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SSuummmmaarryy
Transformation of bacteria with plasmids is widely used for
molecular cloning of the genes and other purposes. To enable
naked DNA to enter the cells, either bacteria are made “com-
petent” by treatment with calcium chloride, or electroporation,
which requires expensive equipment, is used. As an alternative
to these methods, we have investigated cationic lipids and zwit-
terionic surfactants for their ability to carry plasmids into bac-
terial cells. For transformation studies, overnight Escherichia
coli cultures were suspended in calcium chloride solution; na-
ked or complexed plasmids with lipids and surfactants were
mixed with prepared bacteria and incubated either on ice or at
37˚C for various time periods. After washing the samples with
phosphate buffer (pH 7.4), Luria Bertani (LB) medium or 5%
(w/v) bovine serum albumin (BSA) solutions, pellets were ino-
culated on LB agar. Among the factors evaluated for transfor-
mation of bacteria, the best results were obtained with the
complex DNA-cationic lipid-zwitterionic surfactant, incubati-
on on ice for one hour, and treatment with BSA wash solution.
Complexing plasmids with lipids and surfactants and washing
with BSA solution may promise easy and rapid means to trans-
form various types of bacteria.

KKeeyy  WWoorrddss :: Bacterial transformation, cationic lipids, Esc-
herichia coli, plasmid DNA, zwitterionic surfac-
tants.
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EEsscchheerriicchhiiaa  ccoollii  TTrraannssffoorrmmaassyyoonnuu  iiççiinn
AAllttrreennaattiiff  HH››zzll››  BBiirr  YYöönntteemm

ÖÖzzeett
Bakterilerin plazmitlerle transformasyonu genlerin moleküler
klonlanmas› ve di¤er amaçlar için s›kl›kla kullan›lmaktad›r.
Ç›plak DNA

,
y› hücrelere sokabilmek için bakteri kalsiyum klo-

rür ile muamele edilerek, “kompetan” hale getirilir veya  paha-
l› ekipman gerektiren elektroporasyon kullan›lmaktad›r. Biz bu
yöntemlere alternatif olarak katyonik lipitlerin ve zwitteriyonik
sürfaktanlar›n plazmitleri bakteri hücrelerine tafl›yabilme yete-
neklerini araflt›rd›k. Transformasyon çal›flmalar› için, bir gece-
lik Escherichia coli kültürleri kalsiyum klorür çözeltisi içerisin-
de süspande edilmifl; ç›plak veya lipit ve sürfaktanlarla komp-
lekslefltirilmifl plazmitler haz›rlanm›fl bakteri ile kar›flt›r›lm›fl ve
buz üzerinde veya 37˚C 

,
de çeflitli zaman aral›klar›nda inkübe

edilmifltir. Örneklerin fosfat tamponu (pH 7.4), Luria Bertani
(LB) besiyeri veya %5 (a/h) s›¤›r serum albumini (BSA) çözel-
tileriyle y›kanmas›ndan sonra, pelletler LB agar üzerinde ino-
küle edilmifltir. Bakteri transformasyonu aç›s›ndan de¤erlendi-
rilen bu faktörler aras›nda en iyi sonuçlar DNA-katyonik lipit-
zwitteriyonik sürfaktan kompleksi, buz üzerinde bir saat inkü-
basyon ve BSA y›kama çözeltisi ile muamele edilerek elde edil-
mifltir. Plazmitlerin lipitlerle ve sürfaktanlarla komplekslefltiril-
mesi ve BSA çözeltisi ile y›kanmas› çeflitli bakteri tiplerini trans-
forme etmek için kolay ve h›zl› yollar olarak umut vericidir.

AAnnaahhttaarr  KKeelliimmeelleerr :: Bakteri transformasyonu, katyonik lipit-
ler, Escherichia coli, plazmit DNA, zwit-
teriyonik surfaktanlar.

