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Abstract

Extraction and purification of ribonucleic acid (RNA) from Gram-positive methicillin resistant
Staphylococcus aureus (MRSA) is problematic, because the MRSA has a rigid cell wall that contains lipoteichoic
acid and peptidoglycan, thus causing difficulty when utilizing the standard methods. For this reason, the aim of
the current study was to improve and modify the method of extraction of RNA from MRSA, with good integrity,
purity, low cost, and with saved time of extraction. A fast and an inexpensive method involving the use of acid
phenol: chloroform (5: 1 [v/v]) at low pH (4.5), with lysostaphin and Triton X-100 for effective isolation of RNA
from the MRSA is developed. As a result of this study, yields of this method presented high concentration of
RNA (1175.26 ng/ pl/ 3 ml) of bacterial culture broth, with high RNA integration number (RIN). In similar assays
such as using; the RNeasy Mini kit, GeneJET RNA purification kit, TRIzol kit and hot phenol: chloroform (1: 1
[v/v]) extraction method, they yielded low concentrations of RNA (92-700 ng/ ul); with lower purity, quantity,
and also little integrity, compared to using the current acid phenol chloroform (5: 1 [v/v]) extraction method. In
conclusion, this new method for extraction of RNA from MRSA can be used to save time, cost, and provide high
guality of RNA.
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1. Introduction

Staphylococcus aureus (S. aureus) is an important highlighted that S. aureus is a pathogenic bacterium
human pathogen in the hospitals and in the that can cause a wide range of diseases, ranging from
community. Recent study of Olaniyi et al., (2016) the superficial skin and soft tissue infections (SSTIs),
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to the more life threatening diseases such as;
necrotizing pneumonia, urinary tract infection,
osteomyelitis, endocarditis and septicemia. Methicillin
was introduced in 1959 to treat infections caused by
penicillin-resistant S. aureus. In 1961, several studies
from the UK reported that S. aureus isolates had
acquired resistance to methicillin (Lakshminarayanan
et al., 2018), and this resistance spread to other
European countries, as well as to Japan, Australia, and
the United States (Enright et al., 2002).

A recent study carried out by Kitagawa et al.,
(2019) reported that methicillin resistant S. aureus
(MRSA) are a group of S. aureus strains that have
acquired resistance to a class of p-lactam antibiotics.
In addition, these strains are the major cause of many
hospital associated infections (HA-MRSA); however
in 1990, other strains of MRSA started to emerge as
community-associated MRSA (CA-MRSA). A
previous study of Brennan and Nikaido, (1995)
documented that bacterial RNA isolation has many
challenges due to several reasons including; its
susceptibility to degradation in the presence of
endogenous and exogenous RNase activity, the
presence of the bacterial complex cell wall matrix
containing complex polysaccharides, covalently bond
peptidoglycan, arabino-galactans, mycolic acids, and
long-chain  multi-methyl-branched fatty acids, as
present in Mycobacterium tuberculosis (Kassab et al.,
2019). This cell wall cannot be easily disrupted or
lysed, and thus hampers the yield and quality of the
RNA. Therefore, analysis of the bacterial transcripts
requires novel and very fast techniques for isolation of
the RNA, due to its short half-life. According to
Dietrich et al., (2000); Wang et al., (2012), the most
important step during the extraction of RNA is the
rapid disruption of the bacterial cells, leading to direct
release of the RNA into the buffers containing RNase
inhibitors such as guanidinium isothiocyanate, to
protect the RNA from degradation by the RNase. The
objective of this study was to determine the best
method for isolating the RNA from MRSA (ATCC
43300); with good integrity, quality, quantity, purity,
in addition to being time and cost savings.
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2. Material and methods
2.1. Materials and chemicals

