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Abstract.
BACKGROUND: Enterococcus faecalis biofilm was frequently found on the failed treated root canal wall, which survived
by resisting disinfectant during endodontic treatment.Many researches have been conducted to explore the mechanisms of
persistence of this pathogen in unfavorable conditions. However, no comprehensive proteomics studies have been conducted to
investigate stress response in Enterococcus faecalis caused by alkali and NaOCl.
OBJECTIVE: Enterococcus faecalis (E.f) has been recognized as a main pathogen of refractory apical periodontitis, its ability
to withstand environmental pressure is the key to grow in the environment of high alkaline and anti-bacterial drug that causes
chronic infection in the root canal. This study aims to focus on the protein expression patterns of E.f biofilm under extreme
pressure environment”.
METHODS: Enterococcus faecalis biofilm model was established in vitro. Liquid Chromatograph-Mass Spectrometer (LC-
MS/MS)-based label free quantitative proteomics approach was applied to compare differential protein expression under different
environmental pressures (pH 10 and 5% sodium hypochlorite (NaOCl)). And then qPCR and Parallel Reaction Monitoring
Verification (PRM) were utilized to verify the consequence of proteomics.
RESULTS: The number of taxa in this study was higher than those in previous studies, demonstrating the presence of a
remarkable number of proteins in the groups of high alkaline and NaOCl. Proteins involved in ATP-binding cassette (ABC)
transporter were significantly enriched in experimental samples. We identified a total of 15 highly expressed ABC transporters in
the high alkaline environment pressure group, with 7 proteins greater than 1.5 times.
CONCLUSIONS: This study revealed considerable changes in expression of proteins in E.f biofilm during resistance to
environmental pressures. The findings enriched our understanding of association between the differential expression proteins and
environmental pressures.
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1. Introduction

Enterococcus are recognized common bacteria that causes infections in various body parts such as
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urinary tract, intra-abdomen and pelvic regions, surgical sites and oral cavity [1]. Enterococcus faecalis is
one of the most usual species that can be detected in the root canals of teeth where root canal treatment
failed [2]. It is an important microorganism for root canal persistent infection and reinfection. In previously
treated cases, the prevalence of Enterococcus faecalis ranged from 45.8% to 79.5% [3,4,5].

About 80% microbial infections were based on the format of biofilm. Biofilm was resistant to antibiotics
and disinfectant which may depend on its property of physical barrier [6]. Enterococcus faecalis biofilm
was frequently found on the failed treated root canal wall, which survived by resisting disinfectant
during endodontic treatment [7]. Calcium hydroxide (Ca (OH)2) and sodium hypochlorite (NaOCl)
are common disinfection medications during root canal treatment. Calcium hydroxide (Ca(OH)2) is
the most frequently used intracanal medication due to its strong alkaline property. The destruction of
phospholipids, structural components of the cellular membrane, can be caused by the induction of lipid
peroxidation by hydroxide ions. Genes are destroyed when hydroxide ions react with bacterial DNA and
cause the denaturation of the strands [8]. Sodium hypochlorite (NaOCl) is the most widely used irrigation
fluid, usually up to 5% concentration, during endodontic treatment because of its effective antimicrobial
and tissue-dissolving properties [9]. NaOCl of 5.25% could kill Enterococcus faecalis in planktonic state
effectively, but Enterococcus faecalis biofilm could still grow when concentration of NaOCl was low,
such as 1%, even during the alkaline dressing [10].

Many researches have been conducted to explore the mechanisms of persistence of this pathogen in
unfavorable conditions. Although some of the previous genetic screening studies have suggested the
gene regulation responsible for the adaption process of these bacteria to alkaline stress conditions [11,
12], the actual expression of functional proteins is unclear. Moreover, previous proteomics studies
on Enterococcus faecalis have been mainly focused on the differential protein expression patterns in
planktonic Enterococcus faecalis cells exposed to antibiotics or to some stressful conditions [13,14,15,
16,17].

However, no comprehensive proteomics studies have been conducted to investigate stress response in
Enterococcus faecalis caused by alkali and NaOCl. In the current study, we examine the protein expression
profiles of Enterococcus faecalis biofilms in these stresses by employing a tandem-mass-tag(TMT)-based
quantitative proteomics analysis, which may ultimately contribute to exploring the possible mechanisms
governing biofilm formation of Enterococcus faecalis under extreme pressure environment and obtaining
the evidence on development of strategies for the prevention of Enterococcus faecalis infections and
improve root canal treatment strategies.

