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ABSTRACT 

 

Escherichia coli (DH5α) was treated with different salt solutions to attain a physiological state of competence 

for transformation. Salts were dissolved in water to make ionic solutions containing cations of different 

valencies. Ionic solutions of sodium chloride (NaCl) monovalent (Na+), magnesium sulphate (MgSO4) divalent 

(Mg2+), aluminium chloride (AlCl3) trivalent (Al3+) and conventionally used Calcium chloride (CaCl2) divalent 

(Ca2+) cations were used to induce competency. Competent cells prepared were stored in 50 % glycerol at – 20 

°C and the transformation efficiency was compared using a plasmid vector pUC19. Efficiency of cations 

inducing competency with higher transformation rates was seen in the order Na+>Ca2+>Mg2+>Al3+ for freshly 

prepared cells; later it was Ca2+>Na+>Mg2+>Al3+. Cells under storage showed transformation efficiency of 105-

106 CFU/µg DNA for 5 weeks. This result concludes competency could be induced using salt solutions of 

different cations with difference only in their transformation efficiency. Chemical induction method being a 

conventional method other different salts could be used for better transformation efficiency in other organisms.  
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INTRODUCTION  

 

Competency and transformation are major factors 

involved in molecular cloning. Cells ability to take 

up DNA is a process termed competency and 

expression of that DNA is known transformation. 

Some bacteria are naturally capable of taking up 

DNA under laboratory conditions. Many more may 

be able to take up DNA from their natural 

environment; such species carry sets of genes, 

specifying machinery for bringing DNA across the 

cell membrane [1]. This is primarily carried out to 

help meet nutritional needs, but can be used for 

acquisition of new genes that promote genetic 

diversity [2, 3]. The introduction of exogenous 

DNA into an organism requires two steps; 

preparation of competent cells for DNA uptake and 

transformation of the cells with the DNA so that 

the cells can acquire new genetic traits that are 

inheritable and stable. Biologists have transformed 

E. coli gram negative bacteria as widely used 

organism in molecular biology that preferentially 

interact and transfer double- stranded DNA [3]. 

Competent cells take up foreign DNA easily since 

they have altered cell wall, but most cells cannot 

uptake unless they have been exposed to certain 

physical or chemical treatment [4]. 

 

Induction of competency using chemicals is a 

conventional method where the chemical 

compounds are believed to react with cells 

membrane to make them competent. Dissolution of 

salt in water yields atoms or radicals as ions of 

various valency carrying positive or negative 

charge making them as anions and cations. The 

number of electrons that is lost, shared or gained by 

an atom or a radical determines its valency. In this 

context, salt solutions yielding cations of different 

valency were selected for inducing competency. 

The number of electrons they share could influence 

how strongly they can react with cells to induce 

competency. Sodium chloride, a monovalent cation 

[5]; Magnesium sulphate [6, 7], divalent cation and 

a trivalent cation aluminium chloride were used in 

the preparation of competent cells. The induction 

of competency and efficiency of transformation of 

these salts were compared with Calcium chloride 

[8], the most commonly used salt conventionally 

for the preparation of competent cells which in a 

solution reacts as divalent cation. Aluminium 

chloride is a salt and easily dissolves in water into 
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ions and has not used in inducing competency. 

Since chemical induction method is a convention 

method Aluminium chloride was opted for 

preparing solution of trivalent caiton. Although 

sodium and magnesium had used to prepare 

competent cells calcium chloride is mostly 

followed. Making a cell competent using chemical 

induction methods is considered as time consuming 

and laborious process but it is simpler and cheaper 

when compared to methods such as electroporation 

and commercially available competent cells that are 

costly and to be stored under - 80°C which most of 

laboratory cannot afford. Hence the study was 

designed with a hypothesis that the numbers of 

electrons as cations shared by salts in solutions 

could it result in inducing competency with high 

transformation efficiency along with an attempt to 

design a cost effective, simple protocol that could 

be stored for longer periods. 

 

MATERIALS AND METHODS 

 

Bacterial strain: Overnight cultures of Escherichia 

coli DH5α from LB agar plates were grown in 

10ml Luria Broth at 37 °C in shaker for 18h [4]. 

 

Plasmid: pUC19 was selected for its traditionally 

high degree of transformation efficiency and the 

ease of selection of transformants on ampicillin [9]. 

 

Preparation of media: E. coli DH5α was cultured 

in Luria-Bertani (LB) broth containing 10g 

tryptone (Himedia), 5g Yeast extract (Himedia) and 

10g NaCl (SRL). pH adjusted to 7.5 with NaOH in 

1L dH2O. Solid LB-agar for plates was made by 

adding 15g/L agar (Himedia). The autoclaved 

medium was cooled to 55°C and ampicillin (AMP) 

at concentration of 10 µg/mL was added for LB-

AMP selective medium. 