In this study, a modified method of RNA
extraction from methicillin-resistant S. aureus
obtained from the American Type Culture Collection
(MRSA, ATCC 43300), was described as an example
of Gram-positive bacteria. Five protocols were tested
for isolation of RNA from this bacterium including
three commercials kits such as, RNeasy Mini kit from
Qiagen, Germany; GeneJET RNA Purification kit
from Thermo Scientific, and USA and TRIzol kit from
Ambion®, USA. In addition, two published methods
reported by Cox and Arnstein, (1963); Atshan et al.,
(2012) know as hot phenol chloroform (1: 1 [v/v]), and
acid phenol chloroform (5: 1 [v/v]) with pH (4.5) were
used. Triton X-100, lysozyme, [B-mercaptoethanol,
proteinase K, acid phenol chloroform, TBE buffer, 1.5
ml Eppendorf tubes and lysostaphin, were purchased
from Sigma-Aldrich, Germany. The Trypticase Soy
Broth (TSB) was purchased from Difco, USA. The
MinElute PCR Purification Column Kit and the
bacterial RNA protectant were purchased from Qiagen
Germany. Tris-EDTA buffer and TE 10x was
purchased from Calbiochem, USA. Guanidinium
thiocyanate, NanoDrop 2000 spectrophotometer, 2x
RNA loading dye, power generators EC105, DNase I,
Nano pure water, 25 mM EDTA, DNase | (1000 U)
and distilled water were purchased from Thermo
Scientific, USA.

A micro-centrifuge (micro 22R) was purchased
from Nettich, Germany, the gel documentation gel unit
from Vilber Lourmat, France. An Agilent 2100 Bio-
analyzer with RNA 6000 Nano lab chip from Agilent
Technologies, Germany, and an UV trans-illuminator
was purchased from Vilber Lourmat, France. The
heater from Labtech, Malaysia, a microwave oven was
purchased from New Sonic, Malaysia. An
electrophoresis tank Mini-Sub Cell GT from Bio-Rad,
USA, agarose gel from Vivantis, USA, DNase running
buffer from Promega, USA, and Gradient thermal
cycler from Eppendorf, Germany.
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2.2. Bacterial strain and growth condition

A MRSA (ATCC 43300) strain was grown
overnight in 5 ml of TSB medium on an orbital shaker
at speed of 200 rpm, at 37°C. These overnight cultures
(1: 100 dilution) were used to inoculate about 100 ml
of fresh TSB medium in a 250 ml flask. The broth
culture flasks was incubated on an orbital shaker at
speed of 200 rpm at 37°C, to an early exponential
phase (ODgpo= 0.7). The bacterial cells were pelleted
by centrifugation at 10,000xg for 20 min. at 4°C,
washed with fresh TSB, and used for isolation of the
RNA.

2.3. Isolation and purification of the RNA by the
acid phenol: chloroform method

Briefly, 3 ml of MRSA (ATCC 43300) suspension
at 2x10°® cells/ ml; were used to inoculate TSB broth,
followed by incubation at 37°C for 24 h. The bacterial
broth culture was then centrifuged twice at 5.000xg for
5 min. at 4°C, in 2 ml RNase-free micro-centrifuge
Eppendorf tubes. The supernatant was discarded, and
then the cells were re-suspended in 100 pl of RNase-
free water. Immediately, 2 volumes (200 ul each) of
RNA bacterial protectant solution were added to the
bacterial pellets, homogenized by overtaxing for 30
sec, and then incubated at room temperature for 5 min.
Cells were then collected by centrifugation at
10.000xg for 10 min. at 4°C. After that, the pellets
were re-suspended in 200 ul of TE buffer (pH 8)
containing; 50 mg/ ml lysozyme or 200 U of
lysostaphin (Img/ ml), and 1.2 % of Triton X-100,
then incubated at 37°C for 15 min. After incubation,
about 200 pl of lysis buffer guanidinium thiocyanate
containing; 2 % (v/v) B-mercaptoethanol and 20 ul
(200 pg/ ml) of proteinase K were added and then
mixed. This solution was re-incubated for 15 min. at
56°C in a shaking incubator at speed of 200 rpm. The
mixture was extracted with an equal volume of 200 pl
of acid phenol: chloroform (5: 1 [v/v]) with pH (4.5),
vortexed immediately for 30 sec, and then incubated
for 5 min. at room temperature (RT), with vortexing
each 2 min. After that, the cell pellets were collected
by centrifugation at 10.000xg for 10 min. at 4°C.
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Approximately, 200 ul of the supernatant were
transferred to new micro-centrifuge tube, 400 pl of
isopropanol was added and gently checked for 10 min.
Later, cell pellets were collected by centrifugation at
10.000xg for 10 min. at 4°C. The aqueous phase was
discarded, whereas the RNA pellets were dried in a
clean tissue. About 500 pl of 70 % ethanol was added
to wash the RNA pellets, and then immediately
centrifuged at 10.000xg for 5 min. at 4°C. The tubes
were allowed to dry from ethanol under sterile
conditions for 5 min. Finally, the RNA pellet was
eluted in 30 pl of RNA free H,0O, and then kept at -
80°C for long long-term storage. The total RNA was
quantified using NanoDrop 2000 spectrophotometer at
the wavelength of (Aje: Azg). The integrity of RNA
was checked by mixing 3 pl of RNA with 3 pl of 2x
RNA loading dye, mixed well, and then loaded into
1.4% agarose gel in 0.5x TBE buffer, obtained from
10x TBE stock solution.

