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Simplified Desalting of
Ligation Reactions Imme-
diately Prior to Electro-
poration into E. coli

BioTechniques 21:1024 (December 1996)

We describe an inexpensive and reli-
able method for removing salt from a
standard ligation reaction before elec-
troporation into E. coli or other bacte-
ria. The method requires minimal ma-
nipulation of the DNA, which is a
significant advantage for ligations in-
volving large DNA fragments.

Since the introduction of the method
in 1988, electroporation to transform
bacteria (1,2) has become the most pop-
ular method for the construction of
DNA libraries, largely because of the
very high efficiencies, which can be
achieved—up to 5 × 1010 transformants
per µg of pUC DNA for some strains of
E. coli. During electroporation, the cells
and DNA are subjected to an electrical
pulse in a standard 0.1–0.2-cm elec-
trode gap cuvette. Since the cuvette is
exposed to an electric field of 10–18
kV/cm, the conductivity of the sample
must be very low to prevent arcing. For
example, a maximum of 0.3–0.5 µL of
a standard ligation mixture (typically
10–50 µL total volume) can be added
directly to 20 µL of electrocompetent
cells before arcing begins to occur. Vari-

ous protocols have been proposed to de-
salt DNA in a small volume, including:
(i) traditional ethanol-precipitation,
rinsing and resuspension (3), (ii) gel fil-
tration on microcolumns (3) or (iii) drop
dialysis through membranes (5).

Here we present an easier and more
direct approach to remove salt from a
ligation reaction, using solidified aga-
rose in a microcentrifuge tube. The
tube is filled with 1.5 mL of molten 1%
agarose in 100 mM glucose, and before
gelling, a 200-µL plastic micropipet tip
is immersed vertically into the surface
of the agarose through a pre-formed
hole in the lid (created for example by
drilling a small hole). After the agarose
solidifies, the tip can be removed to
leave a conical-shaped well of approxi-
mately 30–100 µL volume, depending
on how far the tip has been immersed
into the agarose. The completed liga-
tion reaction is loaded into the “well”
using a micropipet and incubated for 90
min on ice to let the salt diffuse into the
agarose. The liquid mixture is then
carefully removed from the well, and a
portion of it is directly electroporated
into bacteria. 

Table 1 shows typical results for a
ligation reaction where we were prepa-
ring a BAC human genomic library in
an F′ plasmid derived from the vector
pBAC108L (4). This method can also
be used to exchange buffers after a
variety of other reactions such as diges-
tion with restriction enzymes.
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Milligram Quantity
Preparation of RNA from
a Marine Invertebrate
with a High Fluid Content
BioTechniques 21:1024-1026 (December 1996)

Preparation of milligram quantities
of RNA from mesoglea containing ma-
rine invertebrates presents unique diffi-
culties when using the traditional meth-
ods that begin with detergent-based or
guanidinium-based extraction buffers.
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Volume of Ligation Expected Total
Mixture Added to Number of

20 µµL of Number of Transformants from
Electrocompetent Time Constant Transformants per a 20-µµL Ligation

Cells ττ(µµs) Electroporation Reaction

0.25 µL without 3.8 4500 360 000
desalting

0.5 µL without 1.9 (arcing) 15 600
desalting

5 µL after 3.9 110 000 440 000
desalting

10 µL after 3.3 204 300 408 600
desalting

Electroporation conditions were 1800 V, 25 µF and 200 ohm, using a 0.1-cm
gapped cuvette (Bio-Rad, Hercules, CA, USA) and a Bio-Rad Gene Pulsar

apparatus.

Table 1. Transformation of E. coli DH10B Cells with Non-Desalted and Desalted Ligation 
Mixtures



The high-fluid and connective tissue
content of the animal creates fluid vol-
umes of hundreds of milliliters, vol-
umes that make organic extraction or
dilution of salts difficult. Here we ex-
tract RNA and potentially DNA from
an entire 100-g specimen of Beroë ova-
ta using 8 M LiCl directly as the extrac-
tion buffer, after which RNA can be im-
mediately precipitated and resuspended
in a smaller and more manageable vol-
ume 

The body wall of the marine inverte-
brate B. ovata contains giant smooth
muscle cells (40 µm in diameter and up
to 10 cm long) embedded in  a gelati-
nous ectomesoderm, the mesoglea. To
solubilize sufficient cellular material to
obtain milligram quantities of RNA, as
much as 100 g of starting material were
required. The resulting large volumes
were cumbersome for performing or-
ganic extractions, routinely used in pro-
tocols using detergent solubilizations,
and they were similarly too large for
ultracentrifugation or for the dilution of
salts, typically used in protocols using
guanidinium. However, high quantities
of salts can reversibly prevent the ac-
tion of endonucleases by inhibiting
DNA-protein interactions (3), so the
protocol described here uses 8 M LiCl
directly as a solubilization buffer. This
allows a lithium precipitation of RNA
to occur at the very beginning of the
protocol, thus eliminating a large vol-
ume from all further steps.

All salt solutions, glassware and
plasticware were treated as recommen-
ded for RNA preparation (using diethyl
pyrocarbonate [DEPC] and autoclav-
ing) (1,4). Beroë specimens were
drained, weighed and sliced to increase
their surface area. They were immedi-
ately transfered to a 500-cc stainless
steel vessel half-filled with liquid nitro-
gen. A ceramic pestle was used to stir
the freezing mixture and then to finely
grind the material. When the liquid ni-
trogen had completely boiled away, the
freezing mixture was moved into a
fume hood, and the remaining powder
was slowly added using a sterile, re-
served metal spatula to a shatter-resis-
tant plastic Azlon beaker containing
an equal volume of 8 M LiCl + 2% β-
mercaptoethanol pre-cooled to -20°C.
A sterile glass rod was used to gently
stir the fluid if it was too viscous. The

powder should not go into solution im-
mediately and should remain “slushy”.
If necessary, an additional 1/10 volume
of 8 M LiCl was added. The beaker
was sealed using parafilm, and if neces-
sary, the beaker was placed inside a
sealed metal can to prevent escape of
the β-mercaptoethanol vapors. The
mixture was stored overnight at 4°C,
during which time the ice crystals were
found to melt and solubilize.