2. Materials and method

2.1. Bacterial strains and growth conditions

Enterococcus faecalis standard strain ATCC33186 was inoculated into tryptic soy broth (TSB) contain-
ing 1.7% tryptone, 0.3% polypeptone, 0.1% yeast extract (Sangon, Shanghai, China), 0.5% NaCl, 0.25%
glucose, and 0.25% dipotassium phosphate at 37◦C overnight. We identified the biofilm after the bacterial
strain inoculated from standard bacterial and we are sure the bacterial colony was not contaminated by
other species of bacterial or microorganisms.

The bacterial biofilms were performed in three environments including 5% NaOCl, pH 10 and normal
condition and labeled as NaOCl group, ALK group and N group, with three samples in each group.
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2.2. Samples preparation and extraction

After the pellets of Enterococcus faecalis biofilm proteins were extracted, all protein samples were
taken about 20 µg and added 5 times buffer (250 mM Tris-HCl (pH6.8), 10% (W/V) SDS, 0.5% (W/V)
BPB, 50% (V/V) glycerol, 5% DTT). After mixing well, the mixture was boiled for 5 min, and centrifuged
to take the supernatant, and performed 12% SDS-PAGE electrophoresis (150 V, 45 min).

2.3. Protein digestion and TMT 10-plex labeling

Protein digestion was performed according to the FASP procedure, as previously [18]. After protein
digestion with Trypsin in FASP method, TMT labeling was performed according to the manufacturer’s
instructions (Thermo Scientific).

Peptide Fractionation with High-pH reversed-phase chromatography separation.
The TMT-labelled peptides were subjected to High-pH Reversed-Phase Fractionation in 1100 Series

HPLC Value System (Agilent) equipped with a Gemini-NX (Phenomenex, 00F-4453-E0) column (4.6 ×
150 mm, 3 µm, 110Å) [19]. All samples were stored at −80◦C until LC-MS/MS analysis.

2.4. LC-MS/MS analysis

The TMT-labeled samples were analyzed using Easy-nLC nanoflow HPLC system connected to
Orbitrap Fusion mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA), The sequential
separation of peptides on Thermo Scientific EASY trap column (100 µm × 2 cm, 5 µm, 100 Å, C18) and
analytical column (75 µm × 25 cm, 5 µm, 100 Å, C18) was achieved with a segmented 2 h gradient from
Solvent A (0.1% formic acid in water) to 35% Solvent B (0.1% formic acid in 100% ACN) for 100 min,
followed by 35–90% Solvent B for 12 min and then 90% Solvent B for 8 min. The mass spectrometer
was operated in positive ion mode, For the Orbitrap Fusion mass spectrometer, the automatic gain control
(AGC) targets were 4e5 for full scan and 1e5 for MS/MS scan, respectively. Full MS spectra with an m/z
range of 375–1800 were acquired with a resolution of 120,000 at m/z = 200 in profile mode. MS/MS
acquisition was performed in top speed mode with 3 s cycle time occurred at the high-energy collision
dissociation (HCD) collision cell with a normalized collision energy of 32%. The maximum ion injection
time was set at 50 ms for the full scan, and 105 ms for the MS/MS scans, The isolation window was 1
m/z.

2.5. Protein identification and quantitation

The raw files were analyzed using the Proteome Discoverer 2.4 software (Thermo Fisher Scientific).
Search for the fragmentation spectra was performed using the MASCOT search engine embedded in Pro-
teome Discoverer against Enterococcus faecalis protein sequence file (uniprot_E_Faecalis_166900_20200
814.fasta, downloaded at 2020/08/14, included 166,900 sequences).

2.6. Bioinformatics analysis

2.6.1. Selection of significantly differential expressed protein
Student t test was performed for ALK vs. N, NaOCl vs.N, and NaOCl vs ALK comparisons, respec-

tively. In addition, Fold change of each comparison was calculated in R (version: 3.6.3). Using p < 0.05
that calculated with Student t test and > 1.5-fold and < 0.67 (1/1.5)-fold as threshold values for screening
statistically significantly differential expressed proteins.
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Fig. 1. (a) Summary of mass information. (b) A heatmap of Pearson correlation coefficient. (c) A scatter graph of PC1 and PC2
through principal component analysis. (d) A violin plot of abundances with median normalization. This plot shows the kernel
density estimation for distribution of scale abundance of protein and can be superimposed on a box plot. Using the same filling
colors indicate technical replicated sample.

