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Abstract

Staphylococcus aureus is a gram-positive and opportunistic pathogen thaine of the most common causes of
nosocomial infections; therefore, its rapid diageds important and valuable. Today, the use ofoparticles is
expanding due to their unique properties. The pepaf the present study is the determinatiois afureus by a
colorimetric method based on gold nanoparticlesNRs). Firstly, S aureus was cultured on both LB media (broth
and agar) and their chromosomal DNA was extraditgrwards, primers and biosensors were designsddban
Protein A sequence data in the gene bank. PCR assaperformed under optimal conditions and the P&Ruct
was electrophoresed on 2-percent agarose gel. Vithesized biosensors were conjugated with AuNR$ an
eventually, a single-stranded genome was addeleta@dnjugated AuNPs and hybridization was perforniéa:
results were evaluated based on color change ddtbgtthe eye, optical spectrophotometry, and igahglectron
microscopy. Finally, the sensitivity and specifjaitf the biosensor were determindthe results of the present study
showed a 390 bp band on the agarose electrophgesighich confirmed the presence of Protein Aegean the
chromosome of the bacteria. The PCR and colorimetgthods were compared with each other. The s8gtysitf
the PCR and colorimetric methods were 10 ng'pend 30 ng WL, respectively. The limit of detection (LOD)
equaling 8.73 ng WL was determined and the specificity of the methas wonfirmed by the DNA of other
bacteriaAccording to the results, the present method igrapd sensitive in detectiriy aureus.

Keywords: S. aureus; Colorimetry; AuNPs; Protein A gene.

Abbreviation: Saphylococcus aureus; S aureus, gold nanoparticles; AuNPs, limit of detection; DOTransient
Electron Microscopy; TEM, Dynamic Light Scatteririg},. S, Dithiothreitol; DTT.



1. Introduction

S aureus is one of the most common human pathogens whiabk, td its high pathogenicity and
resistance to most antibiotics, cause many acquifedtions; this has made it one of the major leimges
for the WHO [1-2]. The virulence factors 8f aureus include hemolysis, oxytocin, enterotoxin, and ¢oxi
shock syndrome (TSST-1) [3—4]. In addition, thd e&lll of the bacterium has Protein A; a large fort
of this is located on the cell surface and is cotewto peptidoglycan with covalent bonds. Thistgiro
has a molecular weight of 42,000 Da, with 5 simitaextracellular strands, which consist of A, B,T
and E, respectively. The presence of two activedastthct Igs makes Protein A secrete and membmanou
Each of the chains can be connected to Fc andFAratein A has multiple biological effects that iease
pathogenic activity by stimulating lymphocyte protdan, severe allergic reactions, preventing
phagocytosis as well as activating complement artdtaxicity [5]. There are several methods for the
identification and diagnosis & aureus, including the characteristics of the bacteridbong on blood agar,
Mannitol salt agar, Muller Hinton agar. Howeverdk methods usually require several days to e
bacteria which are a long-term process [6]. Thexiagglutination (LA) method is not directly capaloff
diagnosis and requires the isolation of a suspect#dny by culture [7-8]. In recent years, genetic-
identification methods, especially using the teghei of polymerase chain reaction (PCR) allows
significant expansion, quicker identification atyiliand more accuracy than the old method [9-16p T
analysis of PCR results by electrophoresis areewéat equipment, materials, and a long durationnoé
because of the presence of PCR inhibitors; inrtfethod, sometimes, the result can be falsely negdt
advanced PCR models, such as real-time PCR, resthnarescence energy transmissions are utilizatl th

accelerate the detection process providing prdimsever, is still expensive [11- 12].

Nanoparticles have properties such as very snmkssurface-to-volume ratios, and unique physindl
chemical characteristics, which large-scale mdtelak. In fact, the size of particle makes itasgibility
to overcome the quantum force. This also affeces ghrticle's properties during its reaction to othe
particles [13-17]. Gold nanoparticles (AuNPs) exhiifferent physical and chemical properties when
they reach the nanoscale; there are significamigdmin the color of the nanoparticles that dependn
the size of the nanoscale [18-23]. The principfah® AuNPs colorimetric method are that if the @®ic
DNA is present in the environment, the probes ammpiemented by them. Then, the addition of salt
causes the accumulation of AUNPs and, as a retidfges the color of environment. In the absence of
genomic DNA, the probes will remain with the AuNiRghe solution without any reaction; thus, no colo
change occurs. The purpose of present study wasttap a new method based on nanobiotechnology to
detectS. aureus by using the AuNPs colorimetric method.



