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Objectives: In-house preparation of chemically competent and 

electrocompetent Top 10 E. coli is not only economical but 

meets the needs for most of the molecular cloning work. For 

such transformations an optimum range of plasmid 

supercoiled DNA is needed. Therefore, the present study 

describes the modification of two protocols for the preparation 

of such cells, and optimization of the amount of plasmid 

supercoiled DNA required for better efficiency.  

Materials and methods: As most of the available protocols to 

render bacterial cells competent need special media or 

chemicals and are time consuming, the methods from Helen 

Donis-Keller Laboratory Manual of Washington University in 

St. Louis and Goldberg Laboratory Standard Protocols of the 

United States Department of Agriculture have been used after 

meticulous selection and with few modifications for preparing 

chemically competent and electrocompetent Top 10 E. coli, 

respectively. The transformation was carried out using pUC19 

supercoiled plasmid DNA.  

Results: The transformation efficiencies of chemically 

competent and electrocompetent Top 10 E. coli were found to 

be 1.1 x 106 and 7.88 x 107 tranformants/µg of DNA, 

respectively. Such efficiencies are slightly higher than the 

required (105-106 transformants/µg DNA) for most of the 

cloning experimentation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: The results of the present study indicate 

that for sufficient transformation competence rates the 

optimum range of plasmid supercoiled DNA is 10 ng for 

chemically competent and 0.1 ng for electrocompetent 

Top 10 E. coli.   

 

 

The induction of competent state in Escherichia coli (E. 

coli), the workhorse of molecular biology, is an important 

and widely used laboratory procedure serving the needs 

for molecular cloning and genetic manipulation 

experiments. Introduction of the plasmid vector, an 

essential and primary step in such experimentation, can 

be accomplished by different procedures. These methods 

alter permeability of cell membrane and can be generally 

divided into two categories, chemical transformation and 

electroporation [1, 2].  

The classical method of preparing chemically 

competent E. coli using calcium chloride and 

transformation of DNA by a short  heat pulse at 42 oC, 

devised in early 1970’s [3]  is still the  most widely used 

cloning method especially in small laboratories [4]. There 

are many reports about the improvements in protocols to 

obtain better competent cells [5, 6, 7, 8, 9, 10]. The 

improved have resulted in transformation efficiencies of 

105-107 transformants/µg of transformed supercoiled 

plasmid DNA are reoprted [11, 12].  

Neumann and co-workers developed electroporation 

technique in 1982 originally to introduce DNA into 

eukaryotic cells [13], and latter, the technique was 

applied to transform E. coli resulting in higher efficiencies 

ranging from 109–1010 transformants/µg DNA [14, 15]. 

Despite the method is cost intensive and makes use of 

expensive equipment including electroporator, the 

technique is now a method of choice for transformation, 

particularly when higher efficiencies are required [2, 16, 

17]. The method was modified, and such modifications 

have resulted in improvements in the various aspects of 

the electroporation protocols [16, 17, 18, 19, 20]. 

A number of commercial competent cells of high 

transformation efficiencies (109-1011 transformants/µg 
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DNA) are available but they are expensive and difficult to store 

[4]. For most of the routine cloning experiments, in-house 

competent cells are the best choice subject to achieving the 

required transformation efficiency. Therefore, the present 

study aims to find an efficient, easy and cost effective approach 

to prepare in-house Top 10 E.coli for transformation by heat 

shock and electroporation methods. 

 

    

Bacterial strain, media and chemicals 

The bacterial stains, media and chemicals include Top 

10 E. coli (Invitrogen), Luria Bertani (LB) medium (Difco) 

and MgCl2, CaCl2, ampicillin and glycerol (Sigma Aldrich).  

Preparation of chemically competent Top10 E. coli  

Top10 E. coli were made chemically competent using 

the Washington University in St. Louis Helen Donis-Keller 

Laboratory Manual Protocol [21] with few modifications. 

Briefly, the strains were streaked onto an LB agar plate and 

incubated overnight at 37 oC. A healthy colony was 

inoculated into 50 ml LB broth and incubated overnight at 

37 oC in shaker incubator (BioRad) at 250 rpm [12, 15, 20, 

22, 24]. Half of the overnight culture (25 ml) was added to 

each of the previously temperature equilibrated 250 ml of 

LB broth in two new flasks and incubated at 37 oC at 250 

rpm. The culture was grown to OD600 of 0.2 and 75 ml of 

the temperature equilibrated LB broth was added to each 

flask. The culture was grown for 30 min (rest of the 

procedure was carried out on ice) and harvested by 

centrifugation at 5000 rpm and 4 oC for 10 min. The pellet 

was suspended in 1/4 of the original volume (87.5 ml) of ice 

cold 100 mM MgCl2 and held on ice for 5 min. The cells were 

harvested (4000 rpm and 4 oC for 10 min) and re-suspended 

in 1/20 of the original volume (17.5 ml) of ice cold 100 mM 

CaCl2. The cells were then held on ice for 20 min, centrifuged 

(4000 rpm and 4 oC for 10 min) and suspended in 1/100 the 

original volume (3.5 ml) of a solution that is is a mixture of 

85% (v/v) 100 mM CaCl2 and 15% (v/v) glycerol. The cell 

suspension (100 µl) was transferred into pre-chilled 

eppendorf tubes and stored at -80 oC. The transformation 

was carried out after a minimum storage of 24 h to evaluate 

the efficiency. 

