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ABSTRACT

Herein, a novel ultrasensitive strategy has be&eldped by designing a label free
fluorescent nano-aptasensor for monitoring of smalécules in human plasma. In
this nano-aptasensor, graphitic carbon nitride sheets were used as fluorescent
probe. The fluorescence intensity of the probe wasreased by interaction
between graphitic carbon nitride nanosheets ancel-fade aptamer/gold
nanoparticles conjugate, via Fluorescence resonanesyy transfer mechanism.
Upon addition of the analyte, the fluorescence o&pgitic carbon nitride
nanosheets was restored due to the aptamer/amdbtaction, and the aggregation
of gold nanoparticles in the presence of salt. iffleence of various factors on
sensing method was investigated, and under theowggr conditions, the
fluorescence signal showed a linear relation wiigo®in concentration in the
range of 10-500 ng L with limit of detection down to 3.2 ng'Lrelative standard
deviations for 25, 100 and 500 ng bf analyte concentrations were 2.6, 4.0 and
6.5%, respectively. This strategy provided a simpbpid, cost effective and
reproducible experimental model, with successfuylliaption for determination of
Digoxin in plasma samples without any pretreatnséeps.

Keywords: Aptamer; Gold nanoparticles; Graphitic carbon dérinanosheets;

Biosensor; Digoxin.



1. Introduction

Aptamers as atrtificial single-stranded nucleic agigls-DNAS) are the emerging
class of ligands which have been known as altarmati antibodies. Aptamers can
be easily tagged with the variety of functionalupws, dyes and biomolecules, and
unlike antibodies, they do not lose their activitin addition, minimum
iImmunogenicity, low production cost, small sizeerthhal stability and chemical
robustness are the other advantages of aptameosnparison to antibodies. They
can fold into the secondary structures and bindewain targets such asnall
molecules, proteins, nucleic acids, and even emlés with high affinity and
specificity via non-covalent binding. Upon binditg its target,conformation of
ss-DNA often changes into stem-loop, hairpin, Getyjuplex, pseudoknot or bulge
structures [1-3]. These unique features of ss-Diake them the ideal candidate
for sensing applications and therefore, a numberapfasensors have been
developed for detection of various analytes usimgcsofluorimetry [4-6],
colorimetry [7, 8], and electrochemical methodslLg- Recently Aptamer-based
nanosensors are becoming a promising alternatigertomon sensors for detection

of small molecule.

Ultrathin graphitic carbon nitride nanosheets @NS) (Fig. S1) are relatively
new class of fluorescent carbon-based nanomatenhish have recently attracted
great attention due to their excellent featuretuting highfluorescence quantum
yield and biocompatibility, chemical inertness, low cgtatity and cost, and water
solubility. These nanosheets are simply synthedigeexfoliating bulk g-GN4 in
water without the need for further treatments sastoxidation. Although bulk g-

CsNy is fluorescent, 2D g-Bl;NS show enhanced photoresponse with respect to



bulk material. Benefiting from these nanomaterials, proposed the systems for
the analysis of some analytes [13, T@je intrinsic blue fluorescence emission of
g-CG3N4 under UV light has also been used for developieny detection methods
for a number of analytes [15-18]. On the other hand well known that ss-DNAs
can easily adsorb on the surface of #4§DNS and bind viar-r stacking and
hydrophobic interactions [19]. Interaction betwessaDNAs andg-C;N4NS has

shown great potential in various analytical appiass [20, 21, 15, 22].

