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Optimizing Bacterial Transformation in the 
pDNA-Cationic Lipid - Surfactant Complex 
Systems by Adjusting CaCl2 Concentration 
and Incubation Temperature 
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OptimWng Bacterial Transfomıation iıı the pDNA-Cationic 
Lipid - Surfactaııt Complex Systems by Adjusting CaC/2 

Concentration and Incubation Temperature 
Sunımary : in this study effects of CaCl2 concentration and 
incubation temperature on the E. cali transfornıation by 
plasnıid DNA complexes were investigated. Three pDNAfor
mulations (pDNA, pDNA + Zwittergent® 3-08, pDNA: Cat
ionic Lipid ( J:Jwlw) + Zwittergent® 3-08) were examined. 
The fornıulation containing plasnıid DNA : cationic lipid 
complex (/:] wlw) and Zwittergent® 3-08 showed better 
transformation efficiency. 50 ınM CaC/2 concentration and 
37-40°C incubation temperatures showed positive effects on 
the nuınber of transformed E. cali cells. 
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IN'IRODUCTION 

Transformation is an important step in DNA cloning, 
which is one of the most irnportant components of re
combinant DNA technology and many other areas of 
molecular biologyl. Since transformation of E. cali is 
an essential step in ınany cloning experiments, it is 
desirable !hat it should be as efficient as possib]e2. 
Most types of bacteria cannot lake up DNA efficient
ly unless they have been exposed to special chernica] 
or physical treatments to make !hem permeable3. 
There are two main techniques far transforming bac
terial cells. The first and perhaps the most comınonly 
used method is to make bacteria 'coınpetent' by treat-

pDNA - Katymıik Lipid - Surfaktan Kompleks Sistemlerinde 
CaCl2 Konsantrasyonunun ve İnkübasyon Sıcaklığının 

Ayarlanmasıyla Bakteri Transformasyonunun 
Optünizasyonu 

Özet : Bu çaltşm.ada, CaCl2 konsantrasyonu ve inkübasyon 
sıcaklığının plaznıid DNA kompleksleri ile E. cali trans
formasyonu üzerindeki etkileri araştırılnııştır. Üç plazmid 
DNA formiilasyonu (pDNA, pDNA + Zwittergent® 3-08, 
pDNA: Katyonik Lipid (]:fala) + Zwittergent® 3-08 araş
tırılmıştır. Plazmid DNA : katyonik lipid kompleksi ( 1: 1 ala) 
ve Zwittergent® 3-08 içeren formiilasyon, en iyi trans
formasyon etkinliğini gösternıiştir. 50 nıM CaCl2 kon
santrasyonu ve 37-40 °C inkübasyon sıcaklıklarının trans
forme olmuş E. coli hücre sayısı üzerinde o!unı.lu etkiye 
sahip olduğu belirlenmiştir. 
Anahtar kelimeler: plaznıid DNA; katyonik lipidler; 

zwitteriyonik sıufaktanlar; bakteri 
transforn1asyonu; E. coli 

ing with a chemical such as CaCl2 to make the bac
terial cell wall perıneable to DNA transfer4,S. Several 
groups of workers have examined the factors af
fecting the efflciency of transformation. it has been 
found that E. cali cells and plasmid DNA can interact 
effectively in an environınent of calcium ions and low 
temperature {0-5"C), and that a subsequent heat 
shock {37-45°C) is useful, but not strictly necessary6-9. 
Several other methods, especially the inclusion of 
metal ions in addition to calcium, have been shown 
to irnprove the processrn 

The other method of transforrning bacteria is electro
poration, which requires special expensive equip-
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ment and has poor reproducibilityn For years, 

electroporation has been an effective method for 

introd11cing DNA into bacteria, yeast, mammalian 

cells and plant protoplasts. Electroporation 

involves !he application of an electric field creating 

pores or holes in the membranes of cells through 

which DNA is driven as a result of its negative 
charge12-16_ 

The airn of our study was optirnization of a trans

formation method for recombinant DNA technology 

by adjusting CaCl2 concentration and incubation 

temperature of bacterial growth in the systems of 

plasmid DNA complexed with cationic lipids and 

zwitterionic surfactants. 

