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Determination of the effect of marjoram and rhinoceros on UV damage in
bacteria using microbiological and molecular techniques
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Abstract: Nowadays, UV lights are a substance that has gained a place in many areas even if it is used in different
conditions and jobs. At the same time, in today's technology, many technological products have been preferred with the use
of UV at different intensities in terms of sterilization and cleaning. Chief among these are environmental sterilizers, and in
laboratory areas, they are used for purposes such as environmental sterilizers, DNA imaging, sterile cabinets and PCR
cabinets. In addition, its damages are also high. It can cause skin and skin cancers, as well as causing blindness in contact
with the eyes. With this project, plant extracts, which are known to have many effects, were examined in this aspect in
order to prevent possible damage from UV light. For this purpose, E. coli bacteria was chosen. Marjoram and rhinoceros
extracts were obtained to positively affect UV application. Extracts were added to grown bacteria in broth and exposed to
UV for 1 and 6 hours and compared with UV-damaged bacteria without added extract. The results were investigated by
Real-Time PCR analysis of DNA and universal bacterial primers and re-isolation of bacteria in the medium. The results of
the study showed that the morphological character of the bacteria used was same of E. coli’s morphological character. E.
coli bacteria were grown in LB medium and were observed to grow in both solid and liquid media. The marjoram and
rhinoceros extracts used in the study were obtained by the methanol method. Bacteria cultivated in liquid medium in 2.0
ml centrifuge tubes were divided into different groups and exposed to UV for 1 and 6 hours. No bacterial growth was
observed in any group after 6 hours of UV. However, positive binding was observed in PCR. While there was no
improvement in the medium in the 1-hour UV groups, the highest copy number was observed in the marjoram group
compared to the control group in the PCR image. In light of these results, it was observed that the amount of amplifiable
bacterial DNA in marjoram extract was higher than the control group. As a result, it was observed that marjoram extract
absorbed UV at a higher rate than rhino herb. It has been shown that it can be fully effective if the UV exposure time is
reduced.
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1. INTRODUCTION

DNA damage may occur for various internal and external
reasons. The main ones are single and double strand
breaks, oxidative damage, crossovers and mutations.
(Fidan, 2000)

DNA damage has been linked to diseases such as
cardiovascular disease, aging and cancer. (Ames &
Shigenara, 1992). The increase in the number of free
radicals formed in the body causes oxidative damage,
which in turn causes DNA damage (Atmaca & Aksoy,
2009). In addition, ionizing radiation and chemicals that
undergo autoxidation are the main causes of DNA
damage. (Halliwell & Aruoma, 1991).

E. coli is one of the most used bacteria in microbial
studies, and more than 1000 genes are involved in E. coli
DNA damage (Khill & Othero, 2002). Living organisms
create a response system against foreign agents that
damage DNA. This response system is necessary for the
repair of DNA damage (Khill & Othero, 2002).

One of the effective ways to prevent DNA damage is
bioactive substance applications (Kaur et al., 2019). For
example, studies on the protective role of flavonoids in
DNA exposed to UV can be found in the literature
(Koostra, 1994).

The marjoram plant (Origanum majorana) is a plant that
grows in rocky areas and on slopes, usually on limestone
(Davis, 1982). It is widespread in the southern and
western parts of our country and blooms between April
and August (letswaart, 1980). It is very rich in essential
oils (Azcan, 1998). The leaves of the plant can be used
whole, fresh or chopped. It is used among the public to
relieve stomach and muscle pain and increase blood
circulation. Marjoram is also known for its strong
antioxidant properties (Aysel, 2008, Evren & Tekgiiler,
2011). Rhinoceros grass (Prangos sp.) is a plant that
grows in the mountainous areas of our region and is used
by the local people for healing purposes for more than ten
diseases. This plant, which is generally found and
collected in mountainous areas in the spring, is not well
known throughout our country.

In this study, the protective effects of certain doses of
Marjoram and Rhinoceros herb plant extracts on the DNA
of E. coli bacteria exposed to various doses of UV were
examined.

2. MATERIAL AND METHODS
2.1. Bacteria Collection Supply

Bacteria were obtained from the clinical microbiology
laboratory. The supplied bacteria were taken as 0157:H7
strain. Re-isolation of the bacteria is essential to continue
the study as a fresh culture. For this reason, bacteria taken
from the liquid medium were replanted in the solid
medium (Bearson et al., 2009).

2.2. Obtaining Plant Extracts

Weighed 2.5 mg of the plant extract. It was diluted by
adding methanol at a ratio of 1:10 and was shredded with
an ultrasonic shredder. After it was observed that it was
completely disintegrated, it was centrifuged at 14000 rpm
for 10 minutes. Then, the supernatant was taken and used
as a plant extract (Correa & Evershed, 2014).

