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ABSTRACT
We recently described a method for recovering nucleic acids separated from polyacrylamide gels, which is based on
the sensitive on-gel DNA detection with zinc-imidazole followed by passive elution from 32-µm average-size gel
microparticles into the elution buffer. The rationale for the preferential use of DNA micropurified by this method, as
compared to DNA obtained by a conventional method—based on electrophoresis on agarose gels followed by
ethidium bromide staining and UV light visualization—was evaluated. We found that micropurification of two DNA
fragments, a 1.2 kbp DNA encoding the kanamycine resistant gene and the pUC19 vector, by both methods
produced the same, statistically undistinguishable (P = 0.10) number of colonies when used to transform Escheri-
chia coli XL-1 Blue competent cells. However, the number of transformants obtained in the absence of the insert
was significantly lower when the DNA vector was micropurified from the polyacrylamide gel by the zinc-imidazole
method (P = 0.0002), which increased the probability of finding desired recombinant colonies in the cloning experi-
ment. These results encouraged the use of our zinc-imidazole–based technique for high quality micropurification of
DNA and to overcome situations where DNA purified from conventional LGT agarose (e.g., genes for the class 1
outer membrane protein—both intact or with a deletion in loop 5—and Opc-protein from Neisseria meningitidis
866 strain) failed to give rise to recombinant E. coli cells.
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RESUMEN
Comparación de dos métodos de micropurificación de ADN para clonación. Recientemente se describió un
método para la recuperación de ácidos nucléicos separados en geles de poliacrilamida, el cual se basa en la
detección sensible de ADN en el gel mediante zinc-imidazol seguido de la elución pasiva del mismo desde
micropartículas de gel de 32 µm de tamaño promedio hacia el tampón de elución. En este trabajo se evalúa la
racionalidad del uso preferencial de ADN micropurificado mediante este método, en comparación con el uso de
ADN obtenido por un método convencional basado en la electroforesis en geles de agarosa seguida por la tinción
con bromuro de etidio y su visualización con luz ultravioleta. Se encontró que la micropurificación de dos fragmentos
de ADN, uno de 1,2 kpb que codifica el gen de resistencia a la kanamicina y el vector pUC19, mediante ambos
métodos produjo el mismo —estadísticamente indistinguible (P = 0,10)—, número de colonias cuando éstos se
utilizaron para transformar células competentes de Escherichia coli XL-1 Blue. Sin embargo, el número de
transformantes obtenidos en ausencia del inserto fue significativamente menor cuando el vector de ADN fue
micropurificado del gel de acrilamida mediante el método zinc-imidazol (P = 0,0002), lo que aumentó la probabilidad
de encontrar colonias recombinantes en el experimento de clonación. Estos resultados estimularon el uso de la
técnica basada en la tinción con zinc-imidazol para la micropurificación de ADN de alta calidad y para resolver las
situaciones donde el ADN micropurificado convencionalmente de geles de agarosa (ej., genes de la proteína de
membrana externa de clase 1 intacta o modificada en el lazo 5, y la proteína Opc de la cepa 866 de Neisseria
meningitidis), falla en la generación de células recombinantes de E. coli.
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Introduction
The most used method to recover individual DNA
bands separated from agarose electrophoresis gel in-
volves two steps: (i) gel observation under UV-light
illumination after staining with ethidium bromide
(EtBr) and (ii) DNA elution from the gel with the aid
of established procedures [1]. Many cloning proto-
cols based on this method warn of the dangers of
UV-light exposure to the eyes, face, or skin and the
impression emerges that photodamages of DNA is of
minor importance [1]. However, in the last few years
evidence has been accumulated that transillumination
even during a brief period (1.5 min or less) heavily
compromises the integrity and functionality of gel-

separated DNA in a size-dependent manner as pre-
dicted by the target theory [2–6]. It appears there-
fore that this standard micropurification method is not
completely satisfactory, although it is continually used,
perhaps because of its simplicity and adequate sensi-
tivity for many applications.

To avoid this drawback, we have recently devel-
oped a new method for the rapid micropurification of
DNA from polyacrylamide gels. The method uses zinc
and imidazole salts for the sensitive negative staining
of DNA [6], followed by generation of gel micropar-
ticles to promote the rapid passive elution of DNA at
room temperature [7]. As zinc-imidazole negative
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staining does not require exposure of DNA to UV
light, DNA recovered from stained gels is suitable for
use in assays requiring high biological activity. We
investigated here the suitability of our technique for
the non-destructive micropurification of bioactive
DNA, providing better data with respect to the trans-
formation of Escherichia coli with DNA recovered
from transilluminated ethidium bromide-stained gels.

