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Abstract

Pneumococci are one of the leading causes of iafescthroughout the world causing problems mainly i
children, elderly, and immune-deficient patients. recent years antibiotic resistaBtreptococcus
pneumoniae strains become widespread. Therefore simple, raamd specific detection methods are
needed for public health. In this study, DNA aptamebes agains$. pneumoniae were selected using
bacterial Systematic Evolution of Ligands by Expared Enrichment (SELEX) and these probes were
integrated in to a graphene oxide (GO) based fhaenet assay. Among the tested aptamers three
candidates Lyd-1, Lyd-2 and Lyd-3 showed ¥alues of 844.7+123.6, 1984.8+347.5, and 661.88111
nM, respectively. These candidates showed bindifigitst to S. pneumoniae and no specific binding to
the bacteria used in negative selection. The bgqdwhi aptamers were showed by fluorescence
spectroscopy and flow cytometry. GO based label-fhe@orescent assay developed using Lyd-3 aptamer
had a unique detection limit of 15 cfu.fiLThus we believe that the selected aptamers dmitésed GO
based assay has potential to be used in the detaxfts. pneumoniae. Selected aptamers selectively bind
to S pneumonia with anti-pneumococcal potentiaind holds great potential to be used as molecular

probes for identifying and targeting.
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INTRODUCTION

S pneumoniae is an encapsulated Gram-positive, catalase-negatiyplococcus aerotolerant anaerobe
bacterium often found in the human nasopharyngeéaiofiota [1,2]. Although it is a part of the norma
flora, S pneumoniae is a pathogenic bacterium and one of the majose&aof pneumoniae, otitis media,
meningitis, and bacteraemia [3,4]. The World He@ltlganization (WHO) estimated ~1 million deaths of
children from pneumonia, under 5 years old in 26155 pneumoniae is the most frequent source of
community-acquired bacterial pneumonia in adultsfBihce penicillin was very effective agairfSt
pneumoniae and the side effects are more tolerable than @th#biotics, it has been widely used and the
resistance 08. pneumoniae to antibiotics was first noted in 1977 [7]. Antltic resistanS. pneumoniae

strains are now a worldwide problem with a needes classes of antibiotics [8].

Biofilms are layers of bacterial populations th#teh to each other and to tissues or inert susfaoeh

as medical equipment[9]. Attachment of these badtgpopulations are generally sustained by
polysaccharide, protein, and nucleic acid basegnpetic matrix [10]. This matrix strengthens the
defense of bacteria to the host immune systemrasrdases the tolerance to antibiotics [9,11]. Mbam
65% of the bacterial infections are caused by lomoforming bacteria[8,12]. Pneumococcal biofiims ca
form in the sinus mucosa [13], adenoid and mucegdhelium[4] and involved in otitis media and a¢gst
fibrosis [14]. Furthermor&. pneumonia biofilms can cause clinical problems on many roalddevices

such as typanostomy tubes and cochlear implanis [14

Aptamers are single-stranded oligonucleotides twt bind to their target with high specificity,
selectivity and affinity because of their 3-D shdpe-19]. Aptamers were discovered by 3 different
research group independently in 1990 [20-22] an liieeen generated against a wide variety of targets
such as drugs[23-25], proteins[26], organic or gaoic molecules[27], spores[28], bacteria[16,29,30]
eukaryotic cells[15,31,32], eggs[33], and tissuék[Aptamers are nucleic acid analogues of antd®di

and are generally 25 to 100 bases long[35]. Aptarasx generated by the SELEX (systematic evolution
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of ligands by exponential enrichment) process inctwsequences that has affinity to the target are
enriched from a large population[36,37]. ShortlgL&X is the repeating cycles of affinity separatard
PCR enrichment of oligonucleotides from a startpmpl. Cell-SELEX is a modified conventional
SELEX that uses whole cells as a target. In CellfSE all surface molecules on the cell are potential
target for the selection procedure and this make#i-SELEX highly complex. Cell-SELEX is
advantageous to traditional SELEX when the targedrto be detected in it is physiological form foe t
marker target is unknown[38]. In the literatureerth are some cell-SELEX and traditional SELEX
derived aptamers for pathogenic bacteria suclstashylococcus aureus39,40], Salmonella spp[16],
E.coli[41], Listeria monocytogenes[42], Mycobacterium tuberculosig[43], Streptococcus mutans[44],
Streptococcus pyogeneg45] etc. Metagenomics studies showed that thezenaany types of bacteria in
the human body. Only gastrointestinal microbioms mmre than 40.000 bacterial species[46] and most
of these bacteria are not characterized[47]. Alsexe are many pathogenic bacteria that causetiohsc

in human body and the majority of these bacteriee ot had aptamers selected specifically yethil t

paper, we developed aptamers that can detect sodndlibit biofilm formation ofS. pneumoniae.