 

Preparation of chemical solutions of different 

cations: Chemical induction method was followed 

to prepare competent cells. The chemicals viz. 

NaCl, CaCl2, MgSO4 and AlCl3 were prepared as 

100mM solutions using distilled water and stored at 

4 °C until used.  

 

Procedure for induction of competency: From 

cultured E.coli DH5α (containing no plasmids), 1 

ml was withdrawn and added to 200ml of LB broth 

in 500ml conical flask, incubated at 37°C for 3-4 h 

in rotatory incubator. After OD of 0.4 – 0.5 was 

reached at 600 nm the culture was placed on ice for 

20 min [9]. The culture was centrifuged at 1000g 

for 10 min at 4 °C in 50 ml falcon tubes the 

supernatant was discarded. Pellets from rest of the 

medium were collected in the same by repeating 

the centrifugation step. 20ml of 100mM chilled 

solutions of salt of different cation was added and 

mixed gently until the bacterial pellet dissolved 

completely in solution. Sometimes pipetting was 

done gently and slowly for mixing the cells into the 

solution of cation. The tubes were incubated on ice 

for 30 min and later centrifuged at 1000g for 10 

min at 4 °C. Supernatant was discarded and 2ml of 

chilled cation was added to dissolve the treated 

cells and stored. A total of 4 separate 200ml 

cultures of E.coli DH5α were inoculated to treat the 

cells using different salt solutions and same 

procedure was followed. 

 

Competent cells storage: For long term storage, 

1ml of competent cells was suspended in 1ml of 

sterile 100% glycerol to give a final concentration 

of 50% glycerol and mixed. The glycerol stock was 

stored at -20°C for later use [10]. 

 

Procedure for bacterial transformation: Cells 

were transformed with pUC19 plasmid DNA. 

Briefly 0.5µl (1µg/µl) of plasmid DNA was added 

to 100 µl of competent cells, mixed and left to 

incubate on ice for 10 min. After incubation the 

cells were subjected to heat shock at 42 °C for 2 

min and soon placed on ice for 10 min after which 

250 µl of sterile LB broth without any antibiotic 

was added and incubated on shaker for 1 hour at 

37°C. Once recovered 100 µl of this mixture 

containing plasmid and competent cells was 

inoculated on to LB-AMP plates for selection of 

transformants and transformation efficiency was 

calculated. The experiment was done in triplicates. 

For positive control, 25 µl of competent cells that 

have not been transformed with the plasmid were 

plated onto plate without antibiotic (ampicillin). 

For negative control, 25 µl competent cells that 

have not been transformed with the plasmid were 

plated onto plate with antibiotic. 

 

Calculation of transformation efficiency under 

storage: The transformation efficiency was 

calculated as described by Aryadeep et al [6]. The 

efficiency of competent cells stored to transform 

was checked for a period of 5 weeks. The 

transformation efficiency per microgram (µg) of 

DNA was noted for each set of competent cells 

prepared and statistically analysed. 

 

RESULTS 

 

The solution of salt CaCl2 divalent cation showed 

highest transformation efficiency of 3.5x106 CFU/ 

µg DNA after an initial lagging of 1.5±0.13×106 

CFU/ µg DNA. MgSO4 and NaCl had shown 

transformation efficiency between maximum of 

1.9x106 to least of 7.3x105 CFU/ µg DNA but 

comparatively it was found that MgSO4 induce less 

competency than by salts of sodium and calcium. 

Trivalent cation AlCl3 had maximum 
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transformation efficiency of 6.4± 0.2 × 105 CFU/ 

µg DNA and was the least efficient cation for the 

preparation of competent cells (Figure 1). 

 

Transformation efficacy of freshly prepared 

competent cells using NaCl and CaCl2 showed high 

transformation efficiency. The transformation 

efficiency of cations in making cells competent was 

seen in the order Na+>Ca2+>Mg2+>Al3+ for freshly 

prepared cells; later it was Ca2+>Na+>Mg2+>Al3+. 

Incubation in cations (as solutions of salts) had 

increased competency initially over cells that were 

used immediately when storage was prolonged 

competency reduced. Upto 20 days (3 weeks) the 

transformation efficiency of the competent cells 

were good and after which there was a decrease yet 

cells competent were enough to be used for 

transformation upto 35 days (5 weeks). Overall the 

competent cells of different cations stored at -20 ºC 

in 50 % glycerol were able to retain transformation 

efficiency for 5 weeks. 