Materials and Methods
Bacterial strains and growth conditions
E. coli XL-1 blue [recA endA1 gyrA96 thi hsdR17 (rk

-

mk
+) supE44 relA1 l- lac (F´pro AB lac Iq ZDM15

Tn10(tet)] [8] competent cells were used for the trans-
formations of recombinants. They were cultured in Luria-
Bertani (LB) medium [1], supplemented with ampicillin
(50 µg/mL), when required, overnight at 37 ºC.

DNA procedures
Plasmid small-scale purification was carried out by the
alkaline extraction method [1]. Routine recombinant DNA
tecnology was performed as described [1]. Briefly, two
plasmids, pUC19 (2.7 kbp) and pUC4K (4 kbp), were in-
dependently digested with BamHI restriction enzyme to
generate a linear pUC19 vector and a DNA fragment of
1.2 kbp (termed insert) corresponding to the kanamycine
resistant gene. The digestion samples were separated on
independent parallel lanes of a 1% low-gelling-tempera-
ture (LGT) agarose electrophoresis gel and then precisely
localized by transillumination with 312-nm UV light for
1.5 min (or less) after staining the gel with ethidium bro-
mide as usual [1]. Electrophoresis was carried out at 70 V
constant voltage in the standard Tris-acetate-EDTA buffer,
and was stopped when the bromophenol blue reached the
gel bottom. In-solution DNA recovery was performed with
the phenol-chloroform method [1] followed by ethanol pre-
cipitation. Next, the linear pUC19 plasmid was dephos-
phorylated by treatment with alkaline phosphatase [1] to
avoid possible transformation with vector DNA molecules
without insert (false positives) obtained in the ligation re-
action, which would undoubtedly increase the probability
of finding a colony with the desired insert (true positive).
Finally, the gel-purified DNA fragments were left under
standard ligation conditions [1] and 5 or 10 ng of the li-
gated DNA were used to transform E. coli XL-1 Blue
competent cells. Alternatively, the same experiment was
repeated except that the DNA was electrophoresed on a
5% polyacrylamide gel [1], negatively stained with zinc-
imidazole [6] and subsequently recovered by rapid pas-
sive elution from gel microparticles [7] followed by ethanol
precipitation [1].

Cloning experiments with different vectors
and inserts
For cloning experiments the following four plasmids
were employed: pM-80 [9], pM-82 [10], pM-107 [11]
and pBlueScript II KS+ (Stratagene, USA). pM-80
and pM-82 plasmids were digested with XbaI–BamHI
and used as background for the cloning of different
variants of the porA gene of Neisseria meningitidis,
which were digested with the same restriction en-
zymes. pM-107 plasmid was digested with XbaI–BamHI
and used to clone the opc gene of N. meningitidis,
also digested with the same restriction enzymes.

pBlueScript II KS+ plasmid was digested with EcoRV
and used to clone the streptokinase gene.

After the electrophoresis on a 5% polyacrylamide
gel [1] both, vectors and inserts, were purified by the
zinc-imidazole–based method [7] and ligated under
standard ligation conditions [1]. The ligated DNA was
used to transform E. coli XL-1 Blue competent cells.

Statistical analysis
The existence of a statistically significant effect of the
staining method, DNA quantity, and vector:insert ratio
on the results of the cloning experiment was determined
by multi-factor analysis of variance (MANOVA) using
the Statistica for Windows Release 4.2 package
(StatSoft, Inc., USA).

Results and Discussion
Both DNA purification methods produced the same,
statistically undistinguishable (P = 0.10) number of
transformants (Tables 1 and 2) regardless of the sepa-
ration matrix type (agarose, polyacrylamide) and
on-gel DNA visualization method (EtBr + UV tran-
sillumination or zinc-imidazole). This result would in
part be influenced by such manifold variability-asso-
ciated parameters involved throughout the cloning ex-
periment, as the use of different enzyme and competent
cell batches.

Table 1. Results of cloning experiments with DNA recovered from agarose gels stained
with ethidium bromide and visualized with UV light.