Graphene oxide (GO) is a nanomaterial broadly dsedleveloping biosensors because of its unique
mechanical, electrical, optical and thermal praperf48]. GO is a single atom thick, hydrophiligjot
dimensional graphitic carbon nanomaterial and aptaroan be physically adsorbed on to it easilyg-ay
stacking, hydrophobic interaction, hydrogen bondigd van der Waals forces [49]. More importantly
GO can efficiently quench various fluorophores loyp-madioactive electronic excitation energy transfe
[50]. High quenching efficiency of GO makes it atalble material to be used with fluorophore tagged
aptamers. There are many GO based bacterial bmseimsthe literature using the quenching featdre o
the GO [51-55]. To the best of our knowledge tkishie first report in selecting aptamer probesSor
pneumoniae using cell-SELEX, representing their anti-biofibwtivities and using these aptamers in GO

based fluorescence assay.



MATERIALSAND METHODS

Bacterial Strainsand Culture Media

Forin vitro selection, glycerol stocks & pneumoniae bacteria (Klein) Chester (ATCC® 49619™) and
S pyogenes (ATCC® 19615™) were streaked out onto brain heafsion (BHI) agar plates and

incubated anaerobically at 37°C using Merck Anagit@c A System. After overnight anaerobic
incubation, a single healthy colony was inoculatadto BHI broth supplemented with 5% heat
inactivated fetal calf serum and grown to mid-ldwape at 37°C without shaking in anaerobic condition
Enterecoccus faecalis (ATCC® 19433™) were cultured aerobically in themsaculture media and

conditions.

Primersand Library

The single stranded DNA libraries used in the sthdye 42 central random region flanked by two
primers (Libraryl, 5 TGACGAGCCCAAGTTACCT(N42)AGAATTCCCGCTGCCTACA’3, Libraryl
forward primer; 5'FAM-TGACGAGCCCAAGTTACCT’'3, Librarl reverse primer; 5'Biotin-
TGTAGGCAGCGGAGATTCT-3, Library2; 5AAGGGCTGGCTGGGAIGA(N42)TCACTTCACGG
ACCCCACT’3, Library2 forward primer; 5’FAM-AAGGGCTGCTGGATGGA’3 Library2 reverse
primer; 5'Biotin-AGTGGGGTCCGTGGAGTGA-3). DNA librags and primers were purchased from

IDT DNA Technologies.

Cell-SELEX Protocol

Whole alive bacterial cells were used in all SELEXperiments. Two different SELEX procedures were
performed throughout the study. In the first on@,c¥cles of SELEX were carried out only agaiSst
pneumoniae (Klein) Chester (ATCC® 49619™) whereas in the secone, 20 cycles of SELEX were
carried out agains®. pneumoniae bacteria (Klein) Chester (ATCC® 49619™) with thegative selection
againstStreptococcus pyogenes (ATCC® 19615™) ancE. faecalis (ATCC® 19433™). The schematic
representation of SELEX was summarized in FigureBiefly, for SELEX, 5 nmol of ssDNA library
was dissolved in 300 pL of binding buffer (4.5 gflucose, 5 mM MgGl 1 mg/mL BSA in Dulbecco’s
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PBS with CaCGl and MgC} (Sigma D1283), pH 7.2). The library was incubated3 min at 95°C for
denaturation and cooled down on ice until inculmatwith bacteria. All bacteria used in SELEX
experiments were cultured until optical densitg@d nm wavelength (Ogy) reached to 0.3, centrifuged
at 3200 g for 5 min at 37°C and washed 2 timesgu&®00 uL of binding buffer. After washing step
solution was centrifuged again to pellet down thetéria and supernatant was removed from the tube.
Then, 300 pL of denaturated ssDNA library was irtadd immediately with 1.0x£0CFU of bacteria
pellet for 60 min using Tube Revolver/Rotator (Ther 88881001) at 15 rpm. After incubation, cells
were centrifuged and the pellet was washed usifi 10 of washing buffer (4.5 g/L glucose, 5 mM
MgCI, in Dulbecco’s PBS with Caghnd MgC} (Sigma D1283), pH 7.2). To separate the bound ssDNA
from target the pellet was resuspended in 500 plageNree water and incubated at 95°C for 5 min. The
eluted sequences were amplified using PCR with ®@gfluorescein (FAM) and biotin labeled
primers. PCR was performed using Biorad C1000 T&uchhermal Cycler and contained 2 pL of
template ssDNA, 1 pL of each primer (10 uM), 2 110X PCR Buffer, 1.6 pL of ANTP mix(2.5 mM),

