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ABSTRACT

In this study; we have designed a Slver nanoparticles (AgNps) based piezodectric Quartz crystal microbalance
(QCM) AgNPs were synthesized and were coupled with anti sera of S typhimurium. Coupled AgNps were
characterized by TEM and FITR In TEM micrographs; we have observed spherical of AgNPs at the range ~50nm
diameter Developed immunosensor for S typhimurium QCM has showed good reactivity and specificity towards its
antigen of S. typhimurium; also showed decrease in frequency with respect to incubation time. The developed
methodology is effective; selective; inexpensive and reproducible for the detection of S. typhimurium and a further
step forwar ds towards devel opment of point of care technology for the detection of bacteria Moreover; we have also
demonstrated that the efficacy and sensitivity of sensors could be increased by immobilization of functional
nanoparticles on the surface of quartz crystal
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INTRODUCTION

The increased mortality rate dueSalmonellosis continues to be a major public health problem dwitle causing
sixteen million annual cases of typhoid fever; dniion cases of gastroenteritis and three millideaths are
estimated worldwide due to the bacterial pathogénfiection of Salmonella [1; 2] It also contributes to negative
economic impacts due to the cost of surveillancsstigation; treatment and prevention of illness¢ aeeds
urgency for an early detection of this pathogen fichgine and conventional detection devices are t@wnsuming
and needs highly skilled operational method; upcgntechnologies of biosensors are quick; precisesamsitive
method of the pathogen-detection [3]

Bacteria are our invisible friends or invisible amies Some bacteria aid our digestion; others destoo poisons
Still other “bugs” make us sick The ones which makesick need attention as they can be f&hihonellae are
gram negative; facultative; anaerobic bacteridheffamily Enterobacteriaceae; made up of non sfooneing rods;
usually motile with peritrichous flagellsalmonella is closely related to thiéscherichia genus and are found in both
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cold and warm blooded animals including humans ianithe environment They cause iliness like typhfader;
paratyphoid fever and foodborne illness [Bhe capacity ofSalmonella to produce many virulence factors
contributes to its pathogenecig/typhimurium invade cultured epithelial [5] and macrophage celisvitro and
remain inside a unigue membrane-bound vacuoleStheone la-containing vacuole (SCV); where they begin to
replicateSalmonellosis can occur when infected withtyphimurium and produces symptoms of food poisoning like
nausea; vomiting; diarrhea which can result in deatjon and even death Hence the detectio@ tgphimurium is

of great clinical importance while curing theseedisesS typhimurium can be detected by various techniques or
devices but here we describe the most recent namattogy based nanobiosensing device for its detect

There are different immobilizing protocols which reestudied in our laboratory for developing nansbiwsor
devices using piezoelectric QCM Thiolization techu@ usingp-aminothiophenol (ATP); was used to modify the
cleaned surface of quartz crystal The crystal serfaearing SAM of ATP was utilized for immobilizati of
Salmonella O antiserum factor VII using DCC/NHS chemistry followed by appropriatediling using bovine serum
albumin (BSA) solution Finally; this developed tsdlnicer was exposed t® typhimurium (target analyte) for
detection by recording the change in frequencyuarty crystal according to Sauerbrey equation HRper@mental
setup and devices; protocols are in the MateriadsMethods section

QCM is a piezoelectric device which can be modifiedlevelop different immunosensors Salmain Male2011;
has demonstrated that piezoelectric immunosensdd de used for direct and rapid detection of syfgoccal
enterotoxin A (SEA) [6] Self assembled monolayethod (SAM) method was used for rapid detection atiBus
anthracis [7] Immunosensor development processhiagovarious steps The very first step in this pescis the
activation of quartz crystal surface The thiolieatimethod results in activation of quartz crystatface This
modified surface is then further utilized for amiity immobilization in successive step [8] The andip
immobilization step is the key step during immumss® development because antibody provides thefgjitgco
immunosensor For proper immobilization of antibahd for sensitivity purpose; quartz crystal iss ified with
functionalized AgNPs

This report describes the designing of Silver namntigdes (AgNps) based piezoelectric@tz crystal microbalance
(QCM) AgNPs were synthesized and were coupled waitti seraof S typhimurium for developing an effective;
selective; inexpensive and reproducible devicdtferdetection o8 typhimurium