IINNTTRROODDUUCCTTIIOONN

Recombinant DNA technology is an effective way of
creating organisms with specific genetic attributes.
With the discovery of DNA transformation, in
which a gene from one type of cell can be transfer-

red to another type of cell, prokaryotic or eukaryotic
systems were developed as useful expression sys-
tems for various purposes in molecular biology and
biotechnology1. Although transformation experi-
ments in bacteria were started much earlier, transfer
of genes into eukaryotic cells for gene therapy has
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tidyl ethanol amine) ] (1:1 w/w) (ESCORT™) was
obtained from Sigma Chemical Company (St. Louis,
USA). Zwitterionic surfactant Zwittergent®3-08 (n-
octyl-N,N-dimethyl-3-ammonio-1-propane sulfona-
te) was obtained from Calbiochem (USA). Lambda
DNA, Hind III-digested, DNA fragment size marker
and bovine serum albumin (BSA) were purchased
from Sigma Chemical Company (St. Louis, USA).
Escherichia coli pBluescript® plasmid (3 kb) was ob-
tained from Stratagene (USA). All other chemicals
used were reagent grade (Sigma Chemical Com-
pany, St. Louis, USA).

MMEETTHHOODDSS

PPllaassmmiidd  DDNNAA  IIssoollaattiioonn

Plasmid DNA  pBluescript®, which carries an ampi-
cillin resistant gene and β-galactosidase gene α-sub-
unit, was selected as a model vector. The plasmids
were amplified in XL-1 Blue strain of Escherichia co-
li. Bacteria containing plasmids were grown over-
night, and the plasmids were isolated by alkaline
lysis method2 and purified using multiple phe-
nol/chloroform extractions. DNA was then precipi-
tated by ethanol and centrifuged. After the removal
of the supernatant, the pellet was  dried and dissol-
ved in 50 µL Tris-EDTA (TE) buffer, which contains
10 mM Tris pH 7.4, 1 mM ethylenediaminetetraace-
tic acid (EDTA) and RNase at a concentration of 20
µg/mL. Plasmids were stored at –20˚C until used.
DNA concentrations were measured by UV absorp-
tion at 260 nm, and purity was confirmed by 1% aga-
rose gel electrophoresis2. 

PPrreeppaarraattiioonn  ooff  LLiippiidd--DDNNAA  CCoommpplleexxeess

Complexes were prepared by mixing TE buffer solu-
tions of the pBluescript® plasmid with the lipid re-
agent at various concentrations (1:0; 1:0.125; 1:0.25;
1:0.5; 1:1; 1:2 w/w plasmid DNA:lipid). Lipid re-
agent contained cationic lipid DOTAP and zwitteri-
onic neutral helper lipid DOPE at a ratio of 1:1
(w/w). The time required for complex formation
was then checked by running the samples on 1%
agarose gel.

8

Demir, Öner, Kocagöz

become an area of interest in recent years. Viral and
non-viral gene delivery systems and a variety of
methods have been developed to accomplish gene
transfer into eukaryotic cells. These techniques in-
volve the direct physical introduction of genetic ma-
terial into cells by electroporation2-6, microinjecti-
on7,8, particle bombardment9-13, or the disruption of
cell membranes to allow the transfer of DNA using
genetically modified viruses10,14,15 and non-viral
DNA complexes with polycations12,16-20 or li-
pids10,18,21-28.

Transformation of foreign genetic materials into
cells by lipids has become a common technique for
mammalian cell systems, but transformation effici-
ency of these carriers for bacteria and yeast cells has
not been fully investigated16.

In our study, we evaluated the transformation effici-
encies of cationic lipid-plasmid DNA complex for-
mulations with prokaryotic systems.

There are two main techniques for transforming
bacterial cells. The most commonly used method is
preparing "competent" bacteria by treating with
CaCl2 to make their cell wall permeable to DNA2.
This process takes a few days of preparation and re-
searchers prefer to purchase previously prepared
competent cells, which should be shipped frozen.
Electroporation is the second means of transforming
bacteria, and this requires special expensive equip-
ment and has poor reproducibility3, 5, 6, 9, 10, 29, 30.

