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ABSTRACT

We describe a quick and versatile method for the isolation of DNA from
agarose gels. The DNA is electrophoresed into a trough containing hydroxyapa-
tite, where it is bound. The hydroxyapatite is taken out and the DNA eluted
with phosphate buffer. By putting the hydroxyapatite on a small column of
Sephadex G50, elution and subsequent removal of phosphate can be performed in
one step. The DNA recovered can be used equally well in enzymatic incubations
as DNA not purified through agarose gel electrophoresis. Several applications
of this technique are described.

INTRODUCTION

Agarose gel electrophoresis is an essential technique for the

fractionation of DNA fragments according to length (1,2). Some-

times it is necessary to isolate specific DNA fragments from

these agarose gels for further study, e.g. redigestion with

restriction endonucleases for physical mapping, in vitro

labelling by nick-translation or terminal labelling with poly-

nucleotide kinase for hybridization studies or sequence analysis.

Several techniques for the recovery of DNA from agarose gels
have been described (3-10). With most procedures we have en-

countered difficulties when the isolated DNA fragments were

subsequently used in enzymatic assays, probably due to inhibi-

tion by residual traces of agarose. We have therefore worked

out a technique that can be applied to DNA fragments irrespective
of their length. A small trough is cut out in the agarose gel
just in front of the fluorescent DNA band and filled with hydroxy-

apatite. By further electrophoresis the DNA is trapped in the

hydroxyapatite. The hydroxyapatite is removed, poured on top of

a small column of Sephadex G50 and the DNA eluted with phosphate

buffer. The DNA-ethidium complex can be followed by its fluores-

cence on UV irradiation and it recovered free of phosphate.
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METHODS AND MATERIALS

DNA preparations

DNA preparations were isolated according to standard published

procedures: phage PM2 DNA (10), phage lambda DNA (11), rabbitDNA

(12); P6G1 DNA, a recombinant plasmid containing part of the

rabbit 0-globin gene (13) was a gift of Prof. C. Weissmann (In-

stitute fur Molekularbiologie, University of Zurich, Switzerland)
In vitro labelling of DNA by nick-translation was carried out as

described in ref. 12.

Restriction endonuclease digestions

The source and incubation conditions for the endonucleases

PstI, EcoRI, KpnI and HindIII are given in ref. 12. HaeIII was

bought from New England Biolabs and used in an incubation mix-

ture consisting of 10 mM MgCl2, 7 mM mercaptoethanol, 90 mM Tris-

HC1 (pH 7.9).

Gel electrophoresis

Conditions for gel electrophoresis are described in ref. 12.

This involves an apparatus for horizontal slab gels, designed by

Dr. W. Schaffner (of the Institute fur Molekularbiologie II, Univer-

sitat Zurich; currently at the Cold Spring Harbor Laboratory,

USA), in which the gel makes direct contact with the electropho-

resis buffer without the use of wicks (details may be obtained

from Dr. W. Schaffner). The electrophoresis buffer contained

40 mM Tris-acetate, 20 mM Na-acetate, 1 mM EDTA and 0.5 pg/ml
ethidium bromide (pH 7.7). DNA bands were visualised by illumi-

nation with an UV lamp (366 nm).

Transfer of DNA to nitrocellulose filters

Transfer of DNA from agarose to nitrocellulose filters was

carried out by the 'blotting' procedure of Southern (14) with

modifications as described in ref. 12.

Materials

Agarose was from Sigma; hydroxyapatite (Bio-Gel HTP) from

Bio-Rad Laboratories.

RESULTS

To illustrate the method, we have reisolated the intact cir-
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cular DNA fraction of phage PM2 DNA from a horizontal agarose

slab gel of the type described in Methods. Fig. la shows the

separation of intact and broken circular DNA and linear phage

PM2 DNA. In front of the intact circular fraction a narrow

trough of 1-2 mm width was cut out of the gel with a sharp scal-

pel. The troughs were filled with hydroxyapatite suspended in

electrophoresis buffer. Excess buffer drains away between glass

plate and agarose gel (Fig. lb). The completely filled troughs

can be covered with plastic foil to prevent evaporation. By con-

tinuing the electrophoresis, the DNA is electrophoresed into the

hydroxyapatite where it is bound (Fig. lc). The hydroxyapatite-

containing DNA is carefully removed with a pasteur pipette (Fig.