4 uL MgCkh (25 mM), Taq polymerase (5 U/ pL) and 9.34 uL dfd3e free water (denaturation 94°C for
30 sec, annealing at 59°C for 30 sec, extensiori2&C for 30 sec). For each round of SELEX a
preparative PCR was carried for optimization of PE€Rle number. The highest number of PCR cycle
without any nonspecific band in the agarose gatedphoresis was chosen and 1 mL of PCR was carried
out in aliquots of 50 pL using this cycle numbefteA amplification, double stranded PCR product was
immobilized on streptavidin-coated Sepharose (GEltHeare Bio-Sciences Corp.) with the aid of biotin
labeled primer and FAM labelled ssDNA was separdtgdlkaline denaturation using 500 puL of 200
mM NaOH for 15 min. Nap-5 column (GE Healthcare -Bicences Corp.) was used to remove NaOH
from the ssDNA solution. After SELEX round one, 1ol of ssSDNA pool was used for each selection,
incubation time was reduced from 60 to 30 min aadhing was increased from 1 to 3 times gradually as
the number of selection round increased. Negatigkctgon using Sreptococcus pyogenes and
Enterococcus faecalis was introduced to selection scheme in theaidd 9" rounds of SELEX to increase

the selectivity of aptamers.



Sequencing and Bioinfor matics

For sequencing lllumina 16S metagenomic sequeribrayy preparation procedure was modified using
suitable library primer sequences instead of V3 \a#degions. After the final SELEX round, pools&¥f

, 9" and 18 from first SELEX and %, 6", 8", 10", 12", 14",16" 18", and 28 from the second SELEX
with negative selection were multiplied using illima overhang adapter sequence added SELEX primers;
5TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGI[SELEX F primer]3’ :
5GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGI[SELEX R primer]3’. After confirmation

of PCR products with agarose gel electrophorebesy were purified using AMPure XP beads. After
purification, each round of SELEX was dual indexistihg Nextera XT Index primers. After PCR clean
up using AMPure XP beads library quantificationrmalization, pooling, and denaturation were carried
out according to the manufacturer's instructiorequgncing was accomplished using 150 cycle MiSeq

Reagent Kit v3 with the addition of 10% adaptealey PhiX control.

Sequences retrieved from each pool were firsthyyaed using NextGen Sequence Workbench v3.2.3;
low quality reads and reads out of the range ofto/81 bases long were removed from the pools.
Avalanche Sequence Dereplicator was used to betalbled the most frequent and enriched sequences.
Most frequent 20 sequences were chosen for fuahalysis. The primer regions were removed from the
sequences and they were aligned using MAFFT vivao#{56]. The alignments were visualized using
Jalview 2.10.2[57] with respect to clustalX and dagnilarity. Phylogenetic tree of aligned sequsnce
was build using unweighted pair group method wiithenetic mean using ATV 4.0 [58]. After forming
the phylogenetic tree, representative sequences fidferent families were selected as candidate
aptamers. These candidate aptamers’ 3-D shapé€aintl 37°C were constituted using NUPACK [59]
and the sequences preserving their shapes at haghperatures were chosen and synthesized forefurth

experiments.

Deter mination of Dissociation Constants
The binding affinities of aptamers were determibgdncubating various concentrations of FAM labeled
sequences with 1xi@ells at 4°C for 30 min. After incubation cells nwevashed twice with 500 pL
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washing buffer and mean fluorescence intensity eisrmined using fluorescence spectrophotometry.
The ligand binding analysis function of SigmaPlaswsed to calculate the apparegtdf aptamers
according to the equation Y=BX)/(Kq+X) (where Y is the net fluorescence intensity aicke

concentration, the Bk is the saturated binding and the X is the conediotr of aptamer in nM).