As an alternative to the known transformation met-
hods, we have developed a highly efficient, rapid,
relatively inexpensive and versatile DNA delivery
technique, which can be used with a variety of pro-
karyotic cell types and eliminates the use of the stan-
dard transformation protocol.

MMAATTEERRIIAALLSS  aanndd  MMEETTHHOODDSS

MMAATTEERRIIAALLSS

Lipid suspension, consisting of 2 mg/mL DOTAP /
DOPE [ (N (1-(2, 3 - dioleyloxy) propyl) - N,N,N, tri-
methyl ammonium bromide) / Dioleoyl phospha-
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DDeetteerrmmiinnaattiioonn  ooff  OOppttiimmaall  LLiippiidd--DDNNAA  RRaattiiooss  iinn
CCoommpplleexx  FFoorrmmaattiioonn

In this part of the study, optimal plasmid DNA:lipid
ratio was selected by using the gel retardation assay,
DNase I protection assay and classical bacterial
transformation method.

GGeell  RReettaarrddaattiioonn  AAssssaayy
The formation of complexes between cationic lipids
and plasmid DNA  was monitored by gel retardati-
on assay. Samples were run at constant voltage (60v)
on 1% agarose gel with Tris-acetate-EDTA (TAE)
buffer. The gel was then stained for 30 min in ethidi-
um bromide solution at a concentration of 1 µg/mL
and photographed with UV transilluminator.

DDNNaassee  II  PPrrootteeccttiioonn  AAssssaayy
The effect of complex ratios on protection of DNA
from DNase I degradation was evaluated by prepa-
ring cationic lipid-plasmid complexes. Samples of 5
µg pDNA-containing complexes were mixed with
50 µL of 100 Kunitz U /mL DNase I and incubated
at 37˚C for 15 min. The reaction was stopped with
100 µL of 0.1M EDTA (pH:8) and then extracted twi-
ce with phenol-chloroform mixture to remove lipid
material. DNA in the aqueous layer was precipita-
ted with ethanol and subjected to agarose gel elect-
rophoresis to determine DNA integrity31.

BBaacctteerriiaall  TTrraannssffoorrmmaattiioonn
Escherichia coli XL-1 Blue cells were selected as a
model transformation system for the development of
efficient cationic lipid – pDNA complexes. XL-1 Blue
cells were produced using the plasmid pBluescript®,
which contains a gene for ampicillin resistance. A
single colony of XL-1 Blue was used to inoculate 10
mL of LB medium and grown overnight at 37˚C in a
shaking incubator. The 50 µL of  overnight culture
was then subcultured to 10 mL of fresh medium and
incubated for two more hours. After centrifugation
of the culture, pellets were suspended with 1.5 mL
50 mM CaCl2 and incubated on ice for an hour. Af-
ter centrifugation, pellets were suspended with 1.5
mL 50 mM CaCl2 and competent bacteria was pre-
pared after overnight incubation at +4˚C. Cationic li-
pid – pDNA complexes including 4 ng pDNA were

mixed with 100 µL competent bacteria, and samples
were incubated on ice for 35 min. After incubation,
samples on ice were transferred to a 42˚C water bath
for 1.5 min and back to ice for 10 min. Samples were
mixed with 900 µL LB medium and incubated at
37°C for an hour. After incubation, 100 µL of the
transformation mixture were spread over the surfa-
ce of the agar plate containing 100 µg/mL ampicil-
lin, by 1:103 final dilution. After overnight incubati-
on at 37˚C, transformation efficiencies were calcula-
ted. 