MATERIALS AND METHODS

Chemicals and Instruments

Silver nitrate (AgNQ@; Sigma Aldrich; USA); methanol (GG&H; SRL; India); trisodium citrate ¢Els0,Nas; Sigma
Aldrich; USA); p-aminothiophenol(ATP; Sigma; USA); toluene (SRLdil); Sodium hydrogen bromide (NagH
Fisher Scientific; USA); 3;3’-dithiodipropionic ati(DTPA; Sigma; USA); N; N’- tetraoctyl ammoniumdonide
(TOAB; Sigma; USA); 3;3'-thiodipropionic acid (TDRASigma; USA); purchased of analytical grade Double
distilled (DD) water is used throughout the expenims for preparation of solutions and washing psego

Instruments used during synthesis are electror@nba (Percisa; Switzerland); magnetic stirrer fflate (Spinot;
Tarsons Products Pvt Ltd; Kolkata; India); Rotdagh evaporator (Metrex; India) etc

Synthesis of Silver Nanoparticles (AgNPs)

Chemical reduction method was used for the syrdhesbare AgNPs In this method; silver nitrate (AN is
chemically reduced with trisodium citrate#G0;Nas) In a typical experiment; 50 ml of 1 x #01 AgNO; was
heated to boiling and 5 ml of 1 % trisodium citrates added drop by drop During the reduction pracsslution
was stirred continuously along with heating at °80until the color changed from colorless to paddow Flask
containing AgNPs; was then removed from the healagient and stirred until cooled to room tempegatu

Synthesis of Functionalized AgNPs

Phase transfer method was used for the synthedignofionalized AgNPs AgNPs were functionalized hyg-
aminothiophenol (AgNPs@ATP) by this method The ¢gipiprocedure for this synthesis involved the réidacof
25ml of (1 x 10°) M silver nitrate solution in water with 1% NaBlqueous solution Sodium borohydride acted as
a reducing agent In the first step; the silver nietas were transferred to organic layer by stigrihe aqueous silver
nitrate solution with 25 ml toluene containing Nitétraoctyl ammonium bromide (TOAB); as a phasadfer

168
www.scholar sresear chlibrary.com



Shashank Pandeyt al Der Pharma Chemica, 2014, 6 (2):167-176

agent A biphasic system was constructed by thesbiwents; water and toluene After %2 an hour ofiatjrat room
temperature; 25 ml solution gfaminothiophenol solution in toluene was added thedstirring was continued for
further % an hour To this biphasic system; a 25ampieous solution of NaBHs added keeping the boiling
condition till the color appears from colorless hmownish red The molar ratio for the Ag@ctyl), NH," Br
/thiol/NaBH, was fixed to 1:3:3:10 As the color observed; thetey was allowed to cool to room temperature with
continuous stirring After that AQNPsS@ATP were washeith lot of ethanol A schematic representatiom fo
synthesis of functionalized nanoparticle by thegghtransfer method was given in Figure (1A) alorith wolor
scheme in Figure (1B) The great advantage of thethad was that the nanoparticles could be traresfeimto
desired solvent (methanol in this case) by evapwabluene in rotary flash evaporator and redisiper NPs

A
(TOAB+ Toboere) Ag
(Orgn o
) RSH \ TR,
00, — — s | (4§ »
Findiomliing Apri | N\ /
Agean Phoe n
R Faactionalived Ag NPs
C 25ml AgNO- solution i 25 ml Toluene containing 25 miTol .
= gt ¥s solution in Tetra-n-octylammonium 25m oluene containing
DDwater bromide p-aminothiophenol

Solution was heated & shrred
AtRT for 30 min

25ml solution of NaBH,

Solution was heated & stimed
at 80 °C temperature

Dark brown/fredwine
color

Separation of organic layer

AgNPs@ATP

Figure 1 (A) Schematic diagram for synthesis of fuctionalized AgNPs by phase transfer method (B) Cotscheme for the functionalized
AgNPs in biphasic synthesis system (C) Flow diagrafor the synthesis of AgNPs functionalized withp-aminothiophenol

Characterization Of Prepared AgNPs

After synthesizing AgNPs by the standard reductizethod; it is important to characterize the prepa®s Three
different methodologies were used for this studycWhinvolved Transmission Electron Microscopy; @Eitiolet-

