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Abstract  
RNA quality is of utmost importance to perform gene expression quantification by 
qPCR. The classical methods used to determine RNA quality are based in 
electrophoresis and spectrophotometer assessment, namely A260/A280 and A260/A230 
ratios. It was previously shown that due to the complex nature of Staphylococcus 
epidermidis biofilms, RNA extraction procedures could impact mRNA quality and thus 
accurate quantification. Herein, we contaminated and degraded RNA extracted from 
S. epidermidis biofilms, and assessed the effect on gene expression by qPCR. As 
expected, thermal degradation of RNA had a significant impact on gene expression 
on two out of the three tested genes. On the other hand, the contamination of the 
extracted RNA yielded an interesting result: while most contaminants did not 
changed the purity indicators or the integrity of RNA, significant changes on gene 
expression levels were found. This work confirms that poor RNA extraction have an 
important impact in qPCR quantification, emphasizing the consequences of 
contaminants carry over on gene expression studies. Additionally, our results show 
that the parameters commonly used to assess the quality of extracted RNA from 
bacterial cultures seems to be insufficient to ensure reliable gene expression 
determination. 
 
 
 

1. Introduction  
Staphylococcus epidermidis is one of the most prevalent species among 

hospitalized patients due to its ability to form strongly adherent biofilms in indwelling 
medical devices (Otto, 2012; Vuong and Otto, 2002; Ziebuhr et al., 2006). 
Transcriptional measurements are being extensively used to study S. epidermidis 
virulence, including biofilm formation, antibiotic resistance and also intrinsic variability 
between isolates (Batzilla et al., 2006; Dai et al., 2012; Fluckiger et al., 2005; Handke 
et al., 2004). It is well known that RNA must have high quality for downstream 
applications like reverse-transcriptase-quantitative PCR (qPCR), the most used 
technique to compare relative levels of messenger RNA (mRNA) between biological 
samples (Nolan et al., 2006). After extraction from bacterial cells, RNA quality 
including purity, integrity, and yield must be assessed (Fleige and Pfaffl, 2006). 
According to MIQE guidelines, RNA template should be pure, show high integrity and 
have sufficient quantity (Bustin et al., 2009). Even concentration is important because 
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Sieber et al. (2010) demonstrated that when a low concentration of RNA is used, a 
high variability gene expression is obtained.  

In order to evaluate purity and concentration, ultraviolet spectroscopy data is 
frequently obtained. With this information, absorbance ratios 260/280 (A260/A280) and 
260/230 (A260/A230) can be calculated (Manchester, 1996). To evaluate RNA integrity, 
the ribosomal RNA (rRNA) pattern should be analyzed by electrophoresis. Intact 
RNA in prokaryotic cells should present sharp bands without smearing, and the 23S 
rRNA should present twice the intensity of the 16S rRNA band (Pinto et al., 2009; 
Sambrook and Russel, 2001). However, in the last few years, a methodology based 
on a microfluidic capillary electrophoresis system has been increasingly used to 
quantification and determination of RNA integrity, such as 2100 Bioanalyzer (Agilent 
Technologies) and Experion (Bio-Rad) (Riedmaier et al., 2010). Nevertheless, the 
combination of agarose gel electrophoresis and NanoDropTM spectrophotometer is 
still used most of the times due to simplicity and cost-effective balance (Jahn et al., 
2008). Furthermore, RNA Integrity Number (RIN) and RNA quality number (RQI) 
threshold for high quality prokaryotic total RNA weren’t defined yet, however, a RIN 
above 7 has been accepted as appropriate for qPCR (Jahn et al.,  2008). 

As demonstrated by some studies, different RNA extraction methods can yield 
RNA with distinct quality, and this has been associated with the complex nature of 
biological samples (Atshan et al., 2012; Franca et al., 2011, 2012a; Pinto et al.,  
2009). Moreover, different components from biological samples (Radstrom et al., 
2004; Tichopad et al., 2004) or from the RNA isolation procedure used, such as 
ethanol, isopropanol, phenol and many salts can inhibit the PCR process (Bar et al., 
2012; Radstrom et al.,  2004; Wilson, 1997). In addition, temperature is also a known 
factor which interfere with preservation of RNA integrity (Opitz et al., 2010; Sung et 
al., 2003).  

França et al. (2012a) have recently shown that mRNA quantification in bacterial 
biofilms was highly variable depending on the RNA extraction kit used, and RNA 
quality indicators did not always correlate with a reliable gene expression 
quantification. This is of significant importance since the most used quality indicators 
that should guarantee RNA quality seems not to be enough to determine the 
reliability of bacterial gene expression (Lloyd et al., 2010). In this study, we aimed to 
assess how induced RNA degradation, by temperature and controlled contamination 
of RNA, affected quality parameters and their consequences in gene expression of S. 
epidermidis biofilms.  