PPrreeppaarraattiioonn  ooff  OOppttiimmaall  LLiippiidd––SSuurrffaaccttaanntt--DDNNAA
CCoommpplleexxeess  ffoorr  AAlltteerrnnaattiivvee  TTrraannssffoorrmmaattiioonn  MMeetthhoodd

Optimal lipid – surfactant – DNA complexes were
selected according to the results of the gel retardati-
on assay, DNase I protection assay and transforma-
tion efficiencies. Complexes were prepared by mix-
ing TE buffer solutions of the pBluescript® plasmid
with the cationic lipid DOTAP, zwitterionic neutral
helper lipid DOPE (at a ratio of 1:1(w/w), ES-
CORT™), and zwitterionic surfactant Zwitter-
gent®3-08 (Z-8), at minimum inhibitor concentration
(MIC) of 3.75% (w/v).

AAlltteerrnnaattiivvee  TTrraannssffoorrmmaattiioonn  MMeetthhoodd

Escherichia coli XL-1 Blue cells and pBluescript®,
which contains a gene for ampicillin resistance, we-
re used as a model for the development of an alter-
native transformation system. A single colony of
XL-1 Blue cells was used to inoculate 15 mL of  LB
medium and grown overnight at 37˚C in a shaking
incubator. The 300 µL overnight culture was then
subcultured to 15 mL fresh medium and incubated
two more hours. 1.5 mL of each culture were then
washed with 1 mL 50 mM CaCl2 by centrifugation
and the pellets were again suspended with 200 µL
50 mM CaCl2 solution. Naked plasmids and plas-
mids complexed with cationic lipids and surfactants
at various ratios were mixed with prepared bacteria.
Samples were incubated either on ice or at 37°C for
various time periods (1, 5, 10, 15, 30 and 60 min). Af-
ter incubation, samples on ice were transferred to a
42˚C water bath for 1.5 min and back to ice for 5 min.
Finally, all the samples were washed with phospha-



te buffer (pH 7.4), LB medium or 5% (w/v) BSA so-
lutions. The pellets were suspended in 500 µL LB
medium and inoculated on LB agar containing 100
µg/mL ampicillin, either after incubating at 37˚C for
one hour or directly without incubation. After over-
night incubation, the presence of pBluescript® plas-
mids in transformed colonies were checked by mi-
niprep plasmid purification. 

All the experiments were repeated with different
types of E. coli strains such as XL-1 Blue, ATCC
25922, JM109, K12 and M15.

RREESSUULLTTSS  

PPllaassmmiidd  DDNNAA  IIssoollaattiioonn

The purity of the plasmid DNA was established by
UV spectrophotometry (OD260nm / OD280nm=1.8).

EEffffeecctt  ooff  PPllaassmmiidd::LLiippiidd  RRaattiiooss  oonn  CCoommpplleexx  FFoorrmmaattii--
oonn  aanndd  TTrraannssffoorrmmaattiioonn  EEffffiicciieennccyy

Agarose gel electrophoresis images of the plasmid
DNA - cationic lipid complex formulations which
were prepared at different ratios are shown in Figu-
re 1. Complex formation can be achieved starting
from 1:0.125 w/w pDNA:lipid ratios.

Plasmid DNA can be protected from DNase I degra-
dation by complexing with lipids. Retardation effect
and stabilization from DNase I were directly pro-
portional to the amount of lipids. As seen in Figure
2, complexes were kept stable for 15 min at 37˚C,
even with minimal lipid ratios.

FFiigguurree  22..  DNase I degradation. 

Lane 1: λ DNA Hind III Digest MW Marker

Lane 2: Plasmid DNA

Lane 3: Plasmid DNA*

Lane 4: Plasmid DNA:Cationic Lipid → 1:0.125 w/w*

Lane 5: Plasmid DNA:Cationic Lipid → 1:0.25 w/w*

Lane 6: Plasmid DNA:Cationic Lipid → 1:0.5 w/w*

Lane 7: Plasmid DNA:Cationic Lipid → 1:1 w/w*

Lane 8: Plasmid DNA:Cationic Lipid → 1:2 w/w*

*LANE 3 - 8 : SAMPLES INCUBATED WITH DNASE I

Cell cultures could be transformed at all pDNA:lipid
ratios. According to the results given in Table 1, effi-
ciency of transformation increased until the ratio re-
ached 1:0.5 w/w pDNA:lipid ratio, and then decre-
ased rapidly.