MATERIALS AND METHODS 

MATERIALS 

ESCORT™, a lipid suspension, consisting of 2 mg/ 

mL DOTAP /DOPE [ (N (1- (2, 3-dioleyloxy) propyl) -

N, N, N, trimethyl ammoniumbromide)/(Dio

leylphosphatidyl ethanolamine)] (1:1 w /w) was ob

tained from Sigma Chemical Company. Zwitterionic 

surfactant Zwittergent® 3-08 was obtained from Cal

biochem. 3 kb, Escherichia coli pBluescribt plasmid 

was selected as the model vector which carries an 

ampicillin resistance gene and ~-galactosidase gene 

alpha- subunit (Stratagene). 

METHODS 

Parameters Evaluated for Transformation Efficiency 

of E. cali 

For optimization of transformation three different 

farmulations, four different bacterial growth tem

peratures and three different CaC12 concentrations 

were selected. Parameters evaluated for trans

farmation efficiency of E. cali are seen in Table l. 

Plasmid DNA Isolation 

Plasmid DNA pBluescribt, was selected as a model 

vector which carries an ampicillin resistance gene 

and ~-galactosidase gene a-subunit. The plasmids 

were amplified in XL-1 Blue strain of Escherichia coli. 

Bacteria containing plasmids were grown overnight, 

plasmids were isolated by alkaline lysis method4 and 

purified using multiple phenol/ chlorofarm extrac

tions. DNA was !hen precipitated by ethanol and cen

trifuged. After the removal of the supernatant, the 

pellet was dried and dissolved in 50 pL Tris-EDTA 

(TE) buffer which contains 10 mM Tris pH 7.4, lmM 

ethylendiaminetetraacetic acid (EDTA) and RNase at 

a concentration of 20 pg.mL-1. The plasmids were 

stored at -20 °C until use. DNA concentrations were 

measured by UV absorption at 260 nm, and purity 

was confirmed by 1 % agarose gel electrophoresis4. 

Preparation ofTransformation Systems 

Complexes used far transform~tion of bacteria were 

prepared by mixing buffer solutions of pBluescribt plas- . 

mid with the lipid reagent !hat contains cationic lipid 

DOT AP and zwitterionic neutral helper lipid DOPE ata 

ratio of 1:1 (w /w) and zwitterionic surfactant at mini

mum inhibitor concentration of 3.75 % (w /v). ESCORT™ 

lipid suspension was the lipid mixture, and Zwit

tergent® 3-08 (Z-8) solution was used as the surfactant. 

Naked plasmid DNA and plasmid DNA mixed with 

only zwitterionic surfactant Z-8 without lipid mixture 

were alsa used in transformation studies. 

Transformation Studies 

Escherichia coli XL-1 Blue cells and pBluescribt plas-

Table 1 Parameters Evaluated far Transfarmation Efficiency of E. Cali 
Formulations Bacterial Growth CaCl2 Concentrations 

Temperature (mM) 

Formulation Code 
25°C 10 50 100 

(A) Naked pDNA pDNA 30°C 10 50 100 

(B) pDNA + Zwittergent® 3-08 pDNA+Z-8 37°C 10 50 100 

(C) pDNA:Cationic lipid (1 :1 w/w) + Zwittergent® 3-08 pDNA:L (1 :1w/w) + Z-8 40°C 10 50 100 

8 



FABAD J. Pharnı. Sci., 27, 7-11, 2002 

mid which contains a gene far Ampicillin resistance 
were used. A single colony of XL-1 Blue was used to 
inoculate 15 mL of Luria-Bertani (LB) broth growth 
medium and grown overnight at 25°C, 30'C, 37'C 
and 40 °C in a shaking incubator. After 5 minutes 
centrifugation of the overnight culture at 4000 rpm, 
pellets were resuspended in 2 mL of 10 rnM, 50 mM 
and 100 rnM CaC12 solutions. 50 µL of bacterial sus
pension was added to 4.8 µg / 50 µL pDNA samples 
and after incubation for an hour at 37°C, sarnples 
were washed twice with 5% (w /v) BSA solution by 
centrifugation. Pellets were suspended in 100 ı-ıL of 
LB rnediurn and inoculated on LB agar containing 
75µg/rnL ampicillin after incubating at 37°C for one 
hour. The transforrned colonies were counted either 
after 24 hours or 48 hours incubation periods. 