Quantity of
ligated DNA used
to transform cells

5 ng 10 ng

Vector:insert ratio
in the DNA
ligation reaction

1:3 1:7 1:3 1:7

I 532 (1.06, 0.81) 318 (0.63, 0.48) 564 (0.56, 0.45) 774 (0.77, 0.62)
II 334 (0.66, 0.61) 294 (0.58, 0.53) 356 (0.35, 0.37) 570 (0.57, 0.59)
III 275 (0.55, 0.51) 482 (0.96, 0.90) 718 (0.71, 0.51) 756 (0.75, 0.54)
Range 275–774 (0.35–1.06;0.37–0.90)
Grand Ave 498 (0.68, 0.58)

Values are the number of transformants followed by the transformation frequency x10-2 and the stimulation
factor in parenthesis, obtained for three independent experiments (I, II, III). The range of all values for the
same DNA purification method (Range), and the average of these values (Grand Ave) are also shown. The
stimulation factor was calculated as the ratio of the number of transformants contained on LB-ampicillin
plates, which were obtained when the vector was ligated in the presence of the insert, relative to that
in the absence of the insert (Table 3). Vector:plasmid pUC19 linearized by digestion with BamHI.
Insert: DNA fragment of 1.2 kbp encoding the kanamycine resistant gene, generated by digestion of the
plasmid pUC4K with BamHI. After micropurification from agarose stained with ethidium bromide, DNA
fragments were dephosphorylated, ligated and used to transform E. coli XL-1 Blue competent cells.

Table 2. Results of cloning experiments with DNA recovered from polyacrylamide gels stained
with the zinc-imidazole method.

Quantity of ligated
DNA used to

transform cells
5 ng 10 ng

Vector:insert ratio in
the DNA ligation

reaction
1:3 1:7 1:3 1:7

I 258 (0.51, 32.25) 265 (0.53, 33.13) 406 (0.40, 18.45) 404 (0.40, 18.36)
II 550 (1.10, 1.69) 708 (1.42, 2.17) 1476 (1.48, 2.94) 1208 (1.21, 2.41)
III 348 (0.69, 2.13) 1000 (2.00, 6.13)  674 (0.67, 2.92) 2324 (2.32, 10.06)

Range 258–2324 (0.40–2.32, 1.69–33.13)
Grand Ave 802 (1.06, 11.05)

Values are the number of transformants followed by the transformation frequency x10-2 and the stimulation
factor in parenthesis, obtained for three independent experiments (I, II, III). The range of all values for the
same DNA purification method (Range), and the average of these values (Grand Ave) are also shown. Values
were obtained as described in Table 1 except that DNA fragments were recovered from polyacrylamide gels
stained by zinc-imidazole method.
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It is worth noting, however, that the number of
transformants obtained in the absence of the insert
(Table 3) was significantly lower when the DNA vec-
tor was purified by the zinc-imidazole–polyacrylamide
method (P = 0.0002), which would increase the prob-
ability of finding desired recombinant colonies in the
cloning experiment. Some relevant factors influencing
the different steps, which might explain these differ-
ences, are described below.

First, the number of colonies selected after trans-
formation of cells with the BamHI-digested DNA
vector—linear DNA is not efficient in its ability to
transform competent E. coli cells—was significantly
lower (P = 0.004) when the zinc-imidazole–based pu-
rification method was used (Table 4, first row).

Second, the number of transformants obtained after
cell transformation with the DNA vector digested with
BamHI and purified by gel electrophoresis, in the pres-
ence (or not) of T4 DNA ligase was significantly higher
(P = 0.018) when the zinc-imidazole–polyacrylamide
method was used (Table 4, second row). Although not
verified in this work, some known causes for a lower
efficiency of the T4 ligase enzyme to ligate the digested
DNA vector purified from EtBr-UV–treated agarose
as the following should not be discarded: (i) fragmenta-
tion or modification of the DNA vector induced by UV
light, which could hinder recognition of the T4 ligation
site and (ii) co-elution of impurities from the agarose
gel that are able to inhibit T4 ligase activity.