Gold nanoparticles (AuNPs) are widely used as apsiensors due to their surface
plasmon resonance property. AuNPs with ruby reldrcocan strongly absorb
green light at about 520 nm, related to the fregueat which a plasmon
resonance takes place [23ntense colors and UV-Vis spectrum of these
nanoparticles are dependent on their shape, simdecttic properties, and
interactions between the nanoparticles and theiramment [24]. Today, it is well
known that the level of particle separation carerathe optical properties of
AuNPs. Also, it has been found that bare nanopesticmmediately aggregate after
addition of salt (0.1 mol £ NaCl) in the colloidal suspension and their car
changed to purple. However, in the presence of M&-D(without any
modification), AuNPs are stabilized against safiticed aggregation via
adsorption of nucleic acid sequences on negatigebrged nanoparticles. This
phenomenomlepends on temperature and DNA sequence lengtmauotange is
observed in the color of DNA-functionalized nandjzées up to 2.5 mol L of
NaCl [23, 25, 26, 27]. Recently, ss-DNA functiozeli AuNPs have been
employed in a number of molecular recognition mopiewiding new sensors for
specific and sensitive detection of proteins, naaeids, metal ions, small organic

molecules, or even cells [1, 26, 27-30].



Fluorescence resonance energy transfer (FRET)awrkras nonradiative energy
transfer between a “FRET pair” (emitter and absQrihen emitter-absorber pair
Is properly oriented and luminescence spectrunhefemitter is overlapped with
the absorption spectrum of the absorber, this posan be occurred and
therefore, the luminescence of the emitter is goedc In the last decade, this
phenomena has been extensively used as a biosdosirand a large number of
nanomaterial/aptamer based FRET methodologies éas teveloped owing to
their easy operation, less expense and suitalidityon-site detection [31]. It is

well documented that AuNPs act as the energy agcepth the high energy

transfer rate from energy donors such as dyes amhtgm dots, leading to

luminescence quenching of these emitters in FRETerys [32-34].

Digoxin (DGX) as a cardiac glycoside-type drughe tmost commonly used to
treat heart failure and certain cardiac arrhythmi{&gy. S2). This drug is
characterized by a narrow therapeutic range (tjlpick-2 pg L in serum)
showing serious side effects in concentrations at®® pg L. Thus, selective
and sensitive detection of digoxin and control ©f goncentration level in the
serum sample is very important. According to therdture, a few studies have
been accomplished in developing aptamer-based rsefosaletection of DGX [35-
37].

In this work a fast, simple, highly selective, sswhsitive strategy for detection of
small molecules based on fluorescence quenchingy-GEN,NS by DNA-

functionalized AuNPs has been introduced for tinst fime. This nano-sensor is
used for direct detection of digoxin as a model enole, in human plasma

samples.

2. Experimental



2.1. Materials

DGX aptamer with the sequence of 5- AGCGAGGGCGGTGAEBCA
GCGGTTTTTTCACGAGGAGGTTGGCGGTGG-3 was supplied bykdpouzist
Company (Tehran, Iran). All solutions were prepawsing deionized water.
Melamine was supplied by Samchun Chemicals CompBx@X was obtained
from Sigma—Aldrich and a stock solution of 100 mg was prepared by
dissolving 0.01 g of DGX in 8 mL ethanol and dihgito 100 mL in a volumetric
flask with deionized water. More diluted solutionsre daily prepared using this
stock solution. HAuGl 3H,0O and tri-sodium citrate were purchased from Merck
(Darmstadt, Germany).

2.2. Instrumentation

Fluorescence spectra and intensities of the samy#es recorded using a Termo
SCIENTIFIC-LUMINA (America) fluorescence spectroraetA Shimadzu model
UV-1650PC UV/Visible spectrophotometer (Japan) eamployed for the UV-Vis
spectrum of g-egN4sNS and AuNPs spectra. The Fourier transform inftdFET IR)
spectra were obtained on a Bruker spectrometer dmddnsor 27, Germany)
Transmission electron microscopy (TEM) images & #amples were collected
using an EM208S (PHILIPS) instrument. The atomiccéomicroscopy (AFM)
image of g-GN4NS was obtained using a Nanowizard Il instrumergr(@ny).
Dynamic Light Scattering (DLS) analysis was useddtermine the particle sizes
of AuNPs and aptamer/AuNPs using Qudix, Scatteqmscb system (Korea)
instrument. The bulk g-Bl; was liquid exfoliated using an ultrasonic bathn{&]
Germany). The pH values were adjusted with a Metrgi-meter model E520
(Switzerland).