Transformation by heat shock method 

One microlitre (10 ng) of pUC19 DNA was mixed with 

50 µl of competent cells and held on ice for 10 min. The cells 

were incubated at 42 oC in water bath for 2 min. Thereafter, 

950 µl of LB broth was added and incubated at 37 oC and 

250 rpm for 45 min. A volume of 5, 10, 25 and 50 µl of 

transformation mix were plated onto LB-ampicillin agar (25 

µg / ml) and incubated overnight at 37 oC. 

Preparation of electrocompetent Top 10 E. coli  

Induction of electrocompetent state in Top 10 E. coli 

was carried out using the United States Department of 

Agriculture Goldberg Lab Standard Protocols [24] with few 

modifications. Briefly, E. coli strain was streaked onto an LB 

agar plate and incubated overnight at 37 oC. Five millilitres 

of LB broth was inoculated with a single colony of Top 10 E. 

coli and incubated overnight at 37 °C and 250 rpm. 

Overnight culture was diluted 1:100 (2.5 ml in 250 ml) in 

fresh LB broth in a new flask and grown at  37 °C and 250 

rpm to OD 600 of 0.5 to 0.6. The cultures were chilled 

on ice for 10 min and transferred to pre-chilled 

centrifuge bottles to harvest the cells by spinning at 

4000 rpm and 2 °C for 20 min. All subsequent steps 

were carried out at 2 °C. The cell pellets were 

suspended in 2.5 ml of ice cold dH2O which were then 

transferred to an equal volume (250 ml) of ice cold 

dH2O and mixed well. The cells were collected by 

centrifugation at 4000 rpm and 2°C for 20 min. The 

pellet was suspended again in same volume of ice cold 

dH2O, mixed well and centrifuged as mentioned 

earlier. The cells were then added to 0.08 of the 

original volume of ice-cold 10% glycerol (20 ml for a 

culture of originally 250 ml), mixed well and collected 

by centrifugation at 4500 rpm and 2°C for 10 min. The 

cells were suspended in ice-cold glycerol (10%) on ice 

in a volume equal to the cell pellet. Aliquot of 100 μl of 

the cell suspension were transferred to pre-chilled 

microcentrifuge tubes and stored at -80 °C. 

Electrotransformation  

The electroporator (BioRad) was set to 2.5 kV, 25 μF 

and the pulse controller to 200 omega. One micro litre 

(0.1 ng) pUC19 DNA was added to tubes containing 50 

μl cells on ice and mixed by swirling with pipette. The 

cells were transferred to a pre-chilled electroporation 

cuvette (0.2 cm electrode gap) using a narrow pipette 

tip. The cuvette was placed into the sample chamber 

and pulse was delivered. The cuvette was removed 

from the sample chamber and 950 μl LB broth was 

transferred to the cells immediately. The 

transformation mix was transferred to a fresh tube 

and incubated for 45 min at 37 °C with moderate 

shaking. Volumes of the transformation mix (5, 10, 25 

and 50 µl) were plated on LB-ampicillin agar (25 

µg/ml) plates and incubated overnight at 37 °C. 

 

 

The competent cells without transformation were 

plated onto LB-ampicillin agar (25 µg ampicillin/ml of 

agar) to check the background. No growth was observed 

on these plates that indicated that the background was 

zero. The colony count was done on the plates inoculated 

with transformed cells that showed well-separated single 

isolated colonies after overnight incubation. The counts 

of >300 and <100 colonies per plate were not included in 

calculations, in order to avoid counting error in too dense 

or too thin population. The transformation efficiencies 

were calculated using the following formula. 

 

 

 

Initially, preliminary screening was carried out using 1 

ng pUC19 DNA to transform both types of competent 

cells. The results showed that growth was too sparse 

(>100) for chemically competent cells while too dense 

(<300) for electrocompetent cells, hence the number of 

colonies was not in the selected range. Thereafter, 

chemically competent and electrocompetent cells were 
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transformed with 10 ng and 0.1 ng (100 pg) of pUC19 DNA, 

respectively. 

Results of the three independent replicates of chemically 

competent cells transformed with 10 ng of supercoiled pUC19 

DNA for are shown in Table 1. LB-ampicillin agar plates 

inoculated with 5 and 10 µl of transformed cells have shown a 

number of colonies <100 which fall out of the expected error 

free range of the colony count. The plates inoculated with 25 µl 

have shown a number of colonies per plate within the set range 

of >100 and <300 colonies per plate. Based on such findings, 

the transformation efficiency was calculated using the mean of 

three replicates and was found to be 1.1 x 106 

transformants/µg of transformed supercoiled DNA. The 

numbers of colonies using 50 and 100 µl plating volumes were 

considered innumerable being much out the maximum limit of 

300 colonies per plate. 