 
2. Material and methods 
 
2.1. Biofilm growth conditions 
Biofilm forming S. epidermidis 9142 was used as a model strain. One colony was 

inoculated in Tryptic Soy Broth (TSB) (Oxoid) and incubated at 37 ºC in a shaker at 
120 rpm overnight. Then, a 1:100 dilution was performed in TSB enriched with 0.4% 
(w/v) glucose (Fisher Scientific) in a 24-well plate and was incubated in the same 
conditions. After 24 hours, biofilms were washed with phosphate buffer solution 
(PBS) diluted 1:3 (180 mM NaCl, 3 mM KCl, 9 mM Na2HPO4.2H2O, 1.5 mM KH2PO4) 
and suspended in 1 mL of PBS, followed by centrifugation at 16000 x g for 10 min at 
4 ºC.  
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2.2. RNA extraction 
Total RNA from S. epidermidis biofilm was extracted as described before 

(Franca et al., 2012b). In brief, this protocol conjugates mechanical and chemical 
lysis (glass beads, phenol) with RNA isolation column systems (E.Z.N.A.® Total RNA 
Kit I). RNA was diluted in DNase/RNAse-free water and digested with DNAse I (1U) 
(Fermentas) following the manufacturer’s instructions. RNA extraction was performed 
several times, and samples were pooled and stored at -80 ºC.  

 
2.3. Controlled RNA degradation and contamination 
RNA aliquots of 30 µL (100 ng) were used for temperature degradation and 

controlled contamination tests. Clean RNA aliquots were submitted to different 
temperature treatments for different incubation times: 95 ºC, 65 ºC or room 
temperature (RT) for 10 and 60 minutes. This incubation was performed in a 
thermocycler to avoid evaporation. Impurities were added to each RNA aliquot. The 
impurities selected for this study were either involved in the RNA extraction process 
or from the biological samples itself. To each independent RNA aliquot, 1 or 6 µl of 
Wash buffer II (WBII) (E.Z.N.A.® Total RNA Kit I), 1 or 6 µl of S. epidermidis biofilm 
matrix (rich in polysaccharides, proteins, extracellular DNA and teichoic acids 
(Flemming and Wingender, 2010)), or 1 µl of 90% phenol solution (AppliChem) (used 
in organic extraction) were added. S. epidermidis biofilm matrix protein and 
polysaccharide content were determined as described previously (Franca et al.,  
2011). Protein and polysaccharide content were 0.31 mg/mL and 0.11 mg/mL, 
respectively.   

 
2.4. RNA quality and quantity assessment 
The concentration and purity of the RNA aliquots was spectrometrically 

assessed using a NanoDrop 1000™ (Thermo Scientific), following manufacturer’s 
instructions. The A260/A280 ratio was used as indicators of protein contamination and 
A260/A230 ratio as indicator of polysaccharide, phenol, and/or chaotropic salts 
contamination (Tavares et al., 2011). The integrity of the total RNA was assessed by 
visualization of the 23S/16S rRNA band pattern in a 1% agarose gel. Non-denaturing 
electrophoresis was carried-out at 80 V for 60 min. The gel was stained with Midori 
Green DNA staining (GRiSP) in TAE buffer (Tris-acetate-EDTA) and visualized using 
ChemiDocTM XRS+ (Bio-Rad). 

 
2.5. cDNA synthesis and qPCR 
To determine if the RNA aliquots were functional, 600 ng of total RNA was 

reverse transcribed using RevertAid First strand cDNA synthesis (Fermentas) using 
the specific priming strategy and following the manufacturer’s instructions 
(Invitrogen). Primers for icaA, psmβ, pgi and 16S rRNA genes were designed with 
Primer3 software (Rozen and Skaletsky, 2000) (table 1). The selected genes are 
transcribed from different regions of the bacterial chromosome. PCR amplification 
efficiency was tested and relative quantification normalized to control was determined 
by a variation of Livak method, E(C

T
 reference gene- C

T
 target gene) (Livak and Schmittgen, 

2001). qPCR was performed to quantify the mRNA transcripts. The experiment was 
performed using iQ SYBR 2x green supermix (Bio-Rad) and CFX96™ thermocycler 
(Bio-Rad) with the following cycling parameters: 30 s at 94 °C followed by 40 repeats 
of 5 s at 94 °C, 10 s at 60 °C, and finally 15 s at 72 °C. To ensure the absence of 
genomic DNA contamination, a negative control was included in the reverse 
transcriptase reaction. Genomic DNA contamination was not considered significant 
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when the cycle threshold difference between the no-reverse transcriptase and the 
respective sample was above 15 cycles. The cycle threshold detection of each gene 
was determined using the standards parameters of the software. The melting curves 
were evaluated to ensure the absence of unspecific products and primer dimer 
formation. For each condition, at least three aliquots were used. 