Specificity of Selected Aptamers

Specificities of the aptamers were determined byguBuorescence spectrophotometry, flow cytometry,
and fluorescence microscopy. For specificity expentsS. pneumoniae, S. pyogenes, and E. faecalis
were used as target cells. Also, a scrambled 80¥WA Bequence was used as a control DNA sequence.
For specificity experiments 1xi@fu.mL? of cells were incubated with 250 nM FAM labeled aaper

and control sequence for 15 minutes than washecetwith 500 pL washing buffer. The cells with
bound aptamers were analyzed using flow cytomeBY) (Accuri, C6 Plus) and fluorescence

spectrophotometry (Hitachi, F-2700).

Effects on biofilm formation

Biofilm formation was quantified by modified crystaolet (CV) assay [60,61]. BrieflyS pneumonia

cells were cultured until Ofgy reached to 0.3. Then, 100 uL of bacteria wereuladed in a 96-well
plate and aptamers with a final concentration @, 20, 600, 800 and 1000 nM were added to assigned
wells. Cells were cultured anaerobically for 12 isoand 1% crystal violet was added to each welierAf

15 minute of incubation with crystal violet cellewe removed and wells are washed with saline swoluti

In order to detach the biofilm from plate walls,04QL of 96% ethanol was added and solution was
transferred to a new tube. After addition of 600 gfLsterile distilled water, each sample’s absocean

was determined at 595 nm (maximum absorption waggteof CV).

Graphene oxide based label-free fluor escent assay
In order to integrate a selected aptamer to a Gfifgom 250 nM of Lyd-3 aptamer was used in
fluorescent assay. For the GO concentration opéitida, 250 nM of aptamer was titrated against 0-250

pg/mL GO (Hazerfen Corp.) and Stern-Volmer plot \waserated for the optimization of quenching. For
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the detection o8. pneumoniae different numbers of bacteria (1 10 cfu/mL) were incubated with the
GOl/aptamer solution for 30 min at room temperatamel fluorescence spectra were recorded using
fluorescence spectrophotometer (Excitation wavdleng®5 nm, Emission wavelength 520 nm).
Selectivity of the GO/aptamer platform was testsihg 1d cfu/mL S pneumoniae and 2x18 cfu/mL S,

pyogenes, E. faecalis, E. coli andS. aureusin washing buffer.

Statistical analysis
Results were expressed as mean+ standard devidindgss otherwise stated, all experiments were
performed in triplicate. The dissociation rates #r&lconstants of the aptamer—target complexes were

determined using SigmaPlot 11.0.

RESULTSAND DISCUSSION

Aptamer Selection

Whole Cell Bacterium SELEX was used in this studygenerate aptamers that specifically bindsto
pneumoniae cells. Using whole bacterium as a target in a Sklgfovides an aptamer selection for
surface entities in their native and working confations.S. pyogenes and E. faecalis were used for
negative targeting to increase the selectivityhaf tdeveloped aptamers. While choosing these negativ
targets phylogenetical proximities were in the eetaifocus, so they thought to be in the same afier
Lactobacillales. Also, by choosing these two bacteria we planoegehnerate aptamers that differentiates
a-hemolytic bacteria§ pneumoniae) from B-hemolytic & pyogenes) and y-hemolytic €. faecalis)
bacteria. Besides, in order to specifically inhibie biofilm formation of S pneumoniae sortase
homology was taken into consideration which hasimaportant role in the colonization and pilus

assembly[62].

The enrichment of the pools generated throughoetSELEX was monitored by fluorescence pool

binding assay (Figure S2). The results of this ymsd@wed that after SELEX round 16, no further



increase in fluorescence was observable which atelicthe saturation of the selection. Throughoet th
selection process, stringency was increased wéld#dtrease in incubation time and application tfaex
washing steps. This pressure applied in the seleatesulted in the enrichment of highly specific
sequences through the last rounds.