Visible spectroscopy and Fourier Transform Infraspeéctroscopy TEM; JEOL; Japan instrument was (sethe

determination of size and shape of synthesized Nfescharacterization process required suspensidiPsfand a
thin file of NPs was developed by immobilizing them carbon coated copper grids For this; the gad exposed
to sample for some time and then sample was rugesffly from grid and allowed to dry before TEM muigraph

imaging The TEM instrument with microscope JEM 1@pkrated at 80 kV With the help of the softwatedted
to the instrument; the size of prepared NPs wasrgiehed In UV-Visible spectrophotometer (UV 570AgNPs

wereoptically characterized with the help of double lhédarious UV spectra were collected and observedidta
analysis The synthesized AgNPs@ATP in toluene \a&se characterized with FTIR spectroscopy Hereatamh

containing all IR wavelengths (eg; 5000-4008mas split into two beams One beam was of fixedile; the other
of variable length A data-processing techniqueecbfourier Transform turns this raw data into theiid result
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(the sample's spectrum): Light output as a functibinfrared wavelength (or equivalently; wavenumb®ince a
monochromator was not used; the entire radiatiogeavas passed through the sample simultaneoudlynaich
time was saved FT-IR instrument could have verjisolution (<0001 cif)

Preparation of QCM Immunosensor

For the detection of typhimurium; the Ag and the antisera (8lmonella O antiserum factor VII) were procured
from BD Also in this study; QCM was developed aszpielectric immunosensor and QCM-200 (Stanford &eke
System; Inc USA) system was used for biosensor ldemeent [9] The chemicals used in this study were N
hydroxysuccinimide (NHS; SRL; Indiajg-aminothiophenol (ATP; Acros; USA); N;N’-dicyclohgxcarbodimide
(DCC; SRL; India) and bovine serum albumin (BSA;rés; USA) The transducer used was the AT-cut quartz
crystal sandwiched between gold electrodes on thwtsides with fundamental frequency of 5MHz (SRISA)

The crystal surface was washed with methanol amdpgitate-buffered saline (PBS); pH 74 after eagh ateper
requirement

For the synthesis process; all the glassware wad ofborosilicate glass and was purchased frongeiall the
glassware used in the following experiments weearmed with freshly prepared HMCOHCI (v/v 1:3); rinsed
thoroughly with double distilled water and driedaven To start with; it was important to have artgiarystal with
clean surface for a strong and clean interactiothefmolecule Ultrasonic method was a general olgamethod
which was done in a solution of detergent in deiediwater In the process the crystal was exposééstsodium
dodecyl sulfate (SDS) detergent solution in DD wated sonicated for 2 min 30 sec pulse with on affidime
setting Immediately rinsed liberally with methamwid deionized water and dry in a gentle flow d&fiéd nitrogen
gas This cleaned surface was now ready for sudatieation step SAM method was used to activatectbaned
AT-cut quartz crystal surface [10; 11] The crystals exposed to 1xIOM methanolic solution of (ATP) and was
incubated for ~12 hrs at 4 °C [12] This incubatgave a stable and well ordered monolayer on crgstidhce The
defined modification of the crystal surface actesathe gold electrode and provides a suitable cairfar the
immobilization ofSalmonella O antiserum factor VIl The Ab; Salmonella O antiserum factor VII were attached to
the crystal surface bearing SAM of ATP through aidnding which provides specificity to the quamystal This
immobilization of Salmonella O antiserum factor V11 (dilution 1:6000 using 005 M PBS; pH72) [13; 1Hcurs in
presence of DCC and NHS (45mM/15mM) The crystajdency was then monitored initially for ~1 hour @hdn
incubated at 4 °C for 12 hours After immobilizatiohAbs on the crystal surface; the crystal waattd with 1%
BSA,; a blocking solution in PBS (pH 72) The crystads incubated for ~1 h at room temperature Ttdp stas
carried out to block the free sites thus avoiding kind of non-specific interaction This crystal svénen washed
with PBS solution (pH 72) in order to remove trac€BSA physically attached to the gold electrode Todified
crystal was then finally subjected to the suspensimntaining target analyte &typhimurium Ag for the detection
(764 units/mg of protein); diluted (1:6000) in PR 72