2.4. The commercials kits for RNA extraction

Three commercials kits were used for RNA
extraction from the MRSA (ATCC 43300) including;
RNeasy Mini kit from Qiagen, Germany, GenelJET
RNA Purification kit from Thermo Scientific, USA,
and TRIzol kit from Ambion®, USA. These
commercials methods were carried out as indicated in
the manufacturer’s instructions handbooks.

2.5. The simple hot phenol chloroform extraction
method

This method was described by Cox and Arnstein
(1963); Atshan et al., (2012).

2.6. Determination of the concentration, purity of
the RNA, and the RIN

The concentration and purity of all the RNA
samples were measured spectrophotometrically by
using NanoDrop 2000, to determine the absorbance of
the samples at Ajzo, Az and Azgo NM, bY (Azgo: Asgo),
and (Aaso: Azgp) ratios. On the other hand, the integrity
of the RNA was evaluated by gel electrophoresis on
1.2 % (w/v) agarose gel containing 6% formaldehyde,
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stained with ethidium bromide, and visualized under
UV light. Moreover, the integrity of the RNA samples
was also analyzed on the bio-analyzer, according to
the manufacturer’s instructions. This bio-analyzer
provided a structure for standardization of the RNA
quality control. Thus, the RNA samples were
electrophoretically separated on a micro-fabricated
chip, and then detected via laser made fluorescence
detector.

2.7. RNA used for Real-time PCR (RT-PCR) and
DNA microarray

To determine if the extracted RNA from this
method is functional, cDNA was synthesized with a
starting material of 10 pg of the total RNA isolated by
the acid-phenol: chloroform (5:1 [v/v]) method. This
cDNA was purified using a MinElute PCR Purification
Column Kit, and then quantified by measuring the
absorbance at Ay nm, using a NanoDrop
spectrophotometer.

2.8. Statistical analysis

The data were analyzed using statistical software
SPSS by one-way analysis of variance (ANOVA) test.
The differences were compared with Post Hoc Test
and unpaired t-test, p < 0.05 was considered
significant. The results were represented as means +
SD (standard deviation).

3. Results
3.1. Concentration and purity of the total RNA

This study was performed to evaluate five
protocols for the isolation RNA from MRSA (ATCC
43300). The concentration and purity of the total RNA
was spectrophotometrically determined using a
NanoDrop spectrophotometer 2000. Three absorbance
values were taken into consideration (Azz, Az and
Aygo NM). The ratio between the absorbance at Ao/
Augo NM was used to evaluate the concentration, purity
and contamination of the ribonucleic acid. For pure
RNA, the ratio around (1.8 - 2.0) is expected for good
quality RNA.
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According to the quantity of RNA, the highest
concentration is recorded from the samples which
were extracted using acid phenol: chloroform (5: 1
[v/v]) with a mean value of 1175.26 ng/ ul, then hot
phenol chloroform (1: 1 [v/v]) of 699.93 ng/ pl.
However, the lowest RNA concentration is from
samples extracted using GeneJET kit, RNeasy Mini kit
and TRIzol kit, recording mean values of; 92.30,
137.67, and 671.75 ng/ ul, respectively. Significant
differences are recorded in RNA concentrations
between these methods (p< 0.01 unpaired t — test), as
shown in Table (1). The method with the highest
purity at Azeo/ Asgo is form RNeasy Mini kit at a value
of 1.98, followed by acid phenol chloroform (5: 1
[v/v]) and hot phenol: chloroform (1: 1 [v/v]) at a
value of 1.94 for each. On the other hand, the lowest
purity is obtained from TRIzol and GenelET Kits
recording; 1.93 and 1.75, respectively. No significant
differences are found in purity of the RNA between
these five methods (p > 0.05 unpaired t — test), as clear
in Table (1). In addition, the greatest ratio between the
level of purity and contamination demonstrated at
Aosol Angg is from RNeasy Mini kit at value of 2.4, then
acid phenol: chloroform (5: 1 [v/v]) 2.21, followed by
hot phenol: chloroform (1: 1 [v/v]) recording a value
of 1.76. Conversely, the lowest ratio is obtained on
using GeneJET followed by TRIzol kits, recording
0.68, 1.02, respectively. Significant statistical
differences are observed with regard to the RNA
purity and contamination at the ratio of Ags/ Asso
between the used methods (p< 0.01 One-way
ANOVA, Post Hoc Test and unpaired t — test).