2. Materialsand Methods
2.1. Materials

The standard strains & aureus ATCC 25923,S aureus ATCC 29213 Escherichia coli ATCC 25922,

P. aeruginosa ATCC 27853,S. dysentery PTCC 1188 K. pneumoniae ATCC7881 andS epidermidis
ATCC 12228 were prepared from Pasteur Institutehrdie Iran. Hydrogen tetrochloroaurate (ll1)
trihnydrate (HAuCI4-3H20) and sodium citrate dehyelravere purchased from Sigma (St. Louis, MO,
USA). Tag DNA polymerase, dNTP, PCR Buffer, 10004%A size marker, MgGl ethidium bromide, and
TBE buffer were purchased from the Sina Clone Campdran. All the oligonucleotides (probe and

primers) were synthesized by Bioneer (Korea).
2.2. Culturing Bacteria

At first, the bacteria were cultured in LB-Agar f&é8—24 h at 3T. Then, one of the colonies was
cultured in LB-broth for 18 h at 3Z. The obtained colonies were examined by the lgimistry test as
well as macroscopic and microscopic methods. Irerotd ensure that no contamination arose from the

culture medium, gram-staining was prepared.
2.3. DNA Extraction

A bacterial colony was cultured in the LB-Broth o8 h at 37C. The genomic DNA was extracted by
the genome extraction kit (Pouya Gen Azema Compiaary). The DNA extracted was electrophoresed on
0.8-percent agarose gel, and then, the concentrafithe DNA extracted was quantitatively investégh
by using the UV-VIS Array Spectrophotometer TeifnS&ishro Pajohesh (Laboratory Industrial &

Research System, Iran) and was stored aiG-20
2.4. Designing the Primers and the Probe

The conservative regain sequence of Protein A ¢gasmssion numbed$§61307.1 and BX571856.1) was
obtained from the gene bank database (NCBI). Thbgw as well as the forward and reverse primers wer
designed by using the DNasis and Oligo (Cinna Gamsion 3, Iran) Get Primers NCBI software
(www.ncbi.nlm.nih.gov). The oligonucleotide probedathe primers were synthesized by Bioneer (Korea;
it is described in Table 1). The specificity of thacleotide sequence of the probe and primershier t
detection of the Protein A gene was verified andhfiomed by the Blast Online Software
(www.Pubmed.Com/blast).

Tablel



2.5. PCR Amplification

The presence of the Protein A gene on the chromalsBNA was determined by using PCR assay. To
achieve this purpose, PCR assay was performedatuane of 50uL, which contains PCR Buffer (10 X),
MgCl, (1.5 mM), dNTP (0.2 mM), forward and reverse prisngach one 0.4 mM, 10 pat™), a DNA
template (50 nguL™), and Taqg DNA polymerase (2.5 U). PCR assay wégted with the initial
denaturation program at @for 5 min in 30 cycles; secondary denaturatios waried out at 9€ for 30
seconds; annealing the primers to the target DNA earied out at 5& for 30 seconds; the extension
temperature was set at C2for 30 seconds; and the final incubation tempeeatvas 7Z for 5 min. The

PCR product was electrophoresed on 2-percent aggeds
2.6. Synthesis of AUNPs

Colloidal AuNPs, 6-10 nm in diameter, were synthediby using the citrate-reduction method [12, 19].
Typically, 100 mL of a HAuCl (1 mM) solution was heated to reflux with vigoraitsring; the plug was
removed, and, then, 10 mL of sodium citrate (38/)mvas added to the mixture. The solution color
changed from pale yellow to wine red within 1-2 mirhe solution was then heated under reflux for
another 20 min. The heat source was thereaftervedthand the solution was continuously stirred until

cooled to room temperature (25 + 2°C). The restulamPs colloids were stored aiC4
2.7. Characterization of AUNPs