Preparation of Modified QCM by using AgNPs

For the biosensor development; the AT-cut quarystat sandwiched between gold electrodes on balsitles
having fundamental frequency of 9 MHz (Maxtek; US#3s modified The change in frequency as a funation
mass with respect to time was monitored by The &ebkeQuartz crystal microbalance (RQCM; Maxtek; YShe
specificity and sensitivity of the developed bicsendepends upon the way the crystal surface wafifiea In
order to develop SAM in the first step; the cleardidcut quartz crystal was subjected to 3; 3'-dithipropionic
acid (DTPA) solution In a typical experiment; theagtz crystal was merged in 1x#M solution of DTPA in
ethanol and incubated for ~12 hrs at 4 °C whichilted in a stable and well ordered SAM In the sasix® step;
the modified quartz crystal was exposed to AgNPs@Adlution in ethanol for ~12 h at 4°C The attachine
AgNPs@ATP was facilitated by the presence of DCCINE5mM/15mM) to the DTPA; SAM developed by
thiolization The antibodySalmonella O antiserum factor VII) was immobilised on NP modified gold electrode in
Phosphate Buffer Saline (PBS); pH 74 For proper dmifisation of Ab; the Abs should be incubated witie
crystal for ~12 h at 4 °C After the immobilizatiof Ab on the NP modified crystal surface; the aaystas treated
with 1% BSA,; a blocking solution in PBS (pH 74) Térgystal was incubated for ~1 h at room temperatinie step
was carried out to block the free sites thus awgidiny kind of non-specific interaction This crysteas then
washed with PBS solution (pH 74) in order to remdnazes of BSA physically attached to the gold tetele
Finally; modified crystal was exposed to the cqumsling antigen § typhimurium) diluted in PBS (74; pH) for
sensing
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RESULTS AND DISCUSSION

Optical Characterization AgNPs

The optical characterizations of silver nanopagticlvere performed with the help of double beam Usible
spectrophotometer (UV 5704) UV-Visible absorptiqgrestra has provided the information about silveltoad
because silver nanoparticles exhibit an intenserpbien peak due to surface plasmon excitatiorhefdonduction
electrons The AgNPs was synthesized by citratdhaoeaind absorption was observed under UV ranger3@0n
600nm

In Figure-2; a characteristic plasmon peak at ~d20indicates the existence of NPs in the system plagmon
peak and full-width of half maximum depends on plagticle size As the particles were functionaliteere was a
shift observed in the plasmon peak and an increase observed at ~416 nm which clearly demonstréted
presence of silver nanoparticles AQNPsS@ATP Moreawerbvious change in the peak position was oleskafter
thirty days

Absorption Spectra for Bare AgNPs
0.7

0.6

/—\ (a) As produced
0.5

/ \ (b) After 30 days
0.4

N/ N\

Absorbance

300 325 350 375 400 425 450 475 500 525 550 575 600
Wavelength (in nm)

Figure 2 Analysis of bare AgNPs and AgNps coupled &avo time periods

(i)

Figure-3(i) TEM micrograph of the silver nanoparticles functionalized withp-aminothiophenol at lower magnification (ie as indiated
X3000C) (i) TEM micrograph of the silver nanoparticles functionalized withp-aminothiophenol at higher magnification (ie as indtated
X5000C)
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Characterization of AgNps by Transmission ElectrorMicroscopy (TEM)

Transmission Electron Microscopy (TEM; JEOL; Japarsfrument was used for characterization of AgNpe
liquid sample of nanoparticles was used to charaeté-igure 3(i) & 3(ii); depicted TEM micrograplo$ the silver
nanoparticles functionalized witraminothiophenol.

The TEM images demonstrated that the size of thersgal AQNPs was ~50nm diameter which was appatgifor
our study A shining boundary was also observethatNP surface; due to adsorption of fhaminothiophenol to
NP surface The use of AgNPs@ATP led to the advastag developing physical attractions (dipole-dgol
interaction/charge interaction) in between antibedas well as negatively charged gold electrode tduthe
exposure of —COOH group of 3; 3'-dithiodipropionécid perpendicular to the surface In addition tés;th
functionalization step had led to prevention in Nigglomeration due to steric forces (Figure 4) #esamino group
lied perpendicular to the nanoparticles surfacegmawvelope was developed around the nanoparticle avipartial
positive charge The repulsion force developed dwsame charge in between the two nanoparticleshafetped to
kept them apart
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Figure 4 Repulsive force developed between functiahNPs imparted by —NH group
110
100 AINPs
| . oA P
. -\V{\f
o) Y /
80+
ﬁ 70
= ]
2 80+
@ J
40
30
20+
T T T T T T T T T T T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000 4500
Wavenumber (cm?)