These results have encouraged the use of our zinc-
imidazole–based technique for the high quality purifica-
tion of DNA for subsequent cloning experiments (Table
5), especially in situations where DNA purified from
conventional LGT agarose may fail to induce transfor-
mation of E. coli cells. It is to be described that compe-
tent cells transformed with the resulting plasmids were
capable of growing in media containing kanamycine, in-
dicating the functionality of the protein that confers the
resistance to the antibiotic (data not shown). Each new
construct described in Table 5 was verified by either
restriction analysis with appropriate enzymes or se-
quencing through both sides of the ligation junction (data
not shown). In particular, expression of all the porin-
based N. meningitidis mutants in E. coli W3110 accounted
for more than 20% of the total cellular proteins (data not
shown), as checked by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and Western blotting us-
ing monoclonal antibodies against class 1 subtypes P1.16
[12] and P1.19 [13]. The examined examples include a
wide range of DNA sequences, suggesting that this tech-
nique should be applicable to DNA from other sources.

In summary, it was demonstrated that zinc-imida-
zole negative staining of DNA fragments separated
from polyacrylamide gels followed by enhanced elu-

Table 3. Analysis of transformants obtained in cloning experiments performed in the absence
of the insert.

A B
Experiment
number

DNA from agarose
stained with ethidium

bromide

DNA from gel stained
by the zinc-imidazole

method

Ratio
A:B

5 ng 10 ng 5 ng 10 ng 5 ng 10 ng

I 656 (1.31) 1246 (1.25) 8 (0.01) 22 (0.02) 82.00 56.64
II 552 (1.10) 962 (0.96) 326 (0.65) 502 (0.50) 1.69 1.92
III 534 (1.07) 1398 (1.40) 163 (0.32) 231 (0.23) 3.28 6.05
Range 552–1398 (0.96–1.40) 8–502 (0.01–0.65) 1.69–82

Grand Ave 891 (1.18) 209 (0.29) 25

Values of A and B are the number of transformants followed by the transformation frequency x10-2,
obtained for three independent experiments (I, II, III). The range of all values for the same DNA purification
method (Range), and the average of these values (Grand Ave) are also shown. Vector:plasmid pUC19
linearized by digestion with BamHI. After micropurification from agarose stained with ethidium bromide
or from polyacrylamide gels stained with zinc-imidazole, the DNA vector recovered was dephosphorylated
and ligated. An amount of 5 ng or 10 ng of the ligated DNA was used to transform E. coli XL-1 Blue
competent cells.

Table 4. Statistical analysis of factors affecting the different steps of the cloning experiment.

Factor Polyacrylamide gel stained
by zinc-imidazole method

Agarose gel stained
with ethidium bromide

Probability
for equal means

Contaminating
native DNA vector 342a 1009a 0.004

T4 DNA ligase
activity 12.8b 6.1b 0.018

aValues are the number of transformants obtained after transformation of cells with 5–10 ng BamHI-digested
DNA vector purified by gel electrophoresis. Values represent the average of six independent experiments.
bValues are the ratio of the number of transformants obtained after transformation of cells with BamHI-digested
DNA vector purified by gel electrophoresis and ligated with T4 ligase, relative to that obtained without T4
ligase treatment. Values represent the average of six independent experiments.

Table 5. Cloning experiments with DNA recovered from zinc-imidazole stained gelsa.

Vector Size
(kbp) Insert Size

(kbp)
Stimulation

factorb
Transformation

frequency (x10-2)

pM-82 4.2
porA(P1.16)

porA(P1.19,15)
porA(P1.16∆5)

1.1
1.15
1

18
12
12

4.4
6.0
0.4

pM-107 4.75 opc 0.75 28 1.4

pM-80 3.9 porA(P1.16)
porA(P1.19,15)

1.1
1.1

3
40

0.1
3.0

pBlueScriptR II KS(+) 2.96 sk 1.3 25 3.2
aVectors pM-80, pM-82, pM-107 and pBlueScript II KS+ and all of the inserts were purified by the zinc-
imidazole–based method [7]. Values represent the average of two independent experiments. porA(P1.16),
porA(P1.19,15), porA(P1.16∆5) and opc are the genes for: the class 1 outer membrane proteins from the 866
strain; from the B385 strain; from the 866 strain with a deletion in loop 5 and Opc-protein from N. meningitidis,
respectively. sk: Gene for recombinant streptokinase.
bThe stimulation factor was calculated as the ratio of the number of transformants contained on LB-ampicillin
plates, which were obtained when the vector was ligated in the presence of the insert, relative to that in the
absence of the insert.

tion from gel microparticles can be used as a suit-
able alternative for the recovery of DNA in situa-
tions requiring maximum retention of DNA biological
properties.
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