2.6.2. COG functional analysis
All identified protein sequences were searched against the database of Clusters of Orthologous Groups

of proteins (COGs) including 1,781,653 sequences via a standalone blast (version: 2.10.1+) with expect
value 1e-8.

2.6.3. InterPro annotation and gene ontology functional analysis
InterProscan software (version: 5.45-80.0, http://www.ebi.ac.uk/Tools/pfa/iprscan/) with default pa-

rameters was used to perform protein sequences searches against InterPro member database for signature
identification.

2.6.4. Pathway analysis
The protein sequences were submitted to KOBAS (version 3.0) with expect value:1e-8, database: efa

(Enterococcus faecalis V583), and method: hypergeometric test. The experimental workflow for TMT
labeling and analysis was illustrated in Fig. 1.

2.6.5. RNA Extraction and Real-time PCR
Total RNA was extracted from 48 h Enterococcus faecalis biofilms using Qiagen RNeasy Protect

Bacteria Mini Kit, (Magen, Guangzhou, China), according to the manufacturer’s instructions, and stored
at −80◦C until use. The first strand cDNA was synthesized from 1 µg total RNA per 20 µL reaction
volume using a First Strand cDNA Synthesis Kit (Toyobo, Kita-ku, Osaka, Japan), according to the
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manufacturer’s instructions, and as previously described [19]. The real-time quantitative PCR (RT-qPCR)
assay was conducted on an ABI7900HT Sequence Detection System (Applied Biosystems QuantStudio
5, Foster City, CA, USA) using the Hieff qPCR SYBR Green Master Mix (Yeasen, Shanghai, China). At
least 3 biological replicates, with 3 technical replicates, were used for each treatment. The relative gene
expression levels were calculated according to the 2-∆∆C(t) method [20]. In each reaction, the 23sRNA
gene was used as an internal control. All primers used in RT-qPCR are listed in Supplementary material
Table S1.

3. Result

3.1. TMT-based Quantitative Analysis of the Proteome of Enterococcus faecalis Biofilm

After LC-MS/MS and searching database with Mascot, we identified a total of 19,353 peptides (included
16,852 unique peptides), corresponding to 33,813 peptide-spectral matches in an assembly of 2,095
protein groups with a protein-level FDR (false discovery rate) < 0.01 (Fig. 1a).

We used original abundances of identified proteins to calculate the Pearson correlation coefficient
among samples and visualized by a heatmap (Fig. 1b). The results showed that there was a very high
correlation between the samples. Especially, the correlations between samples belonging to the same
technical repeat group were close to 1. In addition, the scatter graph of the first principal component and
second principal component through principal component analysis (PCA) also showed that repeatability
of the technical replicated group was satisfactory (Fig. 1c).

For the following differentially expressed protein screening, protein quantitative abundances were
normalized with median normalization, and visualized by a violin plot (Fig. 1d).

3.2. Identification of significantly differentially expressed proteins

Differential expressed analyses of the proteome were respectively performed by comparing ALK with
N, comparing NaOCl with ALK, and comparing NaOCl with N. Differentially Expressed Proteins (DEPs)
were determined by > 1.5-fold change and p < 0.05 using student t test in each comparison. The profile
of differentially expressed proteins in each comparison were represented using volcano plots by applying
the fold change and p-value cutoff values (Fig. 2a). The proteins with > 1.5-fold change and p-value <
0.05 were considered as the most significantly affected proteins in each comparison.

In total, 80, 71, and 122 up-regulated proteins were determined by thresholds cutoff > 1.5-fold change
and p-value < 0.05, while 116, 41, and 135 down-regulated proteins were determined by thresholds
cutoff > 0.67-fold change and p-value < 0.05 in the comparisons ALK versus N, NaOCl versus ALK,
NaOCl versus N, respectively (Fig. 2b). To load protein accessions to the ‘VennDiagram’ package, a
Venn diagram of DEPs acquired by the previous three comparisons was plotted (Fig. 2c). As Fig. 2c
showed 31 common proteins were obtained (Table 1). After removing the duplicated gene names, finally
29 common proteins were determined, and displayed with a heatmap (Fig. 2d).