2.3. Medium Preparation

In the project, LB (solid) and LB (liquid) media were used
for the cultivation and development of bacteria. 5 g of LB
medium was weighed into 125 ml of pure water with a
ratio of 40 g/L. The weighed medium was kept in the
microwave oven at maximum temperature for 1 minute
until it boiled (approximately 6 min), then the autoclave
tape was applied and placed in the autoclave device.
Sterilized at 121°C for 15 min. The liquid medium was
kept until it reached room temperature (approximately 35
min). Then, it was transferred to the types in the sterile
cabin. The solid medium was waited until it reached the
appropriate pouring temperature (approximately 20 min
and 42°C), then 20 ml was added to each petri dish in the
sterile cabin. Petri dishes were allowed to dry by leaving
them at room temperature for 15 min and incubated at
37°C for 30 min (Lessard, 2013).

2.4. Bacterial Re-isolation (Solid Media)

The bacteria with a cell count of 0.6 OD at 600 nm (1x107
bacteria) in the LB liquid medium were taken with a 50 ul
automatic pipette and added to the LB solid medium. It
was spread by the loop drawing method and placed in the
incubator at 37°C for 24 h. The developing bacteria were
stored at +4°C to be planted in 1 ml liquid media prepared
again for UV damage (Peters & Jagger, 1981; Onalan &
Barlik, 2023).

2.5. Creating UV Damage

The bacteria were divided into different experimental
groups in different tubes. These groups are as follows.
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Table 1. The experimental setup used in the study

Group Group name Group description

1 E
2 Marjoram group 2
3 E
4 E
5 E
g Rhinoceros group E
8 E
9 Control group E

. coli +LB (1ml) + MKO Extract + 1 hour UV application
. coli +LB (1ml) + 1 hour UV application

. coli +LB (1ml) + MKO Extract + 6 hours UV application
. coli +LB (1ml) + 6 hours UV application

. coli +LB (1ml) + GO Extract + 1 hour UV application
.coli +LB (Iml) + 1 hour UV application

. coli +LB (1ml) + GO Extract + 6 hours UV application

. coli +LB (1ml) + 6 hours UV application

. coli +LB (1ml) + 6 hours UV application

The most commonly used UV-C light was used to cause
damage. UV light exposure was applied for 0, 1 and 6 h.
During the application, the UV glass light source was
covered with a styrofoam box and a cardboard box and
glued (Ozbey & Dilek, 2022).

2.6. Determination of Bacterial Growth After UV

After UV application, the bacteria in the liquid medium in
all centrifuge tubes were inoculated onto solid media
using a loop. In order to examine the growth of the
bacteria in the medium, the tubes were taken from the
tubes with the help of a loop and re-cultivated (Lessard,
2013).

2.7. Real-Time PCR Application of Groups After UV

After UV application, bacterial DNA isolations from the
tubes of all groups were performed with the QIACube Lt
automatic isolation device (Qiagen). DNA amounts were
measured with a nanospectrophotometer device
(QlAxpert, Qiagen). Real-Time PCR analysis (Rotor

Figure 1. Isolation steps of bacteria in this study
3.2. DNA isolation after UV damage

After UV damage, total DNAs were isolated in an
automatic isolation robot with a bacterial DNA isolation
kit. DNA concentrations of isolated bacteria are given
below.

Table 2. Concentration results of DNA isolated after from UV damage

Groups Concentration (ng/ul)
Control 1 h 57,4
Control 6 h 38,5
Marjoram 1 h 108,4
Marjoram 6 h 90,3
Rhinoceros 1 h 95,4
Rhinoceros 6 h 72,0

In line with these results, it is understood that the total
amount of amplifyable bacterial DNA was the least in the
control group, therefore the control group suffered the

Gene Q, Qiagen) was then performed using universal
27F-1492R primers. For this purpose, Real-Time PCR
master mix (12.5 ul), Forward primer (27F-1.5 ul),
Reverse Primer (1492R-1.5 ul), DNase RNase free water
(5.5 ul) and isolated DNAs (4 ul) were used. In the PCR
protocol, 45 cycles were completed: 15 min at 95°C, then
30 s at 94°C, 30 s at 60°C, and 30 s at 72°C. The PCR
protocol was completed with the last extension stage at
72°C for 7 min (Onalan, 2019).

3. RESULTS
3.1. Bacteria isolation

The growth of the bacteria provided within the scope of
the project in the medium was planned within 24 h at
37°C. The transplanted E. coli bacteria completed their
development within 24 h. It was observed that the
developing bacteria showed the same characteristics as E.
coli in terms of colony morphology. The developing
bacterial colony morphology is given below.

most damage, and the least damage was observed in the
marjoram extract.

3.3. Media Results After UV Damage

Bacteria cultivated in liquid medium in 2.0 ml centrifuge
tubes were divided into different groups and exposed to
UV for 1 and 6 h. No bacterial growth was observed in
any group after 6 hours of UV. However, positive binding
was observed in PCR. While there was no improvement
in the medium in the 1-hour UV groups, the highest copy
number was observed in the marjoram group compared to
the control group in the PCR image.



