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ABSTRACT: Chlorine is a chemical element most widely used for water disinfection. It can be found in small amounts in 
drinking water and swimming pools. However, some strains of bacteria can survive under chlorine treatment, and they are called 
chlorine-resistant bacteria (CRB). The purpose of this study is to develop a novel antibacterial treatment of chlorine-induced 
antibiotic resistance in Escherichia coli (E. coli). Twelve water samples from a swimming pool were collected and screened for 
bacteria contamination using agar plates. The isolated bacterial strain was identified using BLAST sequence alignment of the 
16S rRNA gene sequence. The bacterial growth was analyzed by measuring the optical density (OD) at 600 nm wavelength using 
a spectrometer. DNase I was used to treat the bacteria samples to measure the antibacterial effect under various concentrations 
of chlorine. Through screening, bacterial contamination in the plate with water from the edge of the main pool was detected. 
Then, DNA purification was performed to isolate the 16S rRNA gene of the bacteria. PCR was used to amplify the DNA 
sample, for which Sanger sequencing arranged about 800 base pairs of DNA sequence. The sequence alignment was identified 
as staphylococcus (100% match). Subsequently, staphylococcus and E. coli were treated in different chlorine concentrations, and 
staphylococcus showed higher chlorine resistance of up to 1 ppm chlorine concentration. In order to inhibit the growth of CRB, 
DNase I was used as a treatment. Based on the growth curve, it was discovered that DNase I effectively kills bacteria at 10 ppm 
chlorine concentration. DNase I treatment may degrade the chlorine-resistant genes and inhibit the growth rate of chlorine-
resistant staphylococcus isolated from the swimming pool. The obtained result suggests that DNase I treatment may provide the 
basis for a new antibacterial approach to inhibit the growth of the chlorine-resistant bacteria.
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�   Introduction
Chlorine is a common, effective disinfectant for treating 

pathogens including bacteria, viruses, and parasites by oxi-
dizing cell membranes to result in corrosive tissue damage.¹ 
Around 0.2-1.0 ppm is added to drinking water, and around 
1.0-3.0 ppm is added to swimming pools.² The use of chlorine 
has significantly reduced the occurrence of waterborne diseases, 
and it has played a pivotal role in modern water purification.³ 

Chlorine-resistant bacteria (CRB) are bacteria that are re-
sistant to chlorine disinfection. This evolves as a result of the 
process of chlorination; it promotes the growth of antibi-
otic-resistant bacteria.⁴ Bacteria develop resistance through 
genetic mutation or transmission of antibiotic genes from oth-
er bacteria.⁵ Some CRB even exhibit pathogenic traits along 
with antibiotic resistance. However, even nonpathogenic CRB 
must be closely observed since it may later develop to become 
pathogenic. The central problem with the current method of 
chlorine disinfection is that it does not serve as an effective 
treatment for such CRB.⁶   

Bacteria found in chlorinated water samples may be more 
chlorine resistant compared to those found in pre-chlorinated 
water samples.⁵  Since chlorine disinfection is the most com-
mon method of water purification, it is essential to provide 
a solution to the possible side effects of chlorine.⁷ Moreover, 
bacterial chlorine-resistance can grow stronger over multiple 
generations; the magnitude of threats posed by CRB may 

become greater over time.⁸ This development of chlorine 
resistance is recognized as a global threat in the scientific com-
munity.⁹ Thus, this study attempts to propose a method for a 
novel antibacterial treatment to target CRB, while minimizing 
the potential side effects. 

Previous studies have suggested that CRB can be generat-
ed by natural DNA transformation.⁵ It was claimed that the 
process of chlorination mediates the permeabilization of the 
cell membrane and leads to the facilitation of the horizontal 
transfer of antibiotic-resistant genes in bacteria. This study 
hypothesized that degrading DNA will deter this process of 
chlorine-resistant gene transfer, which, in turn, will effectively 
inhibit the growth of CRB. In order to inhibit this gene trans-
fer, the cells were treated with Deoxyribonuclease I (DNase I) 
in this study. DNase I is an endonuclease that degrades DNA 
through cleaving chains of nucleotides at phosphodiester link-
ages.¹⁰ It is also known to play a role in DNA fragmentation.¹¹
�   Methods
Sample water collection:
Twelve sterilized water bottles were prepared in order to 

collect water samples from a pool (Figure 1). At the Gwangju 
Nambu University International Swimming Pool, there are 
three pools: the main pool, a warm-up pool, and a diving pool. 
From each swimming pool, water samples were taken from 
two locations: the center and the edge. This was to account for 
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possible differences in the presence of bacteria depending on 
different locations. We predicted that there would be a higher 
chance of finding bacterial colonies at the edge of the pool, 
as it is exposed to a higher frequency of contact with people 
both in and out of the water.