2.3. Preparation of g-C3N4 NS



The bulk graphitic carbon nitride (gsi8;) was prepared by polymerization of
melamine in the semi-closed system as reportedauiqus work [13] . In brief,
melamine was heated at 600 °C for 4 h under aiditon with a ramp rate of
about 3 °C/min for the heating process in a pomcetaucible. The obtained light
yellow product was bulk g-{8l,. Nanosheets of g1, were prepared by a liquid
exfoliating method. 50 mg of bulk gi8,; powder was dispersed in 50 mL of
deionized water, and the mixture was sonicatedLéh. After creating a yellow
suspension, the produced suspension was centrifaigb@00 rpm for 10 min to
remove the residual un-exfoliated gNz or large-sized nanosheets (Fig. 1A).
TEM, IR, and AFM techniques were used to identihe tcomposition and

morphology of the synthesized gMNGNS.
Position of Fig. 1
2.4. Synthesisof AUNPs

For synthesizing the gold nanoparticles with a ifeabout 20 nm, trisodium
citrate was used as the reducing agent for thectiesiuof HAuCl. Briefly, 100
mL of HAUCI, solution (0.25 mmol L) was heated to boiling and then, 3 mL of a
1% trisodium citrate solution was added quickly.teAf5 minutes, the color
changed from pale yellow to gray and finally chahde deep red. Then, the
solution was stirred to room temperature for 10 @il stored in refrigerator at
4°C (Fig. 1B). The concentration of the synthesimadoparticles was 2 nmol'L
[24]. In this method colloidal AUNPs are stabilizegithe adsorption of citrate ions
on their surface. The citrate capped AuNPs prebagtt stability and optical
sensitivity [38].

2.5.  Fluorimetric sensing procedure of DGX



Firstly, 200 pL of as prepared AuNPs were mixechv2Z® pL DGX aptamer (0.8
umol LY solution and stirred for 5 min. Then the mixtweas added into the
solution consist of 200 pL of gzf8,NS and 100 pL of NaCl solutions and stirred
for another 5 min. Then, the solution was dilutga to 1.5 mL, and the
fluorescence intensities of the solution were réedrin the absence and presence
of successive concentrations of DGX after 5 mire Tlhorescence spectrum of the
g-GN4NS was obtained within the wavelength region frod® 30 600 nm. The
excitation and maximum emission wavelengths wefe&@8®1 445 nm, respectively
[14]. The fluorescence intensity of blank soluticontaining g-GN4NS, aptamer
and AuNPs (f) was obtained and the analytical data were gatheased on the
difference between the fluorescence intensitiethefsample solution containing
DGX (F) and blank solution (Fy). All the obtained data were the averages of
three assays. A schematic presentation of the tealyprotocol is illustrated in
Fig. 1C.

2.6. Real human plasma samples

The plasma samples were supplied by Blood Trarmfusrganization (Ahvaz,
Iran). 30 pL of each human plasma sample spiked MEX standard solution at
the desired concentration and subjected to themoggd method without any

preparation or treatment step.

3. Resultsand discussion

3.1. Principle of detection: on-off-on mechanismin sensing probe

AuNPs and g-eN4sNS were used to direct determination of small makes with

the change of the relative fluorescence intenditthe system. After addition of
DGX aptamer into the AuNPs suspension, the aptassorbs efficiently on
citrate-coated AuNPs. This phenomenon can proteet AUNPs against salt-



induced aggregation [25]. On the other side, itwsll known that inherent
fluorescence of g-BI,NS via electronic transition between n-nonbonding
(HOMO) and p-anti-bonding orbitals (LUMO) is attited to the spbonded €N