Hydrobiological Research, 2(1), 1-6, 2024 Onalan et al.

3.4. Real-Time PCR Results After UV Damage

As a result of Real-Time PCR analysis, even if the
bacteria lose their viability, primer binding with DNA
gives an idea about the extent of the damage. So much so
that in case of complete damage, denaturation due to DNA
damage and binding of the primer in PCR cycles will not
be observed. However, it is observed that PCR
amplification occurs with DNAs that remain intact or
completely intact when there is partial damage or
quantitative damage. In line with these results, it was
Figure 2. Media screen results from TSA after UV damage observed that the amount of amplifiable bacterial DNA in
the marjoram extract was higher than the control group.
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In order to verify the Real-Time PCR analysis and to show by HRM analysis that the PCR amplicons were collected
that the results did not give false peaks, it was confirmed on the same peak.

Figure 4. HRM analysis result obtained after Real-Time PCR analysis is given below.

Quantity measurements of Real-Time PCR products were Real-Time PCR device simultaneously with the PCR
carried out in real-time with concentration analysis on the process.
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Figure 5. Concentration graph results (h:hour)
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According to the results of Real-Time PCR analysis
performed with post-UV DNAs, it is seen that the group
with the highest concentration amount is the 1-h treatment
group of the marjoram group.

4. DISCUSSION

The results of the study showed that the morphological
character of the bacteria used was E. coli. The bacteria
were grown in LB medium and were observed to grow in
both solid and liquid media. The marjoram and rhinoceros
extracts used in the study were obtained by the methanol
method. Bacteria cultivated in liquid medium in 2.0 ml
centrifuge tubes were divided into different groups and
exposed to UV for 1 and 6 h. No bacterial growth was
observed in any group after 6 h of UV. However, positive
binding was observed in PCR. While there was no
improvement in the medium in the 1-hour UV groups, the
highest copy number was observed in the marjoram group
compared to the control group in the PCR image. In light
of these results, it was observed that the amount of
amplifiable bacterial DNA in marjoram extract was
higher than the control group. As a result, it was observed
that marjoram extract absorbed UV at a higher rate than
rhino herb. It has been shown that it can be fully effective
if the UV exposure time is reduced. The transplanted E.
coli bacteria completed their development within 24 h.

In their study in 2005, El-Ashmawy and colleagues
investigated the protective effect of some compounds
obtained from the marjoram (Origanum majorana) plant
on toxicity in mice. In his study in 2019, Dingoglu
investigated the antibacterial effect of marjoram plant on
some food pathogens and determined that plant extracts
were effective at different levels against 4 types of
bacteria, but were not effective on bacteria of the
Salmonella genus. In other study published in 2008,
Kunduraci studied the antioxidant activity of marjoram
plant essential oils and concluded that these essential oils
showed higher antioxidant activity than carvacrol and
similar substances. In another study conducted by Kaur
and her colleagues in 2019, it was determined that extracts
from various natural sources could stop or slow down
DNA damage. In another related study in 2009, Kootstra
investigated the role of flavonoids in preventing UV-B-
induced DNA damage and used an in vitro transcription
test for this purpose. The results obtained showed that
flavonoids, especially obtained from apple peel, prevent
DNA damage. In another study, the potential of 10
different phenolic acids to prevent DNA damage was
investigated and it was determined that rosmarinic acid
showed the highest activity in preventing DNA damage.
In addition, the damage prevention potential of molecules
such as beta carotene, ferulic acid and vanic acid was
evaluated (Agar et al., 2014).

In line with this study results, it is understood that the total
amount of amplifyable bacterial DNA was the least in the
control group, therefore the control group suffered the
most damage, and the least damage was observed in the
marjoram extract. No bacterial growth was observed in
any group after 6 hours of UV. However, positive binding
was observed in PCR. While there was no improvement

in the medium in the 1-h UV groups, the highest copy
number was observed in the marjoram group compared to
the control group in the PCR image. However, it is
observed that PCR amplification occurs with DNAs that
remain intact or completely intact when there is partial
damage or quantitative damage. In light of these results, it
was observed that the amount of amplifiable bacterial
DNA in marjoram extract was higher than the control
group. According to the results of Real-Time PCR
analysis performed with post-UV DNAs, it is seen that the
group with the highest concentration amount is the 1-hour
treatment group of the marjoram group.

5. CONCLUSION

The determined plants in this study were tested again for
DNA concentration and Real-Time PCR analysis after
medium development, using a method that has not been
used on these plants before. The expected point of
difference here is the comparison of the amount of DNA
that can be used in PCR, even if the UV-C light used
causes damage. When all stages of this study are
considered together, it is an unrealized study, so the full
effect of the extracts used in this study will be seen when
a much more grouped and costly study in which all time
intervals of UV-C will be tested separately and the
damage-free period is determined and a more capable
result of the study is obtained. it is obvious.
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