Id) and suspended on top of a bed of Sephadex G50, equilibrated

with electrophoresis buffer, in a pasteur pipette. The DNA is

eluted from the hydroxyapatite with 1 M Na phosphate buffer and

can be followed by the fluorescence of the ethidium-DNA complex

on illumination with UV light (Fig. le). The DNA-containing

fractions, free of phosphate used for the elution, were pooled

and electrophoresed again (Fig. lf). Only a small amount of

broken circles and linear DNA is found, indicating that the DNA

can be isolated intact with this technique. To study the recovery
of the procedure we have used pOG1 plasmid DNA, which has been

linearized with endonuclease HindIII, and labelled in vitro with

32P-deoxynucleotidesby nick-translation. Electrophoresis was

carried out without carrier P6G1 DNA and with a 10- and 100-fold

excess of unlabelled linear P6G1 DNA present. About 80% of the

input DNA is recovered in the void volume fractions of the Sepha-
dex columns, irrespective of the amount of carrier PSG1 DNA added

(Table I). The remaining 20% is lost, as a result of incomplete
recovery of hydroxyapatite from the agarose troughs and incom-

plete elution from the hydroxyapatite on top of the Sephadex
column (Table I). Both experiments indicate that DNA can be iso-

lated from agarose gels with this procedure undegraded and in

good yields.
DNA preparations obtained with this procedure are free from

contaminants that inhibit further incubations with enzymes. This

is demonstrated in Fig. 2 where untreated phage lambda DNA and

phage lambda DNA purified through agarose gel electrophoresis
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Fig. 1. Isolation of the intact circular phage PM2 DNA fraction from an aga-

rose gel. Phage PM2 DNA was electrophoresed in a 1% agarose gel in three
lanes (10 pg/slot). In front of the intact circular DNA fraction in two lanes
a small trough *as cut out with a scalpel. The trough was filled with hydroxy-
apatite (b). Electrophoresis was continued till the intact circular DNA frac-
tion in the third lane had passed the trough (c). After removal of the hydro-
xyapatite, hardly any fluorescence is left in the trough (d). The DNA is

eluted with phosphate buffer and the phosphate removed on a Sephadex column.
In (e) such an elution is shown where the DNA is in the column. The middle
lane in (f) shows the quality of the reisolated intact circular phage PM2 DNA
fraction flanked by the original phage PM2 preparation as two concentrations.
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TABLE I

32
RECOVERY OF P-LABELLED P8G1 DNA FROM AGAROSE GELS

Fraction Radioactivity (cpm)

Slot 1 Slot 2 Slot 3 Slot 4

1. P6G1 DNA bound to hydroxyapatite
taken from the trough - 8.408 10.070 9.295

2. Agarose gel block containing DNA that
would have reached the trough 9.720 - - -

3. Agarose boundaries of the trough con-
taining residual hydroxyapatite
crystals - 1.119 896 908

4. Void volume fractions of Sephadex
elution - 6.791 7.556 7.575

5. Hydroxyapatite taken from top of
Sephadex column - 1.215 1.377 1.126

6. Total recovery of radioactivity
(summation of lines 3-5) - 9.125 9.830 9.609

7. % of DNA found in the void volume
fractions of the Sephadex column - 81 75 81

PSG1 plasmid DNA was cut with endonuclease HindIII into linear molecules and
in vitro labelled with 32P by nick-translation as described in ref. 12. Sam-
ples were electrophoresed in a 1% agarose gel. In lane 1: 0.1 pg 32P-labelled
P6G1 DNA; lane 2: 0.1 pg 32P-labelled P6G1 DNA; lane 3: 0.1 pg 32P-labelled
P6G1 DNA and 1 pg linear P6G1 DNA; lane 4: 0.1 pg 32P-labelled PSG1 DNA and
10 pg linear P6G1 DNA. Radioactivity was measured by Cerenkov counting of the
different fractions. Lane 1 was used to measure the input radioactivity. No
trough was made in this lane and a piece of agarose was cut out from the gel
including the fluorescent P6G1 DNA band and covering the distance migrated
from the original position where in the other lanes the troughs.were cut out.
From the other lanes the DNA was isolated as described for Fig. 1. The reco-
very was calculated from the radioactivity found in the void volume fractions
of the Sephadex column (line 4) and the input radioactivity (line 1).

are fragmented with several restriction endonucleases. With both

DNA preparations a limit of digestion is reached with the same

amount of restriction enzyme. DNA preparations are also easily

labelled in vitro to high specific activity by nick-translation

(not shown).

Fractionation of the DNA from complex genomes

This method can be successfully applied to the recovery of

restricted-DNA from organisms which have large genome sizes. In

the case of mammalian DNAs, cleavage with a given restriction
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Fig. 2. Fragmentation of phage lambda DNA, isolated from agarose gels, with
different restriction endonucleases. In lanes a the control phage lambda DNA
is shown. In lanes b the DNA preparation isolated from agarose gels is shown.
The restriction endonucleases used are PstI (1), HindIII (2), EcoRI (3) and
HaeIII (4).

endonuclease generates about 1 million DNA fragments. Fractiona-

tion of these fragments by agarose gel electrophoresis gives

therefore a smear of DNA of various molecular weights. In the

case of a single-copy gene the band cannot be visualized direct-

ly but can be detected by hybridization, either in solution

(15) or by use of in situ 'blotting' (14) in conjunction with a

sensitive hybridization system (16,12). To recover size-fractio-

nated DNA from such complex mixtures either sophisticated con-
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tinuous electrophoresis apparatus has been used (Southern, E.M.,

personal communication (15); or time-consuming extraction of

agarose slices (17).