in conjugated tri-s-triazine rings [39, 40]. As rtiened previously, g-€N4sNS
exhibit a single peak fluorescence spectrum with fleximum intensity at 450
nm. By adding the aptamer/AuNPs conjugate into s§,8S suspension
(containing appropriate amount of NaCl), the flemence intensity decreases due
to the close interaction between gNGgNS and AuNPs via FRET mechanism [32].
In the other word, a sufficient overlap is occurteetween the surface plasmon
resonance spectrum of AuNPs and the emission sipecit g-GN4;NS and hence,
guenching interaction is observed (Fig. 2) [41,. 3pwever, upon addition of
DGX into the solution, the fluorescence of gNGNS is recovered because of the
aptamer/DGX binding and AuNPs aggregation in thes@nce of salt. Besides,
reversibility of aptamer/AuNPs and AuNPs/gNGNS bindings is revealed in the
restoration of fluorescence intensity of gNgNS by DGX.

Position of Fig. 2
3.2. Characterization

The data obtained from particle size analyzer (Déf®)wed that the most probable
diameters of AuNPs and aptamer functionalized Aullifegsabout 20 and 90 nm,
respectively (Fig. S3). TEM micrographs of AuNPsthe presence of NaCl and
aptamer with NaCl are shown in Fig. 3A. As seem, dbtained results, besides
confirming the DLS results concerning the partisiege of AuNPs, show the
phenomenon of salt induced aggregation of AuNP&enpresence of NaCl (Fig.
3A, image a), and their protection against thisnoimeenon in the presence of
aptamer and NaCl (Fig. 3A, image b). Moreover, laam in Fig. 3B, the TEM



and AFM images of g-{Dl;NS reveal its planer shape with a thickness of raaddt
nm and a size of about 100 nm. The FTIR spectra wktained for AUNPs, DGX
aptamer, aptamer/AuNPs conjogate, and aptamer/AlgNEBI;NS mixture, as
shown in Fig. 3C. FTIR spectrum of AuNPs (Fig. 3Pgectrum a) features the
characteristic peaks at 618, 841, 1078, 1396, 887 The peaks at 1396 ¢m
and 1587 cm are attributed to carboxylate symmetric and asytrimstretching
bands of carboxylate group (COGn citrate ions, respectively. Besides, the peaks
belonging to C-O stretching and C—H out of plarf@ations bands of citrate ion
are appeared at about 1078cand 841 cim [38]. The peaks below 800 cnare
related to Au vibrational mode. The frequenciesvisirational modes involving
motions of heavy atoms are in this region [42]. R Bpectrum of DGX aptamer
(Fig. 3C, spectrum b) includes the peaks betwed@®-3B00 crit which can be
related to the stretching vibrations of —OH and Njrbup. In this spectrum the
peaks between 1500-1650 ¢nare attributed to C=0O band and heterocyclic
moieties of nucleotide units of ss-DNA structure][4Furthermore, the peaks
below 1000 cri are assigned to the vibrations of the phosphatepgr of aptamer
[42]. FTIR spectrum of g-BIsNS presents a sharp and intense absorption band at
806 cm' attributed to the vibration of triazine rings. Bkss, it shows some peaks
in the region from 1235 to 1645 tnas well as 3071 to 3284 Enoriginated from
typical stretching modes of either trigonal C-N~C)r bridging C-NH-C, and N-

H and O-H stretching bands, respectively [38, 48). FTIR spectra of
aptamer/AuNPs and aptamer/AuNPsHNENS (Fig. 3C, spectra ¢ and d)
represent the expected peaks and the overlappias e observed with slight
shifts.