After the sonication of nanoparticles by using dmagonic homogenizer (Development of Ultrasonic
Technology, Iran), the morphology and size of thyatisesized AuNPs were studied by transmission
electron microscopy (TEM) and dynamic light scatigr(DLS). The sample was diluted in absolute
ethanol (1:10) and one drop of the diluted suspensvas slowly evaporated on a 300-mesh carbon
membrane-coated copper grid. The TEM experimentpeaformed on a Philips CM208 microscope that
was operated at 80 kV. The size distribution of feNPs was studied by dynamic light scattering
measurement by using a Malvern DLS. The absorgpattra of the AUNPs were measured by the UV-

VIS Array Spectrophotometer Teif Sanj Pishro Pagbh@ aboratory Industrial & Research System, Iran).
2.8. Conjugation of Probes

For the conjugation of the probe with AuNPs, atfithe thiol probe should be activated. Thuspll%1
uM) of the probe was dissolved in 100 DTT (Dithiothreitol solution) for 1 h. To remoM@TT, 200uL
of ethyl acetate was added; after mixing for 5 i centrifuging at 12000 g for 10 min, the organic

phase of the aqueous phase was separated by aesafipis process was repeated three times to
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completely remove DTT. Then, purification probegevadded to the AuNPs solution and it was incubated
at 45C for 2 h. The thiol groups in the probes were libtmthe surface of the AUNPs [19, 24].

2.9. Colorimetric Assay

For colorimetric assay, standard samples were pedeom Pasteur Institute, Tehran, Iran and dihic
samples were isolated of stool and urine samplédoefsavi Hospital, Zanjan, Iran. Then, the targdtAD
was extracted by Kit. For the hybridization of thecterial genome with probe-conjugated AuNPs,, filst
bacterial genome (106g pL) was incubated into the micro-incubator at®%or 5 min to convert the
double strand genome (dsDNA) into a single-strangedome (ssDNA). Eventually, the ssDNA was
added to 50uL of the AuNP-probe. The hybridization was perfodmat 45C for 10-15 min. On
completion of this step, 10L (0.1 M) of NaCl solution was added to the mixtueaction and the color

change of the environment was investigated thrabgmaked eye and UV-VIS spectrophotometry [Fig.1].
Fig.1
2.10. Sensitivity

To determine the sensitivity of the colorimetry hwd, different concentrations of the genomesSof
aureus (1, 5, 10, 15, 20, 40, 60, 80, and X0uL™) isolated of standard sample and clinical sampie®
used. The results were measured and compared veithaked eye, UV-VIS spectrophotometry, and PCR

methods.
2.11. Specificity

In order to determine the specificity, the targ@&tAof S. aureus ATCC 25923, S. aureus ATCC 29213,
E.coli ATCC 25922,P. aeruginosa ATCC 27853 S. dysentery PTCC 1188 K. pneumoniae ATCC7881
andS epidermidis ATCC 12228 were extracted by using a genome DN#aetion kit (Pouya Gen Azema
Company, Iran). Then, 6fy uL* of each one was added to the AuNPs and the reaslewamined by the
naked eye and UV-VIS spectrophotometry.

3. Result and Discussion
3.1. PCR Amplification

In the present study, in ti& aureus standard strain, small and clear colonies werernviesl on the LB
agar medium. Furthermore, gram-staining of thermekd cluster-like cocci in violet color, confirmebe
characteristics of. aureus. Amplified products (5 uL) were analyzed basedtloeir sizes by using 2-

percent agarose gel electrophoresis in the TBEehuK 100 bp size marker (Fermentas, Germany) was
5



used as a molecular size standard, which was dtavith ethidium bromide, and visualized under a-Bio
Rad UV Trans illuminator (Hercules, CA, USA). Thesults showed a fragment of 390 bp (lane 1, 2) of
the S aureus Protein A gene (Fig. 2).