3.3. COG functional analyzes

A total of 1,919 (91.6%) proteins were annotated to COG protein sequence databases via blastp with
expect value 1e-8. These proteins were assigned to at least one COG functional categories. Five top COG
categories that included 21 sub COG categories were mapped and counted (Fig. 3a). As Fig. 3a showed
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Fig. 2. (a)Volcano plots of differentially expressed proteins reveal significance patterns. Threshold cutoffs determined for log2
fold change ratios are represented by vertical solid lines, and p value cutoff of 0.05 are represented by a horizontal solid line.
X-axes are the fold change values (log2 scaled), and Y-axes are the p values (log10 scaled). Gray, blue, and red dots represent
no significantly expressed proteins, down-regulated proteins, and up-regulated proteins, respectively. (b) Bar plot of counts of
statistical up-regulated and down-regulated proteins. Dark blue represents down-regulated proteins, and Dark red represents
up-regulated proteins. (c) Venn diagram of DEPs that screened from comparisons ALK versus N, NaOCl versus ALK, and
NaOCl versus N.(d) A heatmap of common DEPs that is drawn by ‘pheatmap’ package to use Euclidean distance and complete
method for protein clustering.

243 proteins was maximumly found in “Translation, ribosomal structure and biogenesis”. Enriched
analyzes of COG categories of DEPs were performed with Fisher’s exact test using all identified proteins
as a background, and calculated p-values were corrected with Benjamini & Hochberg (FDR) method,
respectively.

3.4. Pathway enrichment analyzes of significantly differentially expressed proteins

For obtaining summary of Kyoto Encyclopedia of Genes and Genome (KEGG) pathways, all identified
protein sequences were submitted to BlastKOALA (https://www.kegg.jp/blastkoala/) that was KEGG’s
internal annotation tool for K number assignment of KEGG GENES using BLAST searches. In total, 1444
(68.9%) sequences were annotated. In these, 226, 220, 197 protein entries were found in “Protein families:
genetic information process”, “Carbohydrate metabolism”, and “Genetic Information processing” as the
top 3 categories.

KOBAS (version:3.0) were performed to search efa (Enterococcus faecalis V583) protein sequences
database for assignment of KEGG gene identifiers to DEPs and all identified proteins. A total of 1,985
(94.7%) identified proteins was successfully mapped to gene identifiers of Enterococcus faecalis V583,
while 184 (93.8%) DEPs of ALK versus N, 105 (93.8%) DEPs of NaOCl versus ALK, 244(94.9%) DEPs
of NaOCl versus N were succeeded in KOBAS searches.
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Fig. 3. Functional analyzes of DEPs: Bar plot of COG functional classification. The same top categories are filled by the same
color. The letter as a COG function code represents the COG functional categories. The counts of protein in categories are
indicated on the bar.

3.5. Correlation of TMT data with quantitative real-time PCR (qPCR) and PRM results

The results of qPCR analysis were checked for the correlation with TMT data (Fig. 4a). About half of
the genes expression in ALK vs N and NaOCl vs N had the positive correlation between qPCR data and
TMT results.

A total of 39 peptides that were significantly up-regulated or down-regulated and involved important
pathways were selected and verified by PRM (Table 2). And the results of PRM analysis were checked
for the correlation with TMT data (Fig. 4b). The majority of the proteins in ALK vs N and NaOCl vs N
had the positive correlation between PRM data and TMT results.

4. Discussion

Many studies had detected the existence of Enterococcus faecalis biofilm in root canals that had failed
to be treated [7], and in vitro studies had confirmed that Enterococcus faecalis could survive in the
commonly used root canal disinfection drugs such as calcium hydroxide and sodium hypochlorite [10,
11], but the mechanism is still unclear. We studied the changes in protein expression of Enterococcus
faecalis biofilm in alkaline and sodium hypochlorite environments by means of TMT-based quantitative
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Table 2
The list of DEPs verified by PRM