Contamination screening for water samples:
To screen for bacteria contamination, agar plates were pre-

pared as shown in Figure 2. 1.5 g of bacto-agar (BD Science) 
and 3 g of Luria-Bertani (LB) broth (BD Science) were dis-
solved in 110 mL of distilled water and were sterilized by 
autoclaving. Then, the solution was poured into the plates. 
After the agar plates were solidified, 2 mL of water samples 
from the swimming pool was added to the plate and placed 
in a 37 oC incubator for 18 hours.

DNA extraction from isolated bacteria:
After culturing the isolated bacteria on an agar plate in 

fresh LB solution for 16 hours, QIAamp DNA Mini Kit 
(Qiagen) was used to extract the genomic DNA. First, the 
bacteria were lysed to disrupt the cell membrane and nucleus. 
The lysis solution was then moved to a column-containing 
tube, where the extracted DNA was bound to a spin column. 
Then, washing buffer was added to remove other cellular 
components from the column. Finally, an elution buffer was 
added to collect the DNA.

16S rRNA gene sequencing:
The following primer sequence was used for 

16S rRNA gene amplification: forward primer: 5’- 
AGAGTTTGATCCTGGCTCAG -3', reverse primer: 
5’- CCGTCAATTCCTTTRAGTTT -3’. Sanger sequenc-
ing was used to identify the bacteria sequence from the 

amplified DNA region. Sanger sequencing service was pro-
vided by Bioneer (Biotech in Korea).

BLAST sequence alignment tool:
BLAST is a web-based sequence alignment program 

that compares the query DNA sequence with a database of 
sequences.¹² This tool is often used to identify unknown bac-
teria strains. The query sequence was selected to be ~700 bp 
of the 16S rRNA gene sequence from isolated bacteria. 100% 
identical sequence was analyzed through BLAST alignment 
tool.

Bacteria growth curve analysis:
The growth of bacteria in liquid culture media with LB 

broth (Gibco) was measured using a spectrometer (BioteK) 
at optical density of 600 nm (OD600), which represents the 
microbial cell growth.

DNase I treatment:
20 units of DNase I (Enzynomics) were used on the bac-

teria. The DNase I was used as a treatment on the bacteria 
during indicated time points in the figures below. 

 �   Results and Discussion

To determine the presence of bacteria, agar plates were 
used. Agar plates are petri dishes consisting of agar, a medium 
used to culture microbes and microorganisms. LB Broth was 
also added to the agar plates to facilitate the growth of bac-
terial colonies. Presence of bacteria can be visibly identified 
through the formation of white circular shapes. 

Water samples were collected from three different pools 
each at the center and edge, making a total of six different lo-
cations. A bacterial colony was only detected in the agar plate 
with water sample taken from the edge of the main pool, in-
dicated by the small, white circle on the plate. No colonies 
were formed in the other 5 water samples (Figure 3).

The objective of the next experiment was to identify the 
type of bacterial strain found in the swimming pool. One of 
the common methods for identification of bacteria is through 
DNA sequencing. First, genomic DNA was extracted from 
the isolated bacteria. Then, polymerase chain reaction (PCR) 
was used to amplify the 16S rRNA gene. Previous studies 
showed that analyzing the 16S rRNA gene sequence is com-
monly used for identifying the type of bacterial strain.¹³

Figure 1: Water samples were collected from both the center and edge of 
three swimming pools: Warm up pool, main pool, and diving pool (Gwangju 
Nambu University International Swimming Pool). 

Figure 2: Agar plates were prepared with 10 mL of solution of bacto-agar 
and LB broth. 

Figure 3: CRB in swimming pools were screened with agar plates after 3 
days of incubation. One bacteria colony was detected on the water sample 
isolated from the main pool (edge). The magnified image of the colony is 
shown on the bottom left corner. Scale bar = 5 mm. 
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coccus still showed a high level of cell density. 1 ppm is the com-
mon chlorine concentration that can be found in swimming 
pools. At 10 ppm, the cell density of staphylococcus dramatically 
decreased but a small population of cells were still able to sur-
vive. At concentrations greater or equal to 100 ppm chlorine, 
both staphylococcus and E. coli were not able to grow. There-
fore, it can be concluded that the isolated staphylococcus showed 
chlorine resistance up to 10 ppm (Figure 5).