We have applied the hydroxyapatite method to the partial pu-

rification of a DNA fragment containing a single-copy mammalian

gene, in this case the rabbit 6-globin gene. 5 mg of rabbit DNA

cleaved with endonuclease KpnI was applied to a 0.7% agarose gel

(20 x 20 x 3 cm deep) in a 10-ml solution of 0.3% agarose so that

the DNA-agarose formed a gel in the loading slot (12 x 0.4 x 2.6

cm deep). In the 0.7% gel two additional rows of staggered slots

(0.2 x 0.5 x 2.8 cm deep) were made by setting up a double comb-

type slot former perpendicular to the loading slots (Fig. 3).The

rabbit DNA was electrophoresed to give the desired fractionation (Fig.

4a). The perpendicular slots were then filled with hydrox apatte, the
gel rotated 900 and the DNA electrophoresed into the hydroxyapa-

tite (Fig. 4b). This step takes from 24-48 h with a gel of these

a b c

00
00

00

Fig. 3. Diagram of the upper surface of a gel used for two-dimensional elec-

trophoresis-hydroxyapatite recovery of DNA shown in Fig. 4. a) Slot for mar-

ker DNA digest; b) double row of slots for hydroxyapatite; c) loading slot.
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dimensions at 250 mA, 25 V. After the DNA was adsorbed to the hydroxy-

apatite, the hydroxyapatite was removed from the perpendicular slots

and layered onto columns of Sephadex G50 and the columns were washed

with 10 mM Tris-HCl (pH 7.5). The DNA was eluted with 400 pl of

either 0.6 M sodium phosphate buffer or 0.5 M EDTA (pH 7.5) and

recovery was monitored by following the fluorescence of the

ethidium-DNA complex on UV irradation. This simple method makes

it possible to fractionate a gel (about 40-50 slots) in a few

hours (in practice we elute 20-25 columns at a time). The frac-

tions obtained were analysed by agarose gel electrophoresis (Fig.

5) which shows that the DNA has been fractionated into discrete

size classes. The DNA from this gel was then denatured and

transferred to a nitrocellulose filter which was hybridized with

32P-labelled rabbit cDNA-plasmid p8Gl to detect the globin

genes. Fig. 6 shows an autoradiogram of the filter on which can

be seen that the 5.1 kb KpnI a-globin DNA fragment which hybri-

dizes with the probe, is restricted to a few fractions.

Estimation of the amount of DNA recovered in these fractions

shows that the a-globin gene is about 20-40-fold purified by

this method, which brings the frequency of S-globin gene-con-

taining fragments into a range in which molecular cloning is

feasible.

DISCUSS ION

A number of methods have been described for isolation of

nucleic acids from gels (3-10): salt extraction of homogenized

gel slices, electrophoresis into a dialysis bag, preparative gel
electrophoresis with continued elution, dissolving agarose in

NaClO4 and removal of agarose by hydroxyapatite chromatography,
dissolving agarose with agarase, dissolving the agarose slice

in KI followed by equilibrium density centrifugation, extrusion

of DNA from frozen agarose gel slices. Most of these methods

have their limitations: some are time consuming or need special
equipment; nucleic acid preparations are sometimes contaminated

with traces of gel material or their usefulness is limited to

DNA of low molecular weight.
The procedure described here has been successfully used for

some time for several purposes. No problems were encounteredwith

subsequent restriction enzyme digestions or in vitro labelling

2329



Nucleic Acids Research

gD

2330



Nucleic Acids Research

::..;. .t:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ...

Fig. 6 Detection of DNA fragments containing the rabbit S-globin DNA in the

samples analysed in Fig. 5. The gel in Fig. 5 was soaked in alkali to denature

the DNA (14) and then the DNA was transferred to a nitrocellulose filter as

described in ref. 14. The filter was hybridized with 32p-labelled P~Gl DNA at

650C in 3 x SSC as described (12). The filter was washed extensively and the

remaining labelled components on the filter detected by autoradiography. The

two outermost slots show the hybridized marker bands (phage lambda DNA,.48 kb;

P~Gl DNA x HindIII, 5.6 kb; PSGl DNA x EcoRI x AvaI x HindIII, 2.3, 1.5, 1.2

and 0.65 kb; see ref. 12).

techniques and many DNA samples could be processed in a short

time. The recovery of the DNA is acceptably high and independent

of the amount of nucleic acid processed. The technique may be

useful for the isolation of DNA fragments to be sequenced by the

Gilbert-Maxam procedure (18) and for the enrichment of DNA frag-

ments for molecular cloning.
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