3.2. Agarose gel electrophoresis

The RNA integrity was assessed using the agarose
gel electrophoresis. The expected double banding
pattern of 16S/ 23S, and the absence of smear
indicated the good integrity of RNA. The best and
sharp intact 16S/ 23S RNA bands are arranged
respectively from acid phenol: chloroform (5: 1 [v/v]),
hot phenol chloroform (1: 1 [v/v]), TRIzol, RNeasy
Mini kit, and GeneJET Kkit, as demonstrated in Fig. (1,
2).
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Table 1: Mean of RNA concentration, purity and RIN obtained by the five RNA extraction methods

RNA Aoeol A

Extraction Protocol concentration 2F6{(1':1ti 0280 Aol Arzo Ratio RINt SD
(ng/ul)

Hot phenol chloroform 1: 1 699.93 1.94 1.76 6.4+0.2
Acid phenol chloroform 5: 1 1175.26 1.94 2.21 7.2+0.05"
RNeasy Mini kit (Qiagen) 137.67 1.98 2.4 5.8+0.05"
GeneJET 92.30 1.75 0.68 5.5+0.05
TRIzol 671.75 1.93 1.02 48 +0.5

*Values represent the mean + (SD) of 35 independent experiments of RNA isolation by each method

Fig. 1: Agarose gel electrophoresis of the RNA samples using different extraction methods. The amount of RNA loaded in each
well was 3 pl. Lane 1: RNA ladder marker; Lane 2: GeneJET Kkit; Lanes 3 and 4: RNeasy Mini kit; Lanes 5 and 6: Acid
phenol: chloroform (5: 1 [v/v]); Lane 7: Hot phenol: chloroform (1: 1 [v/v]); Lane 8: TRIzol kit. The best and sharp intact
16S/23S RNA bands are arranged respectively from acid-phenol: chloroform (5:1 [v/v]), hot-phenol: chloroform (1:1 [v/v]),
TRIzol, RNeasy Mini kit, and GeneJET kit
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Fig. 2: The RNA Integrity checking: Gel image by the automated electrophoresis system Bio-analyzer 2100. Lane 1: RNA
ladder marker (Thermo scientific); Lanes 2 and 3: RNeasy Mini Kit; Lanes 4 and 5: Hot phenol chloroform (1: 1 [v/v]); Lanes 6
and 7: Gene JET; Lanes 8 and 9: TRIzol; and Lanes 10-13: Acid phenol: chloroform (5: 1 [v/v]). The average RIN scores were
6.4 +£0.2,5.8+0.05, 7.2+ 0.05, 5.5 £ 0.05, and 4.8 = 0.5, respectively, for each used method. The highest quality of RNA was
extracted using the acid-phenol: chloroform (5:1 [v/v]) method, recording the mean values of RIN about 7.2+ 0.05

The presence of DNA in some samples extracted by
manual methods is attributed to the absence of DNase
treatments between the steps.

3.3. RNA integration number (RIN)

The integrity of the RNA was assessed by using
an Agilent 2100 bio-analyzer to calculate the RIN. It
required only a very small amount of RNA sample; up
to 2 pl of the total RNA, with a concentration up to
500 ng/ ul. The use of RNA ladder as a mass and size
standard during electrophoresis allowed the estimation
of the RNA band sizes. Integrity of the RNA may be
assessed by visualization of the 16S and 23S ribosomal
RNA bands, as demonstrated in the
electropherogramas (Fig. 2).