 
2.6. Statistical analysis 
Statistical analysis was performed with GraphPad Prism® Software version 5 

(GraphPad, CA, US) using unpaired t-test to compare control with treated RNA 
aliquots. A p value less than 0.05 was considered statistically significant. 

 
3. Results and Discussion  

 

3.1. RNA degradation 
It is widely accepted that RNA with high purity and integrity is of extreme 

importance to guarantee a reliable analysis of gene expression (Vermeulen et al., 
2011). However, it has also been shown that bacterial gene expression variability 
does not always correlate with high quality RNA, as determined by the standard 
parameters of RNA quality (Franca et al.,  2012a). Based on the analysis of agarose 
gel electrophoresis and NanoDrop measurement, we assessed the impact of RNA 
quality on qPCR gene expression using S. epidermidis biofilms. For that, we 
performed two independent experiments, namely, degrading RNA by thermal 
treatment or contaminating RNA with impurities from the extraction process or from 
the biological sample.  

 

 
Fig. 1. Visualization of 16S/23S rRNA bands in 1% agarose gel electrophoresis 
containing RNA aliquots submitted to different temperatures and incubation, and 
RNA aliquots with impurities. 1-FastRuler Middle Range DNA Ladder (Fermentas); 2- Control; 3- 
95 ºC, 60 min; 4- 65 ºC, 60 min; 5- room temperature, 60 min; 6- 95 ºC, 10 min; 7- 65 ºC, 10 min; 8- RT, 
10 min; 9- 1 µl of S. epidermidis biofilm matrix; 10- 6 µl of S. epidermidis biofilm matrix; 11- 1 µl of WBII; 
12- 6 µl of WBII; 13- 1 µl of 90% phenol 

 
 

From one pool of intact RNA extracted from independent biofilms, we used 
different aliquots that were subjected to distinct treatments. To assess degradation 
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by temperature, different RNA aliquots were treated for 10 or 60 minutes at room 
temperature, 65 or 95 ºC. Based on the established criteria for RNA integrity, as can 
be seen in figure 1, RNA submitted to 95 ºC showed significant degradation at 60 
min and less degradation at 10 min of incubation. At lower temperatures, no RNA 
degradation was detected by agarose gel electrophoresis. As expected, thermal 
degradation did not decrease, per se, the purity of RNA samples (figure 2A). 
However, it is important to stress that agarose gel electrophoresis lacks sensitivity 
(Bustin and Nolan, 2004; Denisov et al., 2008) and therefore we cannot exclude that 
RNA was somewhat damaged in the 65 ºC treatment.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. RNA purity parameters A260/A230 and A260/A280 ratio for (Top-Left) RNA 
aliquots submitted to different temperatures for 60 and 10 minutes. (A,B,C) RNA 
aliquots with impurities.  Vertical bars denote standard error of the mean, while * indicate 
differences statistically significant with unpaired t-test for a p<0,05.  

 
 
3.2. RNA contamination 
Established criteria for the RNA quality, specify that RNA stability can be 

affected by internal (enzymes, toxins) and exogenous factors (heat, chemical buffers, 
radiation), and consequently interfere with gene expression studies (Fleige and Pfaffl, 
2006). Having this into consideration, intentional RNA contamination was performed 
using WBII, S. epidermidis biofilm matrix or phenol. As can be seen in the agarose 
gel from RNA aliquots contaminated with specific impurities (figure 1), RNA didn’t 
show any visible degradation. On the other hand, phenol significantly decreased both 
A260/A280 and A260/A230 absorbance ratios (figure 2C). These should be greater than 
1.8 revealing a low level of protein contamination and, low level of polysaccharides, 
phenol, alcohol and other contaminants, respectively. Interestingly, RNA 
contaminated with 6 µL of S. epidermidis biofilm matrix decreased A260/A230 ratio but 
not A260/A280 ratio, indicating that the protein content of the matrix was not sufficient to 
interfere in the UV spectrophotometric measurements.  
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There are some sources of known contaminants which produce peaks in the 
220-230 nm region such as chaotropic salts, like guanidinium isothiocyanate, and 
phenol (Chomczynski and Sacchi, 1987). Other reagents used in RNA isolation can 
absorb near 270 nm wavelength, resulting in an over estimation of nucleic acid 
concentration. Phenol is an example of organic substance with acidic properties 
which can absorb near 260 nm (Hazardous Substances Data Bank). This can explain 
why RNA contaminated with 1µl of phenol lead to significant differences in quality 
ratios, although it wasn’t observed loss of RNA integrity (figure 1). The A260/A230 ratio 
under 1.8 was also found in RNA with phenol, an indication of phenolic 
contamination.  