Fig. 2
3.2. Characterization of AuNPs
3.2.1. UV-VIS Spectrophotometry

The absorbance ratio of the AuUNPs was measured\bY I3 spectrophotometry. The results of these
studies are shown in Fig. 3. The synthesized AuhlRsa maximum absorbance wavelength of 520 nm
and were deep-red in color. The conjugating andibgmof the AuNPs with the probe, the target DNAl an
NaCl of the bacteria were investigated. The ressiiswed that by connecting the probe and the target
DNA of the bacterium to the AuNPs, the absorbanaeelength changed from 520 to 523 nm and 560 nm,
respectively. Furthermore, the color of the AuNRarged from red to blue. Finally, the optical apton
rate of AUNPs-probe DNA-target DNA complex at 528 was reduced. However, the optical absorption
was increased at 560 nm wavelength that as showigir8.

Fig. 3
3.2.2. TEM and DLS

The structure of the AuNPs was measured by usiniyl Had DLS. The size and potential of the
synthesized AuNPs was 15 nm and -28 mV as showigms 4A and 4B. Using TEM, the positive control
reaction specimens (containing the target DNA ef tacterial and AuNPs probe) and a negative control
reaction (no target DNA of bacterial and AuNPs-@plvere investigated. The accumulation, change of
size, and potential of AuNPs indicates the bonaveen the AuNPs of the probes and the target DNA of
the bacteria. In the present study, the size ardnfial of AuNPs, the AuNPs-probe, and the AuNPs-
probe-target DNA were changed from 15 nm and -28 tm\8 nm and -20 mV 23 nm and -12 mV,
respectively, as shown in Figs. 4C, D and 4E, Fe etk of accumulation of AuNPs in the negative

control specimens (lacking the target DNA bactgiraicates the absence of target DNA bacterial.
Fig. 4
3.3. Sensitivity

In order to determine the sensitivity of the calweiric method, different concentrations $faureus

target DNA (1, 5, 10, 15, 20, 40, 60, 80, and HOuL™") were added to the 47.5 pl of AuNPs,
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respectively. After adding 0.1 M NacCl, the colortbé AuUNPs were changed from red to blue for 5 atin

a concentration above 10 ng mL of the bacterigigialDNA. In lower concentrations of the bacteraabet
DNA, no change in the color appears, as shown gn 5A. The results demonstrated the good linearity
relationship between the absorbance and concantrafithe bacteria target DNA from 5 to 49 uL™
This is shown in Fig. 5B and can be expressed as (Y. 647X + 0.6197, where?R= 0.9959. The
established method for bacteria detection had addiinear range of 5— 4@y puL !, with a detection limit of
8.73ng pL™* for colorimetric assay, as estimated from the @erigalibration curve (Fig. 5B). Finally, in
different concentrations of the target DNA, the sewity of the PCR method was investigated, anel th
results of both methods were compared with eackroffhe sensitivity of colorimetric assay with eye
naked, UV-VIS spectrophotometry and the PCR methert determined as 8.78 pL™, 4.3ng uL*and

30 ng pL?, respectively. Therefore, the colorimetric assagswabout 3.45 times more sensitive than the
PCR method (Fig. 5C).

Fig. 4
3.4. Limit of Detection

Limit of quantitation (LOQ) of the colorimetric asgwere estimated by using (standard deviatiomef t
blank solution, n = 6 and the background signalghef absorbance spectrophotometer). The limit of
detection (LOD) is the minimum concentration of taeget DNA in producing the absorbance ratio by
UV-VIS absorption spectroscopy [25-27]. In our noEth we took advantage of the definitions and
equations provided in the guideline EP17, which walslished by the Clinical and Laboratory Standards
Institute (CLSI) to calculate the values of LOD abh@®Q [19]. Thereafter, the LOD and LOQ were
determined by using the equation LOD = 3.3 SD/b B@f) = 3.3 x LOD, where SD is the standard
deviation of the blank measurements (n = 6) anslthe slope of the calibration curve. Subsequetitly,
LOD and LOQ were calculated as 8.73 and 28@8L", respectively.

3.5. Specificity

Firstly, the target DNA oE.coli, P. aeruginosa, S dysentery, K. pneumoniae, S. epidermidis, and S.
aureus were extracted. Then, 6@ puL " from the target DNA of each bacterium was addethéomixture
reaction containing the AuNP-probe conjugated vitictionalized AuNPs. The results indicate thathe
percentage of the target DNA 8f aureus, the color of mixture reaction was changed from teedblue;
other bacteria, however, did not observed colongkaFurthermore, absorbance wavelength was shifted

from 523 nm to 560 nm; in the other strains, howgeNevas not changed (Fig. 6).