This experiment aimed to find the optimal concentration of 
DNase I that inhibits the growth of the isolated Staphylococ-
cus. Five different concentrations of DNase I treatment were 
tested after 48 hours of incubation. As shown in Figure 6, ab-
sorbance value decreases until 20 units of DNase I treatment 
and the level of reduction is saturated at higher concentrations. 
Since the goal was to find the minimum concentration with 
the highest effect on cell growth, 20 units seemed to be the 
optimal concentration for DNase I treatment. 

To finally determine the effect of DNase I treatment on 
the growth of chlorine resistant staphylococcus, two different 
concentrations of chlorine solution (1 ppm and 10 ppm) were 
tested on the isolated staphylococcus from the swimming pool. 
For the two concentration conditions, cells were grown for 4 
days in presence or absence of 20 units of DNase I. 

From Figure 7A, it can be concluded that DNase I treat-
ment did not have a significant effect on the bacterial growth 
under 1 ppm chlorine concentration. From Figure 7B, it can 
be concluded that DNase I treatment effectively inhibits the 
bacterial growth when cells are grown in 10 ppm chlorine con-
centration.

Subsequently, Sanger sequencing was used to identify about 
800 base pair sequences. This sequence information was pro-
cessed through a web sequence alignment tool called BLAST 
in order to align the sequence stored in the current genome 
database. The bacterial strain showed 100% match with the 
Staphylococcus bacteria sequence (Figure 4).

The purpose of this experiment was to test the chlorine re-
sistance of the isolated staphylococcus. In order to do so, 7 
different concentrations of chlorine solutions were prepared, 
and the cell density of each Escherichia coli (E. Coli) and staph-
ylococcus was measured after 48 hours of growth. OD600 
represents the total cell density of the bacteria. E. coli was also 
tested as a negative control for chlorine resistance.  

Without the addition of chlorine, both E. coli and Staphy-
lococcus showed high levels of cell density. At 1 ppm chlorine 
concentration, E. coli was unable to grow, whereas staphylococcus 

Figure 5: Proliferation of (A) Staphylococcus and (B) E. coli in various 
chlorine concentrations measured by OD 600. 

Figure 7: Comparison of DNase I treatment effect on staphylococcus growth 
rate during 4 days of incubation under (A) 1 ppm and (B) 10 ppm chlorine 
treatment. DNase I treatment inhibits the CRB proliferation under 10 ppm 
chlorine condition, whereas it has minimal effect on CRB proliferation under 
1 ppm chlorine condition.

Figure 4: 16S rRNA DNA sequencing result of CRB sample shows 100% 
sequence identity with Staphylococcus sequence.

Figure 6: Effect of various concentrations of DNase I treatment on cell 
survival of Staphylococcus.
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The result can be interpreted as DNase I treatment is unable 
to effectively inhibit the growth of bacteria that has already 
developed chlorine resistance but is effective in a new envi-
ronment (with a greater chlorine concentration) so that CRB 
has difficulty adjusting and adapting. In conclusion, DNase I 
blocks the transfer of chlorine resistant genes so that bacteria 
cannot survive in environments with larger amounts of chlo-
rine added.
�   Conclusion
The bacterial colony detected in the swimming pool was 

identified as staphylococcus. Staphylococcus is a genus of bac-
teria under the family Staphylococcaceae. Its name is derived 
from its grape-like appearance under a microscope. It often 
causes skin infection as well as other diseases such as pneu-
monia and bone infections in rare cases. Staphylococcus is 
occasionally found in swimming pools.¹⁴ Compared to E. coli 
bacteria, it is expected to have higher resistance to chlorinat-
ed water, as it is more commonly found in pools. Therefore, 
a new method was created and tested in order to inhibit the 
growth of such CRB. The results of this study suggest that 
DNase I treatment can effectively inhibit the growth of CRB 
in a 10 ppm chlorine solution, which would otherwise have 
been resistant to the antibacterial effect of chlorine. This can 
be explained by the possible DNase I-induced degradation of 
DNA that is responsible for chlorine resistance. The results 
suggest that DNase I treatment may provide the basis for a 
new antibacterial approach to inhibit the growth of the chlo-
rine-resistant bacteria.

Based on the results of the study, further exploration is 
needed to determine the effectiveness and safety of DNase I 
treatment. Since chlorine resistance may grow stronger over an 
elongated period, the issue of CRB may be exacerbated over 
time. As a possible solution to the elevating threat of CRB on 
the environment, this study hopes to provide a clue to inhibit 
harmful microbial growth more effectively.
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