 
3.3. Gene expression 
After determining the effect of degradation by temperature and controlled RNA 

contamination using common RNA quality indicators, we performed qPCR of each 
sample in order to determine the real effect of the RNA treatments on specific S. 
epidermidis gene transcripts, as well as to confirm if the RNA quality indicators were 
predictive of gene expression stability and reproducibility. qPCR was done to 
measure gene expression of three S. epidermidis genes, namely icaA (involved in 
biofilm formation (Rohde et al., 2007)), psmβ (implicated in biofilm modulation (Yao 
et al., 2005)) and pgi gene (involved in glycolysis (Gill et al., 2005)). Efficiency of 
primers in aliquots was analyzed to confirm that efficiency was not altered by 
temperature neither by addition of impurities.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Gene expression fold increase of RNA aliquots submitted to different 
temperatures. Vertical bars denote standard error of the mean, while * indicate differences 
statistically significant with unpaired t-test for a p<0,05  

 
When RNA was submitted to different temperatures, only incubation at 95 ºC (in 

both time points), showed statistically significant differences in the expression of icaA 
and pgi genes (figure 3). Interestingly, psmβ expression wasn’t significantly affected 
by temperature treatment. This can be explained by Opitz et al. study which address 
that not all eukaryotic gene expression were affected by temperature degradation 
(Opitz et al.,  2010). It is important to remember that RNA aliquots which were 
subjected to 95 ºC for 60 min, showed loss of integrity but less visible degradation 
was seen for RNA aliquot incubated at 95 ºC for 10 min (figure 1). Schoor et al. 
(2003) support that partially degraded RNA samples with visible ribosomal bands can 
have gene expression profiles similar to intact RNA and lead to meaningful results if 
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used carefully, although it is widely known that RNA integrity affect performance of 
qPCR and consequently the gene expression profile (Becker et al., 2010). Despite 
the effect of thermal degradation on RNA integrity, NanoDrop quality ratios didn’t 
changed, indicating that gene expression differences could have been anticipated by 
agarose gel electrophoresis but not by spectrophotometric measurement.  

Contrary to thermal degradation, some of the added impurities reduced the RNA 
purity indicators, but not RNA integrity. Interestingly, we detected significant 
differences in the expression of the three tested genes (figure 4), supporting that 
RNA integrity is not sufficient to determine a reliable gene expression. This shows 
that even intact RNA assessed with traditional methods, doesn’t guarantee that gene 
expression results won’t be affected since RNA samples might contain inhibitors 
which can interfere with PCR efficiency (Bustin and Nolan, 2004; Wong and 
Medrano, 2005). It is assumed that the effect of inhibitors over qPCR can vary 
between assays and can be minimize using a reference gene amplified at the same 
time as the target gene (Nolan and Bustin, 2008). One of the methods to assess 
PCR efficiency is to do a serial dilution of the sample in which absence of inhibitors 
doesn’t affect relative fold increase in diluted cDNA (Stahlberg et al., 2003). 

 

 
Fig. 4. Gene expression differences of RNA aliquots with impurities. Vertical bars denote 
standard error of the mean, while * differences statistically significant with unpaired t-test for a p<0,05. 

 
In the biofilm matrix, the only contaminant originated from the biological sample, 

influenced gene expression in lower extent (up to 3.5 fold) compared to contaminants 
originated from the RNA extraction process. Phenol was the contaminant with the 
most pronounced effect, resulting in gene expression differences as great as 230-
fold. 

 
4. Conclusions  
 
As expected, RNA that showed loss of integrity had different genetic expression 

in some genes. However, despite no visible loss of rRNA integrity and no statistically 
significant alterations in NanoDrop parameters, contamination with WBII also strongly 
influenced gene expression.  

This work suggests that while the electrophoresis band pattern analysis and 
Nanodrop quality parameters can reveal physical characteristics of RNA, they are not 
enough to determine the reliability and stability of gene expression determinations.  
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While it’s common practice the employment of the same RNA extraction process 
and/or kit, in order to reduce variability of gene expression, such approach will 
potentially mask possible structural contaminants carry-over that are not detected by 
common quality indicators, but, nevertheless, influence gene expression. The 
development of more robust PCR kits, more tolerant to inhibitors, could possible 
prevent the reported significant changes in gene expression. Contrary to common 
practice, this work suggests that the usage of two independent and distinct RNA 
extraction methods in each experiment will allow a more robust gene expression 
determination, considering that if both methods yield the same final result, the 
chances of structural contaminants carry-over interfering with gene expression 
studies will be reduced. 
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