TTaabbllee  11.. Transformation efficiencies of plasmid
DNA:lipid complexes at various ratios

TTrraannssffoorrmmaattiioonn  eeffffiicciieennccyy**,,
PPllaassmmiidd  DDNNAA::LLiippiidd  CCoommpplleexxeess nnoo..  ooff  ttrraannssffoorrmmaannttss  XX  110077 ppeerr  mmgg  ooff  

ppDDNNAA  ((ccffuu//mmgg))

Plasmid DNA 3.5 ± 0.38
Plasmid DNA: Lipid → 1: 0.125 w/w 3.8 ± 0.42
Plasmid DNA: Lipid → 1: 0.25 w/w 3.4 ± 0.28
Plasmid DNA: Lipid → 1: 0.5 w/w 3.1 ± 0.25
Plasmid DNA: Lipid → 1: 1 w/w 1.9 ± 0.21
Plasmid DNA: Lipid → 1: 2 w/w 1.6 ± 0.18

* Values represent mean ± SEM of the triplicate plates
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FFiigguurree  11..  Gel retardation assay.

Lane 1: λ DNA Hind III Digest MW Marker

Lane 2: Plasmid DNA

Lane 3: Plasmid DNA:Cationic Lipid → 1:0.125 w/w

Lane 4: Plasmid DNA:Cationic Lipid → 1:0.25 w/w

Lane 5: Plasmid DNA:Cationic Lipid → 1:0.5 w/w

Lane 6: Plasmid DNA:Cationic Lipid → 1:1 w/w

Lane 7: Plasmid DNA:Cationic Lipid → 1:2 w/w



To determine the utility of washing solution on the
transformation efficiency, three different solutions
were used, and the best results were obtained with
5% (w/v) BSA when compared to LB medium and
phosphate buffer (pH 7.4) (Fig. 5).

FFiigguurree  55..  Effect of wash solution on transformation efficiency.

Although all the strains transformed efficiently, the
best results were obtained with JM109, XL-1 Blue
and M15.

Advantages of the alternative transformation met-
hod over classical transformation method can be se-
en in Table 2.

TTaabbllee  22.. Advantages of alternative transformation
method* over classical transformation
method.

CCllaassssiiccaall AAlltteerrnnaattiivvee
TTrraannssffoorrmmaattiioonn TTrraannssffoorrmmaattiioonn

MMeetthhoodd MMeetthhoodd

FFoorr  ccoommppeetteenntt  bbaacctteerriiaa  pprreeppaarraattiioonn

Fresh culture medium is required is not required

Incubation of bacterial pellet  on ice for an
hour in CaCl2 solution is required is not required

After the step above, one night
incubation at 4°C is required is not required

FFoorr  bbaacctteerriiaall  ttrraannssffoorrmmaattiioonn

Incubation time required for
competent cells and pDNA 35 minutes 15 minutes
complexes on ice

1 hour incubation at 37˚C
before spreading over agar plates is required is not required

** BBaacctteerriiaall  TTrraannssffoorrmmaattiioonn  KKiitt,,  TTPPEE  PPaatteenntt,,  NNoo::TTRR  11999999  0011119999BB,,  11999999..
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EEffffeecctt  ooff  FFaaccttoorrss  oonn  TTrraannssffoorrmmaattiioonn  EEffffiicciieennccyy  ooff
AAlltteerrnnaattiivvee  MMeetthhoodd

Investigated factors such as concentration of cationic
lipids, effect of surfactants, freshness of the culture,
incubation temperature, incubation time, wash tre-
atment and bacterial strains were found to affect
transformation efficiency. Concentrations of cationic
lipids and surfactants also played an important role
in the transformation. It was determined that the op-
timum final concentration for the highest transfor-
mation efficiency was 1.25% v/v for DOTAP/DOPE
and 0.05% w/v for Zwittergent®3-08.