Accession Description GeneName
A0A2S7M560 ATP synthase subunit b atpF
J5E1D1 ATP synthase subunit c atpE
C7VAZ6 ATP synthase subunit a atpB
Q831A3 ATP synthase subunit alpha atpA
Q831A4 ATP synthase gamma chain atpG
A0A4V0DH50 ATP synthase subunit beta atpD
A0A3N3KJK1 ATP synthase epsilon chain atpC
E2YC69 ATP synthase, subunit F HMPREF9493_01162
A0A3N3ZC17 V-type ATP synthase beta chain atpB
Q834X8 V-type ATP synthase beta chain atpB
S4D5A4 V-type ATP synthase beta chain atpB
E2YAA6 ABC transporter, permease protein HMPREF9493_00602
E2YAA7 ABC transporter, permease protein HMPREF9493_00603
R3JG22 His/Glu/Gln/Arg/opine family amino ABC transporter, permease, 3-TM region WOK_00999
E2YFG9 ABC transporter, ATP-binding protein HMPREF9493_02321
J6MXR6 Putative glutamine ABC transporter permease protein GlnP HMPREF1332_03123
E2YAV8 ABC transporter, ATP-binding protein HMPREF9493_00680
E2YAV7 Efflux ABC transporter, permease protein HMPREF9493_00679
A0A1G1S9Y6 PTS mannose transporter subunit IID BHU49_07340
A0A449DZ27 PTS system mannose/fructose/N-acetylgalactosamine-transporter subunit IIB FKY84_01780

analysis. The results showed that compared with the alkaline environment, Enterococcus faecalis had a
greater number of proteins that have changed expression in sodium hypochlorite media, and the degree of
change was greater.

For pathogens, many secreted proteins are toxins, adhesins, and enzymes that determine virulence,
which may mediate interactions between the pathogen and the host. In this study, for the first time, we
used the method of metaproteomics to compare the bacterial secreted proteins of Enterococcus faecalis
biofilms under different pressure environments. A total of 2850 differentially expressed proteins were
obtained, of which 580 had statistical differences. Further bioinformatics analysis revealed that proteins
with expression differences of more than 1.5 times were mainly concentrated in ABC transporters,
glycolysis/gluconeogenesis, pyruvate metabolism, citric acid cycle, and other aspects.

The ABC transporter superfamily is a group of transmembrane proteins widely present in eukary-
otes, prokaryotes, and archaea [20,21]. In the K-12 genome of Escherichia coli, approximately 5%
of the genome encodes ABC transporters, which constitute one of the largest known gene families in
humans [22].

The core structure of a typical ABC transporter generally includes four domains and two highly
hydrophobic transmembrane junctions.

The transmembrane domain (TMD) and two hydrophilic nucleotide binding domains (NBD) embedded
in the cell membrane but protruding from the cytoplasm that catalyze ATP hydrolysis. ABC transporters
typically utilize the energy of hydrolyzing ATP to transport various substances across membranes,
including ions, sugars, amino acids, metal ions, vitamins, peptides, hormones, cellular metabolites, and
drugs. Through material transport, ABC transporters participate in various cellular processes, such as
maintaining osmotic pressure dynamic balance, nutrient uptake, resistance to exogenous toxins, antigen
processing, cell division, cancer cell resistance, bacterial immunity, pathogenic mechanisms and spore
formation, cholesterol and lipid transport, and developmental stem cell biological processes [23]. The
bacterial ABC transporter protein was first discovered as a high affinity nutrient transporter, and later
attracted attention due to its involvement in multidrug resistance (MDR) in Candida albicans. Research
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Fig. 4. Correlation of TMT Data with Quantitative Real-time PCR (qPCR) and PRM: (a) Correlation of qPCR and TMT. Log 2
(fold change) is used to draw the scatter plot, and only the significant proteins in the TMT experiment are selected. The blue
dot is qPCR p value < 0.05, and the dark red dot is the smallest qPCR p value >= 0.05. X-axes are the fold change values
(log2 scaled) of TMT, and Y-axes are the fold change values (log2 scaled) of qRTPCR. (b) Correlation of PRM and TMT. Log 2
(fold change) is used to draw the scatter plot. The blue icons represent significant down-regulation while the red ones represent
significant up-regulation. The grey icons represent p value >= 0.05 which means no significant difference. The square icons
represent PRM, and triangle icons represent TMT.

has shown that overexpression of genes encoding ABC transporters is one of the main reasons for
pathogenic fungi to acquire multidrug resistance [24,25]. Overexpressed ABC transporters efficiently
pump antifungal drugs that enter fungal cells out of the cell, reducing the concentration of drugs inside
the cell and allowing pathogenic fungi to survive in the patient’s body, leading to fungal resistance [26].
In recent years, with the efforts of scholars from various countries, the reconstruction of ABC transport
systems for species such as Escherichia coli [27], Bacillus subtilis [28], and Bacillus subtilis [29] has
been gradually completed.