Fig. 5
4. Conclusion

In present study, we report an AuNP-based probedtarimetric assay and the selective detectio8. of
aureus target DNA. This method is rapid and convenient] aan be accomplished within 10-15 min
based on the eye naked and UV-VIS spectra, arghdisant color change that is easily recognizedhzy
naked eye. The results of the present study inglicitat the sensitivity of colorimetry and PCR roelth
were 8.73ng pL"and 30ng pL, respectively. Therefore, colorimetric assay wasua three times more
sensitive than the PCR method. The purpose of ithgept assay presents a satisfactorily linear rdoge
detection limit, good accuracy and specificity Ire tdetection of th& aureus target DNA. Finally, the
results indicate that AuNPs, with a relative higlaspect ratio (longer ones), demonstrate advantages
Furthermore, we have demonstrated that our methsdiiable to efficiently monitor the amount ofgeir
DNA in food and clinical samples, which can be &aphs a promising candidate for the on-site dietect
of S aureus[28].

References

[1] F. Khademi, F. Ghanbari, A.J. Mellmann, M. Nagdeh, A. Khaledi, Phylogenetic relationships
amongStaphylococcus aureus isolated from clinical samples in Mashhad, Irdhnfect Public Health; 9
(2016) 639-644.

[2] D. Chudobova, K. Cihalova, S. Skalickova, 3Daped chip for detection of methicillin-resistant
Staphylococcus aureus labeled with gold nanoparticlelSlectrophoresis; 36 (2014) 457-466.

[3] C. Kong, H. Neoh, S Nathan, Targetistaphylococcus aureus Toxins: A Potential form of Anti-
Virulence TherapyToxin; 15 (2016) 3-8.

[4] S.H. Huang, Gold nanoparticle-based immunoclatmgraphic test for identification &aphyl ococcus
aureus from clinical specimens;lin. Chim. Acta; 373 (2006) 139-143

[5] H. Son, S. Park, L.R. Beuchat, et al, Inhibitiof Staphylococcus aureus by antimicrobial biofilms
formed by competitive exclusion microorganisms taindess steellnt. J. Food Microbiol; 238 (2016)
165-171.

[6] P. Reddy, S. Ramlal, M. Sripathy, Developmemtl &valuation of IgY Immuno Capture PCR ELISA
for detection of Staphylococcus aureus enterotoxin A devoid of protein A interferend. Immunol.
Methods; 408 (2014) 114-122.



[7] A. Moser, R. Stephan, S. Corti, S. Johler, Carmgon of genomic and antimicrobial resistanceufiesst
of latex agglutination test-positive and latex agjglation test-negativBaphylococcus aureusisolates
causing bovine mastitl, Dairy Sci; 96 (2013) 329-334.

[8] X. Wang, N. Choi, Z. Cheng, J. Ko, L. Chen, 8ltaneous Detection of Dual Nucleic Acids Using a
SERS-Based Lateral Flow Assay Biosensor, Anal. Gl82n{2017) 1163-1169.

[9] J.P. Martin, G. Silva, C. Fonseca and etHdficiency of a cleaning protocol for the remo\dl
enterotoxigeni&aphylococcus aureus strains in dairy plant$nt J Food Microbiol; 238 (2016) 295-301.

[10] B. Amini, M. Kamali, M. Salouti, P. YaghmaeFluorescence bio-barcode DNA assay based on gold
and magnetic nanopatrticles for detection of ExatoXigene sequencdiosens. Bioelectron; 92 (2017)
679-686.

[11] M. Mehta, J.T. Clure, K. Mangold, R. Lance,rfdemance of 3 real-time PCR assays for direct
detection ofStaphylococcus aureus and MRSA from clinical sample®iagn. Microbiol. Infect. Dis; 83
(2015) 211-215.

[12] A. Narmani, M. Kamali, B. Amini, et al. Higjr sensitive and accurate detectionvibrio cholera
01 OmpW gene by fluorescence DNA biosensor basedatth and magnetic nanoparticld®.ocess
Biochem; 65 (2018) 46-54.