Freshness of the culture was determined to be an
important factor for DNA uptake into bacteria. Effi-
ciency of transformation was nearly the same with
naked plasmids or plasmids complexed with cati-
onic lipids. With old cultures, lipids showed signifi-
cant ability to induce transformation. The number of
transformants were found dependent upon the tem-
perature. Heat shock (incubation on ice followed by
incubation at 42˚C) increased the transformation ef-
ficiency when compared with constant incubation at
37°C (Fig. 3).

Procedures are also influenced by the incubation pe-
riod on ice. In our procedure, transformation effici-
ency increased with time in the first 15 min, then
decreased (Fig. 4).

FFiigguurree  44:: Effect of incubation period on transformation efficiency.

FFiigguurree  33.. Effect of incubation temperature on transformation ef-

ficiency.

Transformation at A :Constant incubation at 37°C;

B : Incubation on ice, followed by 42°C and back to ice.
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DDIISSCCUUSSSSIIOONN

Complexes between negatively charged DNA and
positively charged lipids can be produced simply by
electrostatic and hydrophobic interactions. Cationic
lipids are well-known materials for transferring
DNA into mammalian cells, and cell lines respond
differently to the various types of gene delivery sys-
tems. In addition to the mammalian cells, there have
also been many efforts to optimize and simplify effi-
ciency of bacterial transformation. Here we describe
a protocol using cationic lipids, zwitterionic surfac-
tants and washing treatments for the purpose of
transforming bacteria.

In this study, stability and efficiency of the comple-
xes were directly related to pDNA:lipid ratios and
incubation times, as expected. Even with minimal li-
pid amounts, plasmids were stable for 15 min. The
effects of exogenous lipids are explained by the inte-
ractions of membrane transferases with phospholi-
pids32. Addition of cationic lipids to pDNA leads to
the formation of highly stable condensed structures
that protect DNA from nuclease digestion16.

Transformation efficiency was found dependent on
the pDNA:lipid ratio. The highest effect was achi-
eved with 1:0.5 w/w pDNA:lipid ratio; at more than
1:1 pDNA:lipid ratios, the number of transformed
bacteria decreased. This effect may involve toxicity
of the cationic lipids on the cells as known from
transfection studies16.

Zwitterionic surfactants were also included in pre-
parations in order to regulate electrostatic interacti-
ons, decrease toxic effects due to the high positive
charge and enhance cell wall permeability33. In our
previous study34,35, among the investigated zwitte-
rionic surfactants, Zwittergent®3-08 (Z-8) was selec-
ted as the most efficient surfactant in transformati-
on. 

The freshness of bacterial culture is another factor in
efficient transformation. In the protocol we used li-
pid-containing formulations which showed a prono-
unced effect on the transformed cells when the cul-
ture was old. This result shows that it is advantage-
ous to store cultured cells for future use.

Temperature shift is an important point for transfor-
mation. In the proposed method, 15 minutes of ice
treatment was enough for efficient transformation,
and an additional incubation step in liquid medium
at 37˚C was not required.

Washing steps are used in some protocols in the
publications. In our procedure washing bacteria
with 5% (w/v) BSA solution after the transformati-
on step assured the survival of transformants pro-
bably by removing toxic amounts of lipids, deter-
gents and other toxic products originating from bac-
teria in the medium. Even if the lipids were not inc-
luded during transformation, this washing procedu-
re positively affected the number of transformants.

Different bacterial strains respond differently to the
procedure, and widely used E. coli strains such as
JM109, XL-1 Blue and M15 could be transformed ef-
ficiently.

As an alternative to the known transformation pro-
tocols, we propose an easy, rapid and highly effici-
ent method for bacterial transformation without the
competent cell preparation step. 
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