification is
cesium chloride (CsCl)/ethidium
bromide (EB) centrifugation.’?
This technique has been in use
since the 1950s.® Although the
fundamentals of the technique
have remained unchanged,
advances In rotor design and an
increased understanding of
centrifugal theory* have led to
better control over experimental
conditons and significanty
reduced spin tmes.

Plasmid isolation in CsCl gra-
dients waditonally have been
accomplished in swinging buck-
et rotors for'72 1o 96 hours.>
With the introduction of vertical
rotors by SORVALL centri-
fuges in the late 1970s, these
spin imes were reduced signifi-

canly. Dr. Clarence Kado,
University of California, Davis,
has described 2 procedure for
preparation of a pure plasmid in
the SORVALL TV-865 vertical
rotor in 12 hours, or more con-
veniently, overnight® In this
paper, we describe the use of the
step-run feature of SORVALL
ultraspeed cenuifuges to further
reduce spin times. Also, by
layering the DNA sample to be
purified onto a CsCl cushion
(laycred sample technique),
rather than starting with 2 homo-
geneous CsCl/ethidium bromide/
DNA solution, plasmid isolation
Spin times can be completed
within half a day.

Below are several procedures
utlized in our laboratory for
isolating the plasmid pRH43
from E. coli.

PROCEDURE

An E. coli colony harboring
plasrmd, pRH43, is grown to an
OD,, = 0.5-0.9 in LB broth.
Chloramphenicol (0.2 ug/mL) is
added to amplify DNA growth
with further incubation. Cells -
are harvested in a 250 L tssue
culture tube by spinning in a
SORVAILL RC-3B+ centrifuge
at 2,861 rpm (2119 x g) for 10
minutes at 20°C with the H4000
swinging bucket rotor. The cells
are lysed by the boiling method
using a final concentration of
1 mg/mL lysozyme. The cellular

*Tradarask of E. I, du Pomt d¢ Nanows & Campony, bne.
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debris is removed by centrifug-
ing the viscous solution at
15,000 rpm (33,000 x g) for 15
minutes at 20°C in a SORVALL
RC-5C (SA-600 rotor). The
nucleic acids are then precipi-
tated by mixing the supematant
with an equal amount of isopro-
panol followed by freezing at
-20°C for one hour. Precipitated
DNA 1s pelleted at 12,000 rpm
(21,000 x g) for 15 min. at 4°C
in an SA-600. The pellet is re-
suspended in 4 mL .01 M Tris
pH 8.0, then incubated for 30
min. at 37°C with a 2 mg/mL
RNase. The solution is extracted
twice with an equal volume of

phenol followed by two extrac- o
tdons with 24:1 chloroformiiso-
amyl alcohol. A final precipita: "

ton step is accomplished by
adding three dmes the volume of
ethanol and freezing at -70°C for
one hour. The plasmid is col-
lected by centnfuging at 15,000
rpm (33,000 x g) for 15 min. at
4°C in an SA-600 rotor. The
pellet is resuspended in 500 ul of
0.01 M Trs, 0.5 M EDTA, pH

8.0 (TE) buffer and stored at
-4°C,
ENSIT ADIE EN-
A

Standard Protocols - The

. DNA sample (500 ) in TE
buffer is brought to a total
volume of 4.0 mL with TE
buffer. 400 pl EB (10 mg/
mL) is added, followed by
4.4 gm of solid CsCl. After

mixing, the refractive index , «¢

ism = 1.3865 (325 givml)
The solution is loaded into
an Ultracrimp™ tbe (P/N
03945), overlayed with min-
eral oil, and is sealed with
the ultracrimp tool. The tube
is spun overnightina TV-
863 rotor at 45,000 rpm at
20°C in a SORVALL ultra-
speed centrifuge. The DNA
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bands'are visualized under
long wave UV light.

Step-Run - The samples are
prepared and loaded into the

Ultracrimp ultraspeed cen-
trifuge tubes as described
above for the standard proto-
col. The SORVALL ‘ultra-
speed centrifuge is pro-
grammed to spin the TV-865
rotor for three hours at
57,000 rpm followed by
three hours at 45,000 rpm at
20°C.