Position of Fig. 3

3.3. Optimization of biosensing conditions



To obtain the best working conditions for the ndaosénsor, the influencing
parameters such as concentration of NaCl, aptamBi?P& molar ratio, pH,
amount of g-GN4Ns, and incubation times for aptamer/AuNPs andna@tdDGX

interactions were optimized. All the presented digtathis section were the
averages of three determinations. It is notewotttlay the effects of the mentioned
parameters on the nanoprobe performance, includmgcentration of NaCl,
aptamer/AuNPs molar ratio, and pH were investigaigdspectrophotometric

determinations of the solution absorbance=&25 nm.

The optimization procedure to determine the besCINaoncentration was
performed by introducing various volumes of thd salution in the range of 20-
200 pL into the 65@QiL solution containing 200 pL of as prepared AuN®Pamol
LY. The best value of NaCl concentration for maximaggregation effect was
obtained by adding 100 pL of NaCl (100 umot)Lsolution, and at the higher
volumes further decrease was not observed in atsogbof AuNPs in 525 nm
(Fig. S4) [23].

To check the aptamer/AuNPs molar ratio influence tire nanobiosensor
efficiency, 650 pL of the solutions containingfdient molar ratios (between 20
and 100) were prepared by mixing various volumeg.8fumol L* aptamer (10-50
uL) and 200 pL AuNPs (2 nmol) in the presence of NaCl (100 pL of 100 umol
LY. It was seen that the increase in aptamer/Aukd®, enhances the
absorbance of the solution according to the sunid&@&mon resonance property of
AuNPs (Fig. S5). The absorbance reaches its maxiwaloe, and then levels off
at the ratio equal to 40 (20 pL) revealing the gotson of aptameon the surface
of AuNPs and the protection of the nanoparticlesregi salt aggregation [25].



It was found that pH of solution can effectivelyflimnce on assembly or
disassembly process of aptamer with the target. [2Ble effect of pH on
aptamer/DGX assembly and therefore, its influenteait induced aggregation of
AuNPs was investigated in the following conditioAstNPs, 20QuL; aptamer, 20
uL of 0.8 umol *; NaCl, 100 pL of 100 pmol t; DGX concentration, 1 pgt,
and pH range of 3 to 8 with the final volume of §B0. In pHs between 3 and 5,
the high absorbance reveal that there is the midirdtya between aptamer and
AuNPs in this region which prevent nanoparticlemnfrsalt induced aggregation
(Fig. S6). In lower and higher pHs, a considerabhtiuction in the absorbance of
AuNPs is observed, indicating a decrease in thanagt affinity to AUNPs or an
increase in strength of aptamer/DGX binding. Thppeal AUNPs by negatively
charged citrate ions exhibit an electrostatic learfor adsorbing aptamers with
negative charges. Citric acid gKare 3.1, 4.8 and 6.4. In moderate acidic pHs (3-
5), the citrate ions on the surface of AUNPs actgmated and the charge repulsion
among the negatively charged aptamer and AuNPscesdwhich facilitates the
aptamer adsorption. This nonionic nature of aptaat=orption on AuNPs and
existence of specific interaction between ss-DNAl &AuNPs are proved by
previous studies [46]. In addition, in another gtudwas reported that aptamer
affinity to the target decreased in pH about 5, the aptamer showed a 100-fold
increase in affinity at pH around 7 [4Nloreover, it is possible that in the highly
acidic solution (pH3), the repulsion forces increase due to the projake by
the aptamer phosphate (basic moieties) and AuNpgalBng these observations
and evidences together, it can be concluded tleaatimity between the aptamer
and AuNPs is relatively poor in the pHs lower tharand higher than 5 and
conversely, the binding between aptamer and tasgaronger [23]. In the other
words, the binding of aptamer to target is mucbhrger than AuNPs in pH about

7, thus the equilibrium is shifted to the targetsho state in the presence of DGX



[48]. From these findings, it can be suggested thatbinding affinity between
DGX and its aptamer is strongly pH-dependent [47].

To achieve the best amount of gNGNS and reaction times, fluorescence of the
test solutions was detected by spectrofluorimetryhie excitation and emission