The results showing the number of colonies with different 

plating volumes of electrocompetent cells transformed with 

0.1 ng of pUC19 supercoiled DNA are shown in Table 2. The 

number of colonies within the range of <100 and >300 per 

plate was found on the plates inoculated with 25 µl of 

transformed elelctrocompetent Top 10 E. coli. The 

transformation efficiency calculated using abovementioned 

formula and mean of three replicates was 7.88 x 107 

transformants/µg of transformed supercoiled DNA. The colony 

counts on plates inoculated with other volumes of transformed 

cells were out of the error free range for colony count (>100 - 

<300) and were not used for any calculation (Table 2). 

 

    

Many strains of E. coli with high transformation 

efficiencies (108 – 1011 transformants / μg DNA) are available 

commercially. High transformation efficiencies are needed only 

for a few of the cloning procedures while for majority of the 

procedures this is not the prime concern. The transformation 

efficiencies of 105 – 107 transformants / μg DNA suffice most of 

the experimental needs and can easily be achieved through 

preparation of in-house competent cells [12]. In our 

experiments, the transformation efficiencies for the chemically 

competent and electrocompetent Top 10 E. coli are found to be 

1.1 x 106 and 7.88 x 107 transformants / µg of DNA, 

respectively, which are sufficient enough to meet the 

requirements for most of the routine molecular cloning 

procedures.  

At present a fairly large number of protocols for the 

preparation of competent cells are available [1, 3, 8, 16, 17, 22, 

23, 25, 26, 27] however, most of them are either time 

consuming or have special requirements in terms of media, 

chemicals and equipment. In the present study, we have used 

very simple and easy protocols to prepare competent E. coli. As 

an example the requirement for enriched media like SOC or 

terrific broth during recovery phase was circumvented by 

using pre-warmed LB broth in tubes large enough for aeration 

and adjustment of recovery time.  

Evaluation of transformation efficiencies can be done using 

plasmid vectors of different sizes however, plasmid of >10 kb 

may require special optimization of transformation conditions. 

In the present study, we have used pUC19 (2.7 kb) which is one 

of the reference plasmids used to calculate transformation 

efficiency [1, 23].   We have found comparable results 

using an in-house plasmid of 4.7 kb. This shows that 

transformation efficiency can be evaluated using any 

plasmid of appropriate size and marker gene. 

The concentration of the transformed DNA is another 

determining factor in evaluation of transformation 

efficiency. Various concentrations of plasmid DNA 

ranging 10 pg to 10 ng can be used. Transformation 

efficiency is slightly reduced at DNA concentratiosn > 1 

μg. Generally it is recommended to use approx 1 ng of 

plasmid DNA. The optimized concentrations, 10 ng of 

DNA for chemically competent and 0.1 ng for the 

electrocompetent cells produce optimum number of 

colonies when 25 µl of the transformation mix is plated 

on LB-ampicillin agar plate of 9 cm diameter. 

The results of this study show that both the 

protocols, modified and simplified, may reliably be used 

for preparation of chemically competent and 

electrocompetent E. coli exhibiting good transformation 

efficiencies.  

 

 

It is concluded from the results this study that 

optimum range of plasmid supercoiled DNA for 

transformation for chemically competent and 

electrocompetent Top 10 E. coli is 10 ng and 0.1 ng, 

respectively. Moreover, the two methods described for 

transformation are simple and efficient, and may be 

helpful for preparing competent Top 10 E. coli in less 

time and cost. 
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a Method of transformation; b Amount of transforming DNA;c Number of transformant colonies/LB-ampicillin agar 

plate  in three independent experiments; Exp (Experiment) 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

a Method of transformation;b Amount of transforming DNA;c Number of transformant colonies/LB-ampicillin agar 
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Methoda DNAb  

 

Vol. 

Plated (µl) 

Coloniesc 

Exp. 1 

Coloniesc 

Exp. 2 

Coloniesc 

Exp. 3 

Average No. of Colonies 

5 <100 <100 <100 - 

10 103 <100 <100 - 

25 273 292 261 275 

50 >300 >300 >300 - 

Heat 

shock 

method 

10 ng 

100 >300 >300 >300 - 

 

Table 1. Plating volumes and number of colonies of the chemically competent  Top 10 E. coli 

transformed with pUC19 supercoiled DNA 

 

Methoda DNAb Vol. 

Plated 

(µl) 

Coloniesc 

Exp. 1 

Coloniesc 

Exp. 2 

Coloniesc 

Exp. 3 

Average No. of Colonies 

5 <100 <100 <100 - 

10 <100 <100 <100 - 

25 197 219 173 197 

50 >300 >300 >300 - 

Electrop-

oration 

0.1 ng 

100 >300 >300 >300 - 

 

Table 2. Plating volumes and number of colonies of the electrocompetent Top 10 E. coli 

transformed with pUC19 supercoiled DNA 
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