Layered Sample - The CsCl

_cushion is prepared by mix-

ing 3.5 mL TE buffer, 360)_.1;:» :

EB (10 mg/ml) and 4 4 gr
CsCl. This solution is added
to the Uluacrimp wbe. To
500 pl of the DNA sample, /.
add 40 pl EB (10 mg/mlL). )~
Gently layer the DNA/EB ™
sample on top of the CsCl
cushion o the Ultracrimp
tube. Top off with mineral
‘'oil and seal the tube with the
Ultracrimp tool. Spin the
sample in the TV-865 rotor
for three hours at 57,000 rpm
at 20°C.

FIGURE 1: Standard protocol spuncvernight
a145,000;pm

doo3

RESULTS

The banding pattern for chro-
mosornal (top band) and plasmid
(bottom band) DNAs in a typical
overnight run at 45,000 rpm in
the TVY-865 verncal rotor is
shown in Figure 1. The bands
are well spaced, ensuring easy
DNA removal, yet tight enough
to allow recovery of the DNA in
the minimal amount of volume.
The banding pattern obrained for
a six hour step-run, (Figure 2)

FIGURE 2: Step-run, three hours 3157,000
rpmfollowed by three hours a145,000 rpm

(theee hours at 57,000 rpm fol-
lowed by three hours at 45,000
rprm) is similar to that seen for
the single speed overnight spin.
Figure 3 illustrates the results
seen when using the layered
sample technique. A banding
pattern sirrular 1o that seen in the
typical overrught run was ob-
tained in only three hours, spin-
ning at 57,000 rpm.

DISCUSSIQN

The cenaifugavon time in the
TVY-865 vertical rotor can be re-
duced significantly by utilizing
the step-run technique. The re-
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FIGURE 3: Leyered samplethreehours
3157,000rpm

sults obtained by this method are
similar to those obtained using
the traditional overnight iso-
pycnic run in one half to one
third the time. By initally
spinning the rotor at a rapid rpm,
the banding of the DNA is accel-
crated, and the subsequent
slower spin pre- serves the
shallow gradient pro-

viding good resolution of the
DNA species. Using this tech-
nique, the separation of the DNA
obtained by spinning overnight
at 45,000 rpm can be marched in
six hours, This procedure re-
quires no change in preparation
of the gradients. The step
change in timc and speed is
easily programmed into the
SORVALL ultraspeed centrifuge
and takes place automatically.
Usingboth the delayed start and
step-run feawres of the
SORVALL ultraspeed centri-
fuge, runs can be set up to meet
the lab’s schedule. For example,
the run can be programmed to
start in the rmuddle of the night,
The step change occurs auto-
matically before dawn and the
run is finished in the morning.
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The step-run and delayed start
features cxtend the life of the
centrifuge and the rotor, saving
the lab money and time.

To further reduce spin time,
the layered sample technique has
been developed. This technique
requires a little extra work in
preparing the sample for centri-
fugation, but utilizing it can re-
duce spin time in the vertical
rotor to as little as three hours.
By layering the sample on top of
the CsCl in a discrete zone, the
DNA is allowed to enter the
forming gradient during centrifu-
gaton as a band, with the more
dense plasmid band migrating
faster than the less dense chro-
mosomal band. Figure 3 shows
the resolution of plasmid and
chromosomal DNAs obtained
using the layered sample tech-
nique following a three hour spin
at 57,000 rpm. It requires a litde
extra effort to prepare the lay-
ered sample, but once the proce-
dure is established, it can be in-
corporated into the laboratory’s
routine plasmid preparations re-
sulting in significant time sav-
ings, while freeing up the centri-
fuge for other experiments.

N ION

Although a variery of tech-
niques have been established
over the years to isolate plasrmud
DNA, density gradient centrifu-
gatdon remains the method of
choice. The biggest drawback
with CsCVEB centrifugation has
been the long spin times. Be-
sides extending the ime required
to obtain a pure sample, the ex-
cessive spin tme ties up equip-
ment for days, and adds hours of
wear and tear to the centrifuge
and rotor. Using the Du Pont
SORVALL verucal rotor, TV-
865, and the ultraspeed centri-

@oo4

fuge step-run feature, plasmid
1solations on CsCl gradients can
be completed within a conven-
ient working day. No change is
required in the gradient recipe,
yet spin tmes can be reduced to
one third of the time required for
a standard run. By altering the
preparaton of the sample and
using the layered sample tech-
nique, spin tirae can be reduced
to only three hours. Although-
this does require 8 change in the
sample preparation procedure, a
significant time savings can be
realized when using this tech-
nique. By using either of these
techniques, laboratory productiv-
ity is incyeased while the life of
the rotors and instrument are
extended.
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