This study identified over 50 peptide segments corresponding to adenosine triphosphate binding cassette
transporter (ABC transporter); Multiple ABC transporters related to the transport of iron, nickel, cobalt
ions, iron compounds, metal ions, oligopeptides, dipeptides, amino acids, branched chain amino acids,
lactidases, and cleavage nucleases were detected in the plaque fluid of the three groups with no differential
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co expression. It can be seen that ABC transporters are involved in various physiological functions of
bacteria. Correspondingly, foreign scholars have applied proteomic techniques in S During the formation
of biofilms by mutans and S. oralis, as well as in the expression profiles of intracellular and extracellular
proteins under various environmental pressures, traces of ABC transporters have also been found [30,31],
suggesting their involvement in regulating bacterial adaptation to the environment, survival, and virulence.
Recently, Alexander further confirmed that two related transport proteins, S. mutans, are involved in the
uptake of disaccharides and oligosaccharides by cells, and there may be interactions between different
transport proteins [32]. At the same time, the ABC transport device system plays an important role in the
recognition process of autoinducers (AIs) transport in the density sensing (QS) system, participating in the
regulation of intracellular specific gene expression and completing signal exchange between bacteria [33,
34].

It is worth noting that we identified a total of 15 highly expressed ABC transporters in the high alkaline
environment pressure group, with 7 proteins greater than 1.5 times. However, in the control group, only 6
ABC transporters were highly expressed, all lower than 1.5 times, suggesting that they may be potential
target molecules for testing the resistance of fecal enterococci biofilms to alkaline environments.

5. Conclusion

Through comprehensive analysis, we obtained a total of 2850 peptide segments with quantitative
information in this experiment. Resulting in a dataset of 580 differentially expressed peptide segments
with statistical significance. In addition, proteins undergo glycosylation, phosphorylation, and acetylation
modifications from synthesis to secretion, and complex interactions occur between proteins. It is worth
noting that we identified a total of 15 highly expressed ABC transporters in the high alkaline environment
pressure group, with 7 proteins greater than 1.5 times. Nevertheless, macroproteomics, secretory pro-
teomics, and bioinformatics analysis still provide a very good platform for our research. This experiment
obtained the largest known dataset of differentially secreted proteins in the biofilm of Enterococcus
faecalis under different environmental pressure states, providing experimental data for further clarification
of the pathogenesis of refractory periapical periodontitis, research directions, and possible ecological
interventions. In the future, we will do more study about functions of meaningful proteins so that we can
recognize more detail about the mechanisms of how E.f resistant to pressure environment.
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Supplementary data

Table S1
List of primers used for RT-PCR analysis

Accession Gene name Primer sequence
Forward Reverse

J5E1D1 atpE TATCGGAGCCGCTATCGGTAA CTTCGATTAAAGCGACCCCGA
A0A4V0CW09 esp GGGCAAGGCTCTCAATGACT GTAGGCTCCATGCTGGTTGT
Q82YS1 sea1 CAGGGGTAGCAGGTATTGGG GCTTGCTCCGTTGTTTGTGT
S4D0N0 dnaK GTATCGAAACAATGGGCGGC CAGCCATTGGACGTTCTCCT
J5D8P4 dltC ACAGGAACAGACGAAGTTGTGA TGGTGTTCCCCATACTTCACG
Q831A3 atpA TTCTATGCAGGCACTCGTCC GCAGTGGCGCATGTAGTTTT
Q834X8 atpB GAGCGGTATCCAACCACCAA GTTGGGCAAAAGCTGCGTAA
C7VCH0 EFNG_00349 GCCAAAGGGGTTGGCTTTAC TTGGGCAATCCCAGAGAACAA
E2YAA7 HMPREF9493_00603 TTTGTTTGCGGCTTTGGGTT CAACAATCGCCATTCGAGCC
R3I6P6 WOU_01561 TATGCACGCTGAATTTGGTGA TCGCTATTACTTTTCCAAGCGG