From Table (1), the average RIN scores (RIN *
SD) are 6.4 + 0.2, 5.8 + 0.05, 7.2+ 0.05, 5.5 £ 0.05,
and 4.8 £ 0.5, respectively for each used method. The
highest quality of RNA was extracted using the acid
phenol: chloroform (5: 1 [v/v]) method recording the
mean values of RIN of 7.2+ 0.05, followed by hot
phenol: chloroform (1: 1 [v/v]) protocols recording
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RIN about 6.4 + 0.2. The lowest RIN value is obtained
from TRIzol kit recording 4.8 + 0.5.

3.4. RNA used for Real time PCR (RT-PCR) and
DNA microarray

The RNA obtained from the acid-phenol:
chloroform (5:1 [v/v]), worked effectively in both
cDNA synthesis and in downstream applications such
as RT-PCR, where the synthesized cDNA was used for
the DNA microarray technique. The mean
concentration and purity of the cDNA were recorded at
absorbance of (Axso/ Azgg) NM, were 1200 ng/ pl and
1.87 ng/ ul; respectively, as demonstrated in Fig. (3).
The assay was carried out in triplicates and repeated 3
times.

4. Discussion

Bacterial RNA isolation has many challenges due
its susceptibility to degradation in the presence of
endogenous and exogenous RNase activity, and
presence of complex cell wall matrix. In the present
study, the wuse of acid phenol: chloroform for
extraction of the RNA and undergoing enzymatic lysis
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Fig. 3: A quality check of the concentration and purity of cDNA recorded at absorbance of Ayg /As NM, with a starting
material of 10 pg/ul of the total RNA, extracted by the acid-phenol: chloroform (5:1 [v/v]). The mean recorded concentration
and purity values of the cDNA were; 1200 ng/ ul, 1.87 ng/ ul; respectively, for all samples

procedure at low pH, generated RNA from the
bacterial cell within 60 min.

Currently, the isolation of RNA from MRSA
(ATCC 43300) required a lysis step using TE buffer
with lysostaphin 200 U (1 mg/ ml) or lysozyme (50
mg/ ml), where the lysozyme binds on the bacterial
surface and attacks the peptidoglycans, as reported
during the early study of Holtje et al., (1975). Triton X
100 (1.2 %) was also used in several protocols at the
same concentration, to cause autolysis of the bacterial
cell wall (Kim et al., 2017). Moreover, a commercial
lysis buffer was used to protect the RNA from
degradation, and it contained guanidinium thiocyanate
(GITC), which is a chemical compound commonly
used in the extraction of DNA and RNA (Harada

2016).

According to Das, (2016), the GITC method for
isolation of RNA is used frequently when un-degraded
MRNA is desired, thus high quantity and quality RNA
can be obtained using an acid phenol: chloroform,
which is premixed and supplied at pH 4.5 + 0.2.

Novel Research in Microbiology Journal, 2020

710

Previous studies conducted by Asif et al., (2000);
Sambrook and Russell, (2006) highlighted that this
method is used for extraction of RNA from the plant,
animal cells, cancer cell lines, yeasts and bacteria.
During the RNA extraction processes, the acid phenol:
chloroform supports the removal of DNA; in addition,
its partitions into the organic phase, helps to stabilize
the interface and prevents foaming upon mixing
(Wasniewski, 2012). A recent study of Smith et al.
(2020) added that this method significantly reduces the
amount of DNA contamination, which results in fewer
DNase treatments and reduced RNA handling. On
using this method, the MRSA cell wall was disrupted
quickly, efficiently and safely at low temperature of
37°C, which did not affect the RNA integrity;
however, some other extraction methods lysis the cell
wall at high temperature of 70°C that affect the quality
of RNA (Atshan et al., 2012).

Wang et al., (2019) reported that the principle of
the phenol: chloroform method is to increases the
efficiency of extraction by causing denaturation of the
proteins. In addition, its high density makes separation
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of the two phases easier, and also removes any lipids
from the sample. The study of Chomczynski and
Sacchi, (2006) showed that the best results of
increasing the quantity of RNA were obtained on using
acid phenol: chloroform (5: 1 [v/v]), where the mean
concentrations recorded was 1175.26 ng/ ul, compared
to the other methods of hot phenol: chloroform (1: 1
[v/v]) and TRIzol kit, where the RNA concentration
was 699.93 and 671.75 ng/ pl, respectively. However,
the lower RNA concentrations recovered were from
samples extracted by the GeneJET and RNeasy Mini
kits, the mean values recorded were 137.67, 92.30 ng/
pl, respectively. This high concentration of RNA
obtained on using this method of extraction might be
probably attributed to good lysis of the bacterial cells,
whereas the other methods have poor cell lysis due to
its short time.