An advantage to preparing the ani-
mal powder by hand (rather than by
blender) is that with the hand-ground
material, full-length DNA forms an in-
soluble gel at the surface of the beaker
(as much as one third of the solution
may be involved). Once under a fume
hood, this viscous matter was “fished”
off the top of the beaker by tilting the
beaker and “spooling” the DNA with a
glass hook (4). In this way, most of the
DNA and protein insolubles can be
dragged out of the solution and used for
further purification using standard tech-
niques, or it can be discarded into the
β-mercaptoethanol waste.

The first 80 mL of the remaining flu-
id were loaded into two Oak Ridge
tubes (PA, PP, EFTE or FEP) (Nalge,
Rochester, NY, USA), which were cen-
trifuged in an SS-34 rotor (17 000× g)
for 40 min at 12 000 rpm and 4°C. The
supernatant was poured into the β-mer-
captoethanol waste, and another 80 mL
of the solubilized Beroë material were
added to the solid pellet at the bottom of
each tube. The procedure was repeated
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Figure 1. Rapid analysis of total RNA on a
non-denaturing gel. 1% agarose gel electropho-
resis using 1× TAE (4) with ethidium bromide in
the gel was performed using standard molecular
techniques. The samples were denatured at 65°C
just before loading.
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until all the solubilized material (inclu-
ding the precipitated RNA at the bottom
of the beaker) had been pelleted into
the two tubes. The pellets were then
washed with 15 mL of 70% ethanol,
centrifuged and aspirated. They were
dried for 2 min at room temperature and
then resolubilized in a small volume
(10–20 mL) of resolubilization buffer
(0.5% sodium dodecyl sulfate, 100
mM NaCl, 25 mM EDTA, 10 mM
Tris-HCl, pH 7.6). Resolubilization
was facilitated by 3 passes with a glass
homogenizer with a Teflon pestle.

Once the material was resolubilized,
it was extracted five times with phenol
equilibrated with Tris buffer, pH 7.6
(4), once with phenol:chloroform and
twice with chloroform (chloroform was
premixed 24:1 with isoamyl alcohol).
For each extraction, mixing was carried
out by pipetting, and centrifugation
took place at 12°C for 40 min at 12 000
rpm in an SS-34 rotor. The aqueous

phase was removed using a plastic dis-
posable 10-mL pipet. At the end of the
phenol extractions, no insolubles were
visible at the interface.

The RNA was then ethanol-precipi-
tated using 1/10 volume of 3 M sodi-
um acetate, pH 5.2 and 2.5 volumes of
ethanol. The RNA could be stored in
ethanol overnight at -20°C at this point.
The ethanolic mixture was centrifuged
in Corex tube(s) (Corning Costar,
Cambridge, MA, USA) at 4°C for 30
min at 12 000 rpm in an SS-34 rotor and
then washed with 70% ethanol. The last
of the fluid was centrifuged briefly to
the bottom of the tube, and the RNA
was resuspended in 250–500 µL of
DEPC-treated water. The resolubiliza-
tion can be facilitated by warming the
tube in a 55°C water bath, and it was
completed within 3 min. Thereafter, the
labile RNA was used within 3 h in
downstream applications, and the RNA
was kept on ice or frozen until then.

To ascertain the quality of RNA, two
tests were performed, non-denaturing
gel electrophoresis (Figure 1) and a
Northern blot against mouse α-actin
(Figure 2). Non-denaturing gel elec-
trophoresis had the advantages over de-
naturing gel electrophoresis of being
rapid and capable of detecting smaller
quantities of nucleic acid. It should be
noted that the 23S rRNA band has
twice the fluorescent intensity of the
smaller band. The Northern blot shows
that a single, undegraded actin band is
present in the two RNA samples, al-
though the poly(A)-selected RNA has a
more compact band. These results
show that the RNA purified by this
method from B. ovata is both abundant
and intact, despite the fact that the ho-
mogenization has been begun in a sim-
ple lithium chloride solution. 
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Figure 2. Northern blot using total and poly(A)
RNA against mouse αα-actin. Northern blotting
was performed (1) with a 1% agarose Northern
gel containing 1× MESA (1) buffer and 2.2 M
formaldehyde followed by capillary blotting us-
ing 20× SSC (1) and fixation to the membrane by
baking.  Prehybridization was done using Zeta
Probe hybridization membrane (Bio-Rad, Her-
cules, CA, USA) in glass tubes using freshly fil-
tered 0.25 M Na2HPO4, pH 7.2, and 7% sodi-
um dodecyl sulfate for 30 min at 63°C. Overnight
hybridization was identical except for the addi-
tion of probe and 50 µg/mL sheared herring
sperm DNA, which were denatured simultane-
ously by boiling. The 1.1-kb PstI insert from the
mouse α-actin plasmid pAM91 (2) was gel-puri-
fied and labeled with [α-32P]dCTP using a Multi-
prime DNA labeling system (Amersham, Ar-
lington Heights, IL, USA), and the probe was
separated from unincorporated counts using a
Nick Column (Pharmacia Biotech, Uppsala,
Sweden). The added probe registered 2.6 × 109

dpm/µg. Standards were 1541 and 3050 bp.


