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efficiency is to wash competent cells thoroughly to reduce conductivity» was noted in the study [8]. Inspired 
by this, in our study, the purpose of reducing the conductivity of the electroporation media was achieved by 
increasing the elution frequency. 

Figure 3 indicated that under the same electric field strength, the longer pulse time is due to increase the elu-
tion times of competent cells with the electroporation medium for washing. The reason was deduced, because 
the conductivity was reduced by reducing the number of metal ions in the electrocompetent culture. According 
to research, have validated that for the electrocompetent culture, the optimum field strength is 23 kV/cm for 
transformation of B. subtilis [1; 8]. Therefore, it is not proper to increase the electric field strength for in-
creasing the pulse time, because higher electric field strength will markedly reduce the cell survivability [26]. 
To a great extent, exogenous DNA could penetrate through the cell wall when using a longer pulse time, resul
ting in better transformation and homologous recombination efficiency. 

Although, efficiency transformation could be significantly improved by increasing the elution frequency 
within a certain range. It is worth noting that the more elution frequency, the fewer living competent cells, 
resulting in a low transformation efficiency. Under the condition of OD600 = 1.2, the highest transformation 
efficiency was observed at the 5th time elution (see fig. 3). At this moment, a distinct equilibrium between 
the elution frequency and the number of living competent cells was attained with 6.0 ⋅ 105 CFU/µg of plas
mid DNA. 

This factor was founded that increasing the elution frequency from 1 to 5 times resulted in a 300 fold in-
crease in the transformation efficiency of B. subtilis strain 5434. Therefore, this is a useful approach to improve 
the transformation efficiency of B. subtilis by increasing the elution frequency to reduce the conductivity of 
electrocompetent culture under the condition of ensuring a higher cell survivability and by effectively exten
ding the pulse time under the same electric field strength. 

The conclusion could be derived from fig. 3: the pulse time is inversely proportional to the conductivity 
of electrocompetent culture. Under the same electric field strength, the pulse time is directly proportional 
to the transformation efficiency. Therefore, the conductivity of electrocompetent culture can be reduced by 
increasing the elution frequency, thereby achieving the purpose of increasing the transformation efficiency. 
Increase of elution frequency as a novel applied methodology could significantly improve the efficiency trans
formation.

Quantity of integrative plasmid DNA. Significant amounts of plasmid DNA are usually used in protocols 
to acquire transformants of B. subtilis and other gram-positive bacteria [25; 27]. To evaluate the optimum con-
centration of plasmid DNA for B. subtilis transformation in the electroporation solution mix, a does-dependency 
for plasmid DNA ranging from 1 to 140 ng was conducted (fig. 4). Among of them, 65 ng of plasmid DNA was 
necessary to obtain the most living transformation strain (fig. 5). However, the highest transformation efficiency 
could be achieved when 20 ng of plasmid DNA applied under OD600 = 1.2. Competent cells were washed 5 times 

Fig. 3. Effects of elution frequency on the transformation efficiency of B. subtilis strain 5434  
using the high osmolarity method. The data demonstrated the means of three transformations.  

The optimised protocol of high osmolarity defined in section «Materials and methods»  
was followed. Also 60 ng of plasmid pMTL7-1 as a positive control of transformation  

were used in the transformation with the settings 25 µF, 23 kV/cm, 200 Ω