Therefore, SELEX process was stopped at round 80panls were sequenced for the determination of
aptamer candidates. Approximately, 0.8 billion higlhality score base (~10 million 80 bp aptamer
sequence) sequence results were obtained afteersggg and basic filtering of the results. After
designating the most frequent 20 sequences, phydtigetree and the Multiple Alignment using Fast
Fourier Transform (MAFFT) were formed in order todf the families. Most frequent member of the each
family was chosen and their structural motifs wanalyzed at 4°C and 37°C. Since they preserved thei
structural motifs such as hairpins and bulges ghdr temperatures due to their high GC content;1yd

Lyd-2 and Lyd-3 were chosen as candidate aptamefsither characterization studies (Figure 1).

Characterization and binding studies of selected aptamers

Aptamers were tested for their binding abilitiesdoget cells by fluorescence spectroscopy usiniyl FA
labeled sequences. As shown in Figure 3, aptamleosvesl binding affinities with equilibrium
dissociation constants in the submicromolar rahgd-3 showed the highest binding affinity with g &f
661.8+11.3 nM. Lyd-1 and Lyd-2 had & Kalue of 844.7+123.6 nM and 1984.8+347.5 nM respely
(Figure 2). These aptamers were also tested wihitbr diacteria to determine the specificity for malac
recognition of S pneumoniae. EvenS pyogenes and E. faecalis which are in the same order and
phylogenetically very close t8 pneumoniae didn’t show a discernable binding compared to drget
cells (Figure 3). Although the binding study of L2dwith target cell showed approximately the same
fluorescence intensity with that of Lyd-3, it hadylrer binding affinity towards non-target cells as
compared to Lyd-3. Based on these results, it vealaded that Lyd-3 was the best differentiating
aptamer with higher fluorescence difference betwaeget and other cells. Binding efficiencies oé th
aptamers were also measured using flow cytometdy aampared to a scrambled 80 bp sequence as

demonstrated in Figure 4. While there was not # & target bacteria with control DNA sequendes t
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binding of aptamers were much more intense showdisgtinct shifts in logarithmic scale. The three

aptamer sequences with high affinity and specyfisiere generated as a result.

Effect of the aptamer on biofilm formation

Microorganisms living in natural environment gerigrdorm clusters on surfaces by residing in the
extracellular matrix surrounding cells. The matpsoduced by these bacteria prevents them to be in
direct contact with the environmental factors sashantibacterial agents, metabolites and immurtersys
factors and the biomass comprised of this matrck @glls are called biofilm. Many cell surface proge
are involved in the initial attachment to surfacdé®reby facilitating the colonization to form hiof
architectures. Virtually, all wild-type pneumocoamie able to form a biofilm[63] and many surface
proteins are taking role in the initial attachméni]f We screened our aptamers for their effectiofilim
formation and found that Lyd-3 aptamer had the basitbiofilm activity. When incubated with 100 nM
of Lyd-1 and Lyd-2, biofilm formation decreased 96.8% and 92.6% respectively, while the Lyd-3
caused a decrease to 67.2% with respect to no aptaomtrol. Incubation ofs. pneumoniae with
increasing concentrations of Lyd-3 suppressed itfdrh formation significantly. Biofilm formation \as
reduced from 100% to 35.8% at 1uM of Lyd-3 concarmdan with respect to no aptamer control (Figure
5). These results demonstrated that the biofilnmiog ability of S pneumoniae was significantly
impaired by the application of Lyd-3 aptam&.pneumoniae forms biofilms during nasopharyngeal
colonization; the former which facilitates persigte, the latter, a prerequisite for subsequent
development of invasive disease [64]. Previousrialdion events causing biofilm formation explains
the S. pneumoniae susceptible individuals. Aptamers that are capabf@eventing biofilm formation can

be a potential solution to colonization of bacteviaen used with suitable antibiotics.