[13] X. Fua, L. Chen, J. Li, M. Lin, Label-free coimetric sensor for ultrasensitive detection opdmén
based on color quenching of gold nanorods by graplogide, Biosensors and Bioelectronics; 34 (2012)
227- 231.

[14] T. Lou, Z. Chen, Y. Wang and L. Chen, BlueRed Colorimetric Sensing Strategy for Hg and Ag via
Redox-Regulated Surface Chemistry of Gold Nanogagj ACS Appl. Mater. Interfaces; 3 (2011)
1568-1573.

[15] M. Guria, M. Majumdar, Green synthesis of teio capped nano-gold particle: An excellent
recyclable nano-catalyst for the reduction of naromatic pollutants at higher concentratidryiol. Lig;

222 (2016) 549-557.

[16] Y. Ding, S. Wang, J. Li, L. Chen, Nanomateifiased optical sensors for mercury ions, Trends in
Analytical Chemistry; 82 (2016) 175-190.

[17] L. Chen, W. Lu, X. Wang, L. Chen, A highly setive and sensitive colorimetric sensor for iodide
detection based on anti-aggregation of gold nartigpes, Sensors and Actuators B; 182 (2013) 483- 48
[18] X. Fu, Z. Cheng, J. Yu, P. Choo, L. Chen, Bo& A SERS-based lateral flow assay biosensor for

highly sensitive detection of HIV-1DNA, Biosensa@nsdBioelectronics;78(2016)530-537.



[19] B. Amini, M. Kamali, M. Salouti, P. Yaghmaegpectrophotometric, colorimetric and visually
detection ofPseudomonas aeruginosa ETA gene based gold nanoparticles DNA probe anlbmeumclease
enzyme Spectrochim. Acta A; 199 (2018) 421-429.

[20] M. Hu, J. Chen, Z.Y. Li, L. Au, Gold nastructures: engineering their plasmonic propeffibes
biomedical applicationsgghem. Soc. Rev; 35 (2006) 1084—-1094.

[21] S.M. Moghimi, A.C. Hunter, J.C. Murray, Lorgirculating and target-specific nanoparticles: tiyeo
to practice Pharmacol Rev; 53 (2001) 283-318.

[22] M. Subhra, J.B. Gerald, K. Silke, F. Cinziagdign, development and characterization of multi-
functionalized gold nanopatrticles for biodetectimmd targeted boron delivery in BNCT applications,
Appl. Radiat. Isot; 69 (2011) 1692—-1697.

[23] R. Luo, Y. Li, X. Lin, F. Donga, W. Zhang, IYan, W. Cheng, H. Ju, S. Dinga, A colorimetric gssa
method for invA gene oBalmonela using DNAzyme probe self-assembled gold nanopestias single
tag, Sens Actuators B Chem; 198 (2014) 87-93.

[24] M. Ingersoll, E.A. Groisman, A. Zychlinsky, fagenicity islands ofShigella, Curr. Topics
Microbiol. Immunol; 264 (2002) 49-65.

[25] J.P. Curran, F.L. Al-Salihi, Neonatsibphylococcal scalded skin syndrome: massive outbreak due to
an unusual phage typleediatrics; 66 (1998) 285—-290.

[26] Z. Fu, X. Zhou, D. Xing, Sensitive colorimetrdetection ofListeria monocytogenes based on
isothermal gene amplification and unmodified gadchoparticlesMethods; 64 (2013) 260—-266.

[27] S.J. Oh, B. Hyun, J.H. wan Jung, G. Choi, @trgal loop-mediated isothermal amplification
microdevice for rapid, multiplex and colorimetrigoid borne pathogen detectidBipsens. Bioelectron;

75 (2016) 293-300.

[28] J. Wu, Y. Ding, J. Wang, F. Wan&aphylococcus aureus induces TGH1 and bFGF expression
through the activation of AP-1 and NdB transcription factors in bovine mammary epithetalls.
Microb. Pathog; 117 (2018) 276-284.