RESULTS AND DISCUSSION 

Formulation Effects 

Three plasmid DNA formulations (pDNA, pDNA + 
Zwittergent® 3-08, pDNA: Cationic Lipid (l:lw/w) + 
Zwittergent® 3-08) were investigated regarding their 
transformation efficiencies. Bacterial transformation 
could not be achieved by using naked pDNA and the 
least efficient transformation was observed by using 
plasmid DNA:Zwittergent® 3-08 mixture. Among 
these three formulations, plasmid DNA: cationic lipid 
cornplex (1:1 w /w) and Zwittergent® 3-08 cornplex 
foımulation was determined as the rnost efficient rnix
ture. Cornplex formulations were prepared by using 
different arnounts of cationic lipids. Optirnal lipid -
DNA ratio in complex formation was determined ac
cording to the results of gel retardation assay, DNase I 
protection assay and bacterial transformation. By in
creasing the arnounts of lipids in the cornplex formula
tions, protection of DNA against DNase I enzyrne was 
achieved. Although al! complex formulations could be 
transformed, due to the celi toxicity of the lipids, trans
formation efficiency is decreased over 1:1 ratio. After 
selecting the best pDNA : cationic lipid ratio which 
was 1:1 w /w (Figure 1), zwittergent was incorporated 
into the system by considering their MIC values. 

Optimum CaCl2 Concentration 

Effect of the 10 mM, 50 mM and lOOmM CaCl2 con-

Figure 1. Gel Retardation Assay 
Lane 1: 'A DNA Hind III Digest MW Marker 
Lane 2: Plasmid DNA 
Lane 3: Plasrnid DNA:Lipid--> 1: 0,125 w /w 
Lane 4: Plasrnid DNA:Lipid--> 1: 0,25 w /w 
Lane 5: Plasmid DNA:Lipid--> 1: 0,5 w /w 
Lane 6: Plasrnid DNA:Lipid--> l: 1 w /w 
Lane 7: Plasmid DNA:Lipid--> 1: 2 w /w 

centrations on the bacterial transformation was stud
ied. As seen from Figure 2-A, only a few bacteria can 
be transforrned with pDNA at 10 mM CaCl2 con
centration whereas at 100 mM CaCl2 concentration 
which is very high, transformant bacterial cells are 
less than at 50 mM CaC12 levels (Figure 2-C). The op
timum CaC12 concentration {or an efficient trans
forrnation was found to be 50 mM (Figure 2-B). Fac
tors such as plasmid characteristics, amount, purity, 
cell density and marker al! influence the trans
formation efficiency. Transformation efficiency can 
be affected by the Ca2+ induced phos
phatidylethanolamine mechanism8. Here CaCJ2 con
centration is a critical parameter in tl1e phos
phoethanolamine dependent mernbrane enyzme ac
tivity. 
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Figure 2. Effect of CaCl2 concentrations on transformation 

efficiency of formulations which were trans

formed to bacteria grown at different tem

peratures. 
(A) 10 mM CaClı concentration 
(B) 50 mM CaClz concentration 
(C) 100 mM CaClı concentration 

Optimum Incubation Temperature 

Incubation temperature is alsa an important factor in 

the transfannation efficiency of E. cali cells. Among 

the temperatures investigated, 25°C was faund least 

efficient as transfannation temperature far 10 mM 

and 50 mM concentrations (Figure 3). 30°C, 37°C and 

40°C temperatures were faund suitable far trans

fanning bacteria for 50 mM and 100 mM concentra

tions. In Figure 3 the transfarmation profile of bac

teria grown at different temperatures is seen. CaC12 
concentration and composition of the pDNA for

mulation have additional effects on the incubation 

temperatures. 
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Figure 3. Effect of different CaClı concentrations and bac

teria incubation temperatures on transformation 

efficiency. 

By considering ali the factors, 50 mM CaCl2 con

centration, plasmid DNA: cationic lipid (1:1 w/w) + 

Zwittergent® 3-08 complex farmulation and 37°C -

40°C temperatures seem to be productive conditions 

far optimal transfannation studies. 

CONCLUSION 

it can be concluded from the results !hat cationic lipid 

and surfactant mixtures and optimized CaCl2 con

centration and temperature conditions may provide 

an efficient way far ti·ansforming bacteria with 

pDNA. The positively charged lipids can attach to 

pDNA, and alsa bind to cells to simplify DNA trans

fer into the cells. Cationic lipids have been used lor 

transfection of eucaryotic cells for years, but in this 

study it has been established that these systems are 

alsa useful far transfannation of procaryotic cells. 

CaCl2 concentration and incubation temperatures are 

important parameters in optimising bacterial trans

formation. 
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