Graphene oxide based label-free fluor escent assay

Since Lyd-3 showed the best selectivity and anainfilm activity we have chosen it for the GO agsa

Combination of GO and aptamers has high potenbaldévelop aptasensors because of the high
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performance adsorption of sSDNA on GO7by stacking [65]. Moreover, GO quenches many types of
fluorescent molecules due to intrasheet energyeatren transfer [66]. In this assay FAM labeledity
aptamer was adsorbed on the surface of GO anddhised the quenching of fluorescence signal of the
aptamer. The Stern-Volmer plot displayed a sigmoidaving shape in the range of 0 to 250 pgimL
(Figure 6A) with a characteristic feature of themtmnation of dynamic and static quenching [67].
Maximum quenching of the fluorescence was reache®@ pg/mrC* GO with 90 % and further
increases of the GO concentration didn't cause@aaedse in the fluorescence. Therefore 200 pg.mL
GO and 250 nM Lyd-3 aptamer was selected as optifourfurther experiments. As shown in Figure 6B
and c the fluorescence intensity of the systemesms®d with the addition of increasing number ajetr
cells. Increase in the fluorescence with increasunmbers of target cells was caused by the splif e
Lyd-3 aptamer from the GO and binding to targeteunoles on the cell. The limit of the detection (LOD
of the assay was calculated as 15 cfu/mL usingh@e&/S formula wheres is the standart deviation of
the blank and S is the slope (Figure 6C). There mamy methods reported for the detection of
Spneumoniae like PCR [68], single tube loop mediated isothdramaplification [69], g-PCR [70], nested
PCR [71], multiplex PCR [72] and electrochemicaltheels [5]. Analytical parameters of these methods
have been compared in Table S1 and it can be baeour method has one of the widest linear range a
comparable LOD. The selectivity of the GO-Lyd-3aswas investigated usir§pneumoniae and other
bacteria. Although all other bacteria species shibaslight increase in fluorescence it is not gigant
compared to target cells (Figure 6D). Nonspecifitefiactions such as ionic interaction and ligand
adsorption between cell surface and ssDNA are thiotay be causing this background fluorescence.
Nevertheless, GO-Lyd-3 assay showed more than 8stifftuorescence increase with respect to the

bacteria with the highest background.

CONCLUSIONS

In the present work, we successfully identifiedaaprs that specifically recogniz&pneumoniae via
cell-SELEX and showed that these aptamers candmkinghe detection using fluorescence spectroscopy

and flow cytometry. Three highly specific aptamgeserated fof. pneumoniae, Lyd-1, Lyd-2 and Lyd-
11



3, were developed using cell-SELEX withy Kf 0.84 uM, 1.98 uM, and 0,66 UM respectively. Jde
generated aptamers showed higher specificitiesrtbiveir target cell by differentiating non-tardmit
closely related bacteria. In addition to their l@ghffinities and specificities, aptamers were eatdd to
determine their anti-biofilm activity and it wasastn that Lyd-3 successfully inhibited the biofilm
formation of Spneumoniae by up to 35.8%. Also a GO based fluorescent adsagloped using Lyd-3
aptamer showed a LOD of 15 cfu.fhLAll these results suggested that aptamers deselopthis study
might be potential probes for further researchhia tliscovery of proteins in charge &f pneumoniae
biofilm initiation. To the best of our knowledgegvare the first to report the generation of aptanaed

aptamer mediated detection of li@egpneumonia cells and demonstrate their anti-biofilm activity.
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Table 1 Sequences and Binding Affinities of Sele&ptamers

Name of
the Sequence of the Aptamer Kq Values (nM)
Aptamer
AAGGGCTGGCTGGGATGGACCCTCCCGAAACGAGCTGTCT
Lyd-1 | cTTAACGGAAGCTAATCTGCCTCACTCCACGGACCCCACT | 844-7#123.6
\vdp | TGACGAGCCCAAGTTACCTCACCCGCCTGGCAAAAAACACE | (oo o i ¢
y ACGACATTTTTCTCACCCCCAGAATCTCCGCTGCCTACA 82347
lya-3 | TOACGAGCCCAAGTTACCTGCCCCCGAACCATACCACACGA| ot o111 o

TGCCCCGTACCCCAGCCACCAGAATCTCCGCTGCCTACA
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Highlights

Selection of DNA Aptamers specific to Streptococcus pneumonia and fabrication of graphene

oxide based fluor escent assay

Abdullah Tahir BAYRAC, Sultan llayda DONMEZ

» ssDNA aptamers were selected agaifsteptococcus pneumoniae by using
bacterial SELEX.

* Graphene oxide/aptamer based label-free fluoresassdy was constructed to
detectStreptococcus pneumoniae.

« The limit of detection of the sensor was 15 cfuhaf S pneumoniae.

* Lyd-3 aptamer showed inhibition on biofilm formatio