Figure 5 FTIR spectra for AJNPs@ATP; showing peak 6750 cm*

172
www.scholar sresear chlibrary.com



Shashank Pandeyt al Der Pharma Chemica, 2014, 6 (2):167-176

Fourier Transform Infrared Spectroscopy (FTIR)

The synthesized AQNPs@ATP in toluene was also ctexriaed with FTIR spectroscopy (Figure 5) The magaks

in the FTIR spectra for AGNPs confirm their existerThe peak at 750 ¢hrepresents the substituted benzene ring
The peaks in the range 1450-1500"cmere for aromatic C=C bond The peak at about 1680 showed the
presence of the primary amino group The infrarettdbaof thiol were usually medium to weak intengigcause of
small dipole moments of S-H bond The only usefdugr wavenumber for thiol is the S-H stretching ation;
which was found at 2590-2560 ¢nd\bsence of a peak at ~2550 tmonfirmed the absence of free S-H from the
free thiol and peak at about 3025 trould be perhaps attributed to the thiolization

Frequency change during biosensor development for S, ovpliimurium
5009800
Crystalirequency after incubation,
so00600 | BareCrystal washing &drying
5009400 After BSA blocking
Methanol Base Line
§ 5009200
5 5009000
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T 5008800
& - aminothiophenol SANM
2 5008600
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5008400
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- S typlrimurinm
S008000
1 21 a1 61 81 101 121 141 161 181 201
B Fime (in min)
S009600
5009500
B £009400
T 5009300
z
<
5 Q>
= 009200
S000100
5009000 Ner
Bare crystal After ATP SAM S‘a!maucua O antiserum B‘w\ Block!ng
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Figure 6 (A) Biosensor development using QCM for té detection ofS typhimurium (B) Bar graph for the average frequency monitored
after each step in dry state

Detection of Styphimurium using basic QCM device

The initial step in the development of QCM basednimosensor was to achieve a thiolated crystal sarrfa
Thiolization not only led to surface activation batso modification in favour of antibody immobilizan
Attachment of ATP molecules decreased the aversgguéncy of bare quartz crystal (500954659 Hz) The
modification was done by using ATP because thiougrshowed greater affinity towards the gold armbrd; the
developing SAM film activates the gold electrodedogviding partial positive charge to crystal sadfas the —NH

lies perpendicular to the surface This partial fiesicharged surface was a better site for antibodyobilization
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Development of the SAM on gold electrode led tordase in the frequency Average frequency monitafeer
ATP modification was about 500949251Hz (Figure-6A)

This ATP modified crystal was exposedSamonella O antiserum factor VII (diluted in PBS; pH 72); in order to
make the biosensor surface specific typhimurium Activation by coupling agents (DCC/NHS) was showwn
enhance the stability of the coating and facilitdte formation of a suitable intermediate to corsgeantibodies
reproducibly and densely at the SAM; leading tchhégnsitivity and good precision of the developethiinosensor
The average frequency of the crystal after incolpatvith Salmonella O antiserum factor VII for ~12h at 4°C is
recorded and found 50092886 Hz

The immobilization of antibody on ATP modified ctgkleft some active sites and crystal surface freese free
sites and surface area was available for foreiglecute and/or for target entity This led to falsgnsling due to
attachment o&typhimurium directly to crystal surface/free sites This fadggning could be minimized by blocking
the free sites with 1% BSA The average frequenayrygdtal after this modification was 500920737 HeTverage
frequency after each step can be summarized igrdgghical form as shown below in (Figure-6B)

Total decrease in frequency after SAM developmaéitit vespect to bare crystal was 5408 Hz The frequeshift
after Salmonella O antiserum factor VIl immobilization with respect to bare crystal is @63z This shift is 8123
Hz after blocking of free sites with BSA compareithsAb modified crystal.