 

DISCUSSION 

 

The success rate of a bacterial transformation is 

determined by several factors. For example the 

growth phase at which the bacterial culture is 

harvested [9], quality of chemical additives used, 

the temperature at which cells are maintained 

during preparation, the speed at which cells are 

centrifuged, and the degree of shear forces 

generated upon resuspension may all affect 

transformation efficiency [11]. It is also 

demonstrated that temperature and duration of 

competent cells stored may also affect efficiency 

[8]. With these facts a simple protocol was 

followed for making the cells competent. Cells 

were maintained constantly at temperature of 4 ºC 

which makes them rigid which can withstand the 

handling pressure. Centrifugation was done at 

1000g for 10 min to pellet cells where greater 

centrifugal force within short time could do the 

same but it may damage the cells. With gentle 

tapping and slight force generated using 

micropipettes gentle suction and release the cells 

were resuspended in the solutions of cations there 

by not causing much damage to augment that more 

the number of viable cells so high could be the 

chance for successful transformation. 

 

In the present study monovalent, divalent and 

trivalent cations induced competency. The reason 

for CaCl2 solution to induce competency with 

higher transformation efficiency could be the 

PHB/Polyp complexes in the lipid bilayers of E. 

coli are channels related to the translocation of 

exogenous DNA in the organism. These PHP/Polyp 

channels appear to have high density of negetaive 

charges on their phosphate backbone and have 

higher affinity towards Ca2+ ions [12, 13]. While 

rest of cations used were not as good as Ca2+ ions 

but what was important is that they were also able 

to induce competency with good transformation 

efficiency. 

 

The pH of chemical solution is an important factor 

in uptake of DNA [14]. It was reported decrease in 

pH results decrease in conductance of PHB 

channels to the bivalent cation such as Ca2+ this 

seems to be significant because DNA translocation 

in vitro across a lipid bilayer appears to be an 

electrophoretic process [15, 16]. The potential 

difference required for this process is generated by 

the activity of high conductance channels in the 

membrane. Salts of various cations were dissolved 

in double distilled water of pH 6.5 which is slightly 

less than the physiological pH 7.2 – 7.8 of E. Coli 

[17] and the resulting chemical solution of 

respective salts had no change in pH except for 

aluminium chloride which had acidic pH of 5.5; 

this reduction in pH may have resulted in lesser 

transformation efficiency for Al3+ cation when 

compared with other cations. This makes that the 

valency of cation, binding affinity of membrane 

channels and the pH had effect on making a cell 

competent. The pH of aluminium chloride solution 

could be adjusted at physiological range and also 

the pH of all the solutions could be varied to check 

transformation efficiency in studies made in future. 

The whole process of inducing competency and 

transformation was completed in less than 4 hrs. 

The competent cells were stored at -20 °C with 

good transformation efficiency between 106 to 105 

CFU/µg DNA for 5 weeks even though 

transformation efficiency showed a decreasing 

trend the cells were usable. 

 

The procedure used in this study for preparation of 

competent cell had only salts dissolved in water to 

form ionic solution of mono, di and tri valent 

cations and used for achieving the state of 

competence. No other compounds were added to 

aid or induce competency apart from the salts used 

proving cations in general irrespective of their 

valence have significant effect in making the cell 

competent. The competent cells are mixed with the 

plasmid DNA and given a heat shock 42 ºC for 2 

min and immediately placed on ice for 20 min. 

Heat shock destabilises the membrane and 

facilitates uptake of DNA. The cold shock is 

thought to crystallize the membrane after heat 

shock as heat and cold shock are basics of chemical 

transformation procedures [18, 6].  

 

The injured host cells require recovery step and are 

transferred to a nutrient medium to allow the 

injured host cells to uptake DNA and recover their 

physiological function and drug resistance. The 
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actual transport of the DNA through the cell 

membrane is carried out by DNA translocation 

machinery that has three components i.e. the DNA 

receptor, the permease/channel protein and the 

ATP binding protein classified as a DNA 

translocase by Transport Protein Database [14]. 

This process requires time and carried out during 

this incubation step. The host cells are plated on a 

selective medium to screen for transformed cells 

otherwise, the transformation efficiency would 

decrease by several times. 

 

The study thus documents that cations of different 

valence could induce competency in E. coli. The 

difference found in result was, the higher 

transformation efficiency of Ca2+ compared to the 

other cations used but the most important was 

basically all the salt solutions of associated cations 

were able to induce competency. In nature, the pH 

and cations of various salts present may influence 

the microorganisms to be in constant state of 

competence to uptake DNA which would result in 

acquisition of new genes leading in development of 

new strains. The transformation efficiency achieved 

was high and cells retained competency for 5 

weeks stored at -20°C. When compared to other 

protocols reported so far this is highly cost 

effective and simple method that could be used in 

day to day routine. 
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Figure 1: Transformation efficiency of competent cells stored under -20 ºC treated using differen salt 

solutions - cation  
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