10



A)

0‘* Y —" @ i

AuNPs Biosensor AuNPs-Biosensor

B)
S S
0 VVWV\ + MWW —— ‘ 0 OOV
AuNPs-Biosensor Target DNA AuNPs-Biosensor-Target DNA
© 5
NaCl
1.2 -
0.9 -

03 Voo

Read AuNPs Aggregation

Absorbance

0 T T T 1
500 530 560 590 620
Wavelenght (nm)

Fig.1. Schematic illustration of the AuNPs-probe for déten of target DNA

11



1000bp >

500bp >
390bp >

100bp >

Fig. 2. PCR analyses of th®& aureus Protein A gene; (M): marker 100 bp; (1, 2): Staddstrain ofS.

aureus.

12



Absorbance
S o 9=
=) o (]
(BRI
@) >

e
(5]
1

0 T T T T 1
500 520 540 560 580 600

Wavelenght (nm)

Fig. 3. UV-VIS spectrophotometry of synthesized AuNPs; (#avelength and absorbance ratio of AUNPs
prior to conjugation with a probe, (B) wavelengtidabsorbance ratio of AUNPs after conjugation \&ith
probe, and (C) wavelength and absorbance ratiouNPRPs after hybridization with the bacterial target

DNA.

13



(A) (B) Size Distribution by Volume

e 0,
b %
g 20
5
S
. 10
0
01 1 10 100 1000
So_nm . Size (r.nm)
. (D) Size Distribution by Volume
) . o -
et 30
. 9 g
. . % 20
>
" L . 10
.
50 nm o
0.1 1 10 100 1000
Size (r.nm)
(F) Size Distribution by Volume
40
30
3
£ 2
[
z
10
o!
01 1 10 100 1000

Fig. 4. Size and morphology analysis of AUNPs and a systtmanomaterials by TEM and DLS: pure
AuNPs (A, B), AuNPs-probe DNA (C, D) and AuNPs-peoDNA-target DNA accumulation in the
presence of NaCl (E, F).

14



(A)1.2 A Ayl ((B)0.9
= Ui
: ‘G s 0.7 07
) 8
2 g g 0.5 - % 0.5
< ] 2
£ a = z
2 v [ 203 025
= "J : 5 10 15 20 25 30 35 40
Target DNA (ng pL-!
< 0 | ’ i : “ 0.1 | ] ) 2 FLM )
500 530 560 590 620 0 20 40 60 80 100
Wavelenght (nm) Target DNA (ng pL")

1000 bp -

390 bp->
200 bp -

100 bp

Fig. 5. Comparison of the sensitivities of the PCR andomoletry methods; (A): determination of
sensitivity ofS. aureus at different concentrations of the target DNA 1,10, 20, 40, 60, 80, and 166
uL™) from A to H, respectively; (B): linear relatioriptbetween the different concentrations of theearg
DNA and absorbance changes from 1-100 ng'pdnd the calibration curve showing the relatiopshi
between the different concentrations of the tafdA and absorbance from 80 ng pL-* (insert); (C):
PCR analysis at different concentrations of thggaDNA (1, 5, 10, 20, 30, 40, 60, 80, and 100 hg'p
from A to H, respectively) and M: markers 100 bp.

15



1.2 - A AI
- v
30.97 l
S 0.6 - L
«

2 H H[
80.3- W
Q |
< 0 . v

500 520 540 560 580 600 620
Wavelenght (nm)

Fig. 6. Specificity of the colorimetric method A to F caitting the target DNA (60 ng jit) of E.cali, P.
aeruginosa, S dysentery, K. pneumoniae, S. epidermidis, andS aureus, respectively.

16



Table 1. Probe and Primers sequence

Primersand Probe Sequence Tm ('C) | CG (%) | Length (bp)
Primer forward 5CGAATCTCAAGCACCGAAAGS 57.2 50 20
Primer reverse 5CAGGCTTGTTGTTGTCTTCCS 57.22 50 20
Probe 5' (SH)GCCTAACTTGAACGAAGAACE | 2467 45 20
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. The Limit of Detection (LOD) and Limit of Quardtion (LOQ) were determined 8.73 ng
uL™*and 28.81 ng L, respectively.

. The sensitivity of nanomaterials system was datezd at different concentration of the
target DNA ofS aureus.

. The colorimetric assay based on AuNPs was usedefection ofS. aureus gene protein A
for first time.