For the detection db typhimurium; the quartz crystal modified witBalmonella O antiserum factor VII is exposed
to Styphimurium suspension (target molecule) diluted (1:6000) irsPBH 72; initially a small change in frequency
was observed Initially a small response rate waeted perhaps due to initiation of binding prodassafter ~5
min frequency decreases sharply and ultimatelgathed to a minimum value This decrease in frequdiectly
infers the attachment @& typhimurium to the crystal surface In this way; an immunosemg@instS typhimurium
was developed by usin§almonella O antiserum factor VII immobilized on quartz surface through SAM of p-
aminothiophenol

Detection of S typhimurium by modified QCM with AgNP

The process of biosensor development starts witlrtzicrystal surface modification with DTPA Thisatks to a
SAM on the gold electrode This SAM film activatée tgold electrode by developing the partial negativarge on

its surface as the —COOH lies perpendicular tcstlréace The modification was done by using DTPAabse thiol
showed the greater affinity towards the gold anzbsdly; the partial negatively charged surface; tueCOOH
groups; also provides better site for partial pesiy charged (AgNPs@ATP) Development of the SAMgwoid
electrode leads to decrease in the frequency Aeedagrease inf is about 4426 Hz This decrease in frequency
with respect to the mass was plotted with the b&QCM (Figure-1T—>—line curve)

When AgNPs@ATP was applied to the modified goldtetele with DTPA; there was an attraction forceeleped
due to greater affinity of the partially negativeacged —COOH group towards the partially positivaigrged —Nkl
group Such attraction helped silver nanoparticbebdld on the gold surface The modification of AgNBy ATP
developed a stable and passive layer about nam@pasgurface; which prevents their oxidation duritige
experiment

During the course of the attachment of functioralisAgNPs to the thiol modified quartz crystal; arerage
decrease inf is 6690 Hz noticedt{_— line curve; Figure-7) Immiadsition of silver nanoparticles provides a
larger surface area along with a partial positivefexce This partially positively charged surfaceoaprovided a
better site for partially negative charged antibdalythe attachment to the surface This NP modifiegstal was
exposed to PBS buffer solution containi@gmonella O antiserum factor VII Ab; in order to make the biosensor
surface specific fofs typhimurium antigen The average frequency change of about 823 recorded (—X —
curve; Figure-7)

Figure 7 shows decrease in the frequency as aidinot mass with respect to time for a number epstmonitored
by using QCM During Ab-Ag interaction study; itadserved that initially there was a small changafias there
was initiation of binding process but after sonmeiAf decreases sharply and ultimately it reached toramum
value (—/Yx— curve) when almost all the binding sites @ecupied by correspondir typhimurium Ag The
average decrease Afi is 61523Hz When the crystal was exposed to agwmplementary antigen; it was noted that
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there was no appreciable decrease inAhas the non-specific antigen was unable to binith Wie Salmonella Ab
(—O—curve) Only about 373 Hz change was observethdthis interaction which was negligible as conggaio
interaction betweeBalmonella antibody with correspondingalmonella antigen Thereby; confirming the specificity
of antibody along with the specificity of developetmunosensor

Monitoring of change m Af (in Hz) with respect to time (in min) using
Quartz Crystal Microbalance (QCM)

.“;-x . 'l‘-‘l‘:'=
-200 ke S
Y—M\\ ——DTPA attachment
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£ —— Antibody Immobilization
T 600
§ —a— Ag-Ab interaction
o
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s 00 Non specific Bonding
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-1200 ¥
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Figure-7 Monitoring of change in delta frequency umg QCM for a number of steps: Curve shown by the ﬁ represents the strong

interaction in betweenSalmonella O antiserum factor V11 and its corresponding Ag ieS Typhimurium Whereas 0 curve clearly
shows non specific bonding

CONCLUSION

The study demonstrates that QCM based nanoimmusaseauld be modified using nanoparticles and canded
for the detection o8 typhimurium Antibodies specific t& typhimurium (Salmonella O antiserum factor VII) were
immobilized onto a self assembled monolayer anddrisorwas developed on thiolated quartz crystal surface f
the detection ofS typhimurium The developed methodologies were effective; seteand reproducible for the
detection of S typhimurium Future plan of this study is to develop a clinidalal for assessing the
sensitivity/specificity of the technique and resudtill be compared with traditional techniques |ikelSA The data
presented and methodology developed is of immeatenal for regulatory authorities along with atleencerned
scientists and organizations These methodologigsbwaaused for the detection of other pathogensppyapriate
functionalization and may be used for the analysesrious national and international laboratofié®se types of
biosensors can be studied not only for bacteritdai®n but should be initiated for other chemidedection as well
thereby highlighting the need of further researaknin this area Advancement in nano-biosensorédcoea step
forward towards development of potable point okadevices
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