In the current study, the best results in purity of
RNA at ratio of Azeo/Azge Were from RNeasy Mini Kit,
followed by acid phenol: chloroform (5: 1 [v/v]) and
hot phenol: chloroform (1: 1 [v/v]). On the other hand,
the lower purity was from the TRIzol kit and GeneJET
kit. Tavares et al., (2011); Al Abdulsalam et al.,
(2018) explained that the ratio of absorbance at Agso/
Asgo NM and Azee/ Azzo M should be at values of (1.8-
2.0); however, any reading that is less than 1.7 suggest
that the RNA extraction was contaminated with
protein, phenol, or suggestive of contamination with
guanidinium thiocyanate. Therefore, all absorbance
results obtained at As/ Az NM during the tested
extraction method, indicated that there is no significant
statistical difference between the used methods of
RNA extraction, except on using the GeneJET kit
where the ratio is 1.7. However, results of absorbance
at Axsol Azzp M had statistically significant difference
between the methods used for RNA extraction (p <
0.01 using unpaired t — test). The agarose gel
electrophoresis was used to check the size, integrity of
the RNA preparations, and to detect the sharp and
intact RNA under UV light. The integrity of the
ribosomal RNA sub-units (23S, 16S and 5S for
prokaryotes), the presence or absence of low RNA
degradation products, and the presence or absence of
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genomic DNA contamination are commonly
visualized using agarose gel electrophoresis (Pinto et
al., 2009). The 23S rRNA band should have been
present at approximately twice the intensity of the 16S
rRNA band. However, since the 23S rRNA was more
labile than the 16S rRNA, equal intensities of the two
bands generally indicated that some degradation had
occurred, in reference to Fuchs et al., (2001). Current
results demonstrated the existence of two well-defined
bands in the agarose gel electrophoresis; the best sharp
and clear bands of 16S rRNA and 23S rRNA were
from acid phenol: chloroform (5: 1 [v/v]). This may be
attributed to the low pH and absence of contamination
with DNA after some steps of DNA removal.
Similar study of Chung et al., (2013) used the same
strain of MRSA (ATCC 43300) bacteria, have got
good RIN using the RNeasy Mini kit protocol, and
disrupted the cell wall of MRSA using the TE buffer
that contained 50 mg/ml lysozyme inclosing proteinase
K. Moreover, previous study of Jahn et al., (2008)
used similar standard laboratory kits and methods such
as; TRIzol kit, RNeasy Mini kit, and hot SDS/hot
phenol alone and in combination, for extraction of
RNA from the Gram-negative bacterium Dickeya
dadantii. They found that high quality RNA was
isolated using a hot SDS/hot phenol method, which
supports current results that some manual methods can
produce high quality and quantity of RNA. The cDNA
quality check of the concentration and purity of RNA
at Ags/ Asgy hm extracted by the acid-phenol:
chloroform (5:1 [v/v]) method, represents good
indication to use this method for gRT- PCR and
transcript profiling of the DNA microarray.

Conclusion

Results of this study indicated that using
lysostaphin, lysozyme and acid phenol: chloroform (5:
1 [viv]) represented a good method to produce high
concentration, purity, and good integrity of the RNA
from MRSA (ATCC 43300), to be used for gRT- PCR
and transcript profiling of the DNA microarray. This
may be attributed to the ability of this method to cause
complete lysis of the MRSA cell wall. From the
economical point of view, this method saves the cost
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and time of extraction, compared to the other common
methods.

Acknowledgement

The authors are grateful to the Ministry of Higher
Education, Malaysia, and to the UKM Medical
Molecular Biology Institute (UMBI), Kuala Lumpur,
Malaysia.

Conflict of interest
All the authors declare no conflicts of interest.
Funding

This work was supported by research grants from
the Ministry of Higher Education (MOHE), Malaysia,
under the research grant code of:
FRGS/1/2011/ST/UKM/02/1.

Ethical approval

This article does not contain any studies with
human participant's and\ or animals performed by the
authors.

5. References

Al Abdulsalam N.K.; Barnett, N.L.; Harkin, D.G.
and Walshe, J. (2018). Cultivation of corneal
endothelial cells from sheep. Experimental Eye
Research. 173: 24-3.
https://doi.org/10.1016/j.exer.2018.04.011

Asif, M.H.; Dhawan, P. and Nath, P. (2000). A
simple procedure for the isolation of high quality RNA
from ripening banana fruit. Plant Molecular Biology
Reporter. 18: 109-15.
https://doi.org/10.1007/BF02824018

Atshan, S.S.; Shamsudin, M.N.; Lung, L.T.T
Ling, K.H.; Sekawi, Z. et al. (2012). Improved
method for the isolation of RNA from bacteria
refractory to disruption, including S. aureus producing
biofilm. Gene. 494(2): 219-24.
https://doi.org/10.1016/j

Novel Research in Microbiology Journal, 2020

712

Brennan, P.J. and Nikaido, H. (1995). The envelope
of Mycobacteria. Annual Review of Biochemistry. 64:
29-63.
https://doi.org/10.1146/annurev.bi.64.070195.000333

Chomczynski, P. and Sacchi, N. (2006). The single-
step method of RNA isolation by acid guanidinium
thiocyanate- phenol: chloroform extraction: Twenty-
something years on. Nature Protocols. 1: 581-85.
https://doi.org/10.1038/nprot.2006.83

Chung, P.Y.; Chung, L.Y. and Navaratnam, P.
(2013). Transcriptional Profiles of the Response of
Methicillin Resistant Staphylococcus aureus to
Pentacyclic Tri-terpenoids. PloS one. 8(2): e56687.
https://doi.org/10.1371/journal.pone.0056687

Cox, R. and Arnstein, H. (1963). The isolation,
characterization and acid-base  properties  of
ribonucleic acid from rabbit-reticulocyte ribosomes.
Biochemical Journal. 89(3): 574-58.
https://doi.org/10.1042/bj0890574

Das, S. (2016). Evaluation of Spermatozoal RNA
Extraction Methods. Master thesis. Department of
Biotechnology and Medical Engineering. National

Institute of Technology, Rourkela.
https://core.ac.uk/download/pdf/80148914
Dietrich, G.; Schaible, U.E.; Diehl, K.D;

Mollenkopf, H.J.; Wiek, S. et al. (2000). Isolation of
RNA from mycobacteria grown under in vitro and in
vivo conditions. FEMS Microbiology Letters. 186(2):
177-80. https://doi.org/10.1111/j.1574-
6968.2000.th09100.x

Enright, M.C.; Robinson, D.A.; Randle, G.; Feil,
E.J.; Grundmann, H. and Spratt, B.G. (2002). The
evolutionary  history  of  methicillin-resistant
Staphylococcus aureus (MRSA). Proceedings of the
National Academy of Sciences. 99(11):7687-92.
https://doi.org/10.1073/pnas.122108599

Fuchs, B.M.; Syutsubo, K.; Ludwig, W. and
Amann, R. (2001). In situ accessibility of Escherichia
coli 23S rRNA to fluorescently labeled oligonucleotide


https://doi.org/10.1016/j.exer.2018.04.011
https://doi.org/10.1007/BF02824018
https://doi.org/10.1016/j
https://doi.org/10.1146/annurev.bi.64.070195.000333
https://doi.org/10.1038/nprot.2006.83
https://doi.org/10.1371/journal.pone.0056687
https://doi.org/10.1042/bj0890574
https://core.ac.uk/download/pdf/80148914
https://doi.org/10.1111/j.1574-6968.2000.tb09100.x
https://doi.org/10.1111/j.1574-6968.2000.tb09100.x
https://doi.org/10.1073/pnas.122108599

Alshaibani et al., 2020

probes. Applied and Environmental Microbiology. 67:
961-68. https://doi.org/10.1128/AEM.67.2.961-968

Harada, S. (2016). DNA and RNA Extractions from
Mammalian Samples. In Sample Preparation
Technigues for Soil, Plant, and Animal Samples. pp.
125-38: Springer Protocols Handbooks. Humana
Press, New York, NY.

Holtje, J.; Mirelman, D.; Sharon, N. and Schwarz,
U. (1975). Novel type of murein trans-glycosylase in
Escherichia coli. Journal of Bacteriology. 124(3):
1067-76.

Jahn, C.E.; Charkowski, A.O. and Willis, D.K.
(2008). Evaluation of isolation methods and RNA
integrity for bacterial RNA quantitation. Journal of
Microbiological Methods. 75(2): 318-24.
https://doi.org/10.1016/j.mimet.2008.07.004

Kassab, E.; Mehlmer, N. and Brueck, T. (2019).
GFP Scaffold-Based Engineering for the Production of
Unbranched Very Long Chain Fatty Acids in
Escherichia coli, With Oleic Acid and Cerulenin
Supplementation. Frontiers in Bioengineering and
Biotechnology. 7 408-419.
https://doi.org/10.3389/fbioe.2019.00408

Kim, G.L.; Luong, T.T.; Park, S.S.; Lee, S.; Ha,
J.A. et al. (2017). Inhibition of autolysis by lipase
LipA in Streptococcus pneumoniae sepsis. Molecules
and Cells. 40(12): 935-944.

Kitagawa, H.; Ohge, H.; Hisatsune, J.; Kajihara,
T.; Katayama, K. et al. (2019). Prosthetic valve
endocarditis caused by ST8 SCCmeclVI type
community-associated methicillin-resistant
Staphylococcus aureus: A case report. Internal
Medicine. 58(5): 743-747.

Lakshminarayanan, D.; George, J. and
Sarvajayakesavalu, S. (2018). Antibiotic Resistance
of Staphylococcus aureus: A Review. In: Sustainable
Biological Systems for Agriculture. pp. 231-44.

Olaniyi, R.; Pozzi, C.; Grimaldi, L. and Bagnoli, F.
(2016). Staphylococcus aureus-associated skin and

Novel Research in Microbiology Journal, 2020

713

soft tissue infections: anatomical localization,
epidemiology, therapy and potential prophylaxis. In
Staphylococcus aureus. pp. 199-227.

https://doi.org/10.1007/82 2016 32

Pinto, F.L.; Thapper, A.; Sontheim, W. and
Lindblad, P. (2009). Analysis of current and
alternative  phenol  based RNA  extraction
methodologies for Cyanobacteria. BMC Molecular
Biology. 7(10): 79. https://doi.org/10.1186/1471-2199-
10-79

Sambrook, J. and Russell, D.W. (2006). Purification
of nucleic acids by extraction with phenol: chloroform.
Cold Spring Harbor Protocols.
https://doi.org/10.1101/pdb.prot4455

Smith, T.; Villanueva, E.; Queiroz, R.M.; Dawson,
C.S.; Elzek, M. et al. (2020). Organic phase
separation opens up new opportunities to interrogate
the RNA-binding proteome. Current Opinion in
Chemical Biology. 54: 70-75.
https://doi.org/10.1016/j.cbpa.2020.01.009

Tavares, L.; Alves, P.M.; Ferreira, R.B. and Santos,
C.N. (2011). Comparison of different methods for
DNA-free RNA isolation from SK-N-MC
neuroblastoma. BMC Research Notes. 4. 3.
https://doi.org/10.1186/1756-0500-1-140

Wang, P.Y.; Sexton, A.N.; Culligan, W.J. and
Simon, M.D. (2019). Carbodiimide reagents for the
chemical probing of RNA structure in cells. RNA.
25(1): 135-146.
https://doi.org/10.1261/rna.067561.118

Wang, Y.; Hayatsu, M. and Fujii, T. (2012).
Extraction of bacterial RNA from soil: challenges and
solutions. Microbes and Environments. 27(2): 111-21.
https://doi.org/10.1264/jsme2.me11304

Wasniewski, J. (2012). RNA extraction protocol
development for the assay of temporal gene expression
in  batch-cultured  Escherichia  coli  K-12.
http://hdl.handle.net/11375/11781



https://doi.org/10.1128/AEM.67.2.961-968
https://doi.org/10.1016/j.mimet.2008.07.004
https://doi.org/10.3389/fbioe.2019.00408
https://doi.org/10.1007/82_2016_32
https://doi.org/10.1186/1471-2199-10-79
https://doi.org/10.1186/1471-2199-10-79
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1016/j.cbpa.2020.01.009
https://doi.org/10.1186/1756-0500-1-140
https://doi.org/10.1261/rna.067561.118
https://doi.org/10.1264/jsme2.me11304
http://hdl.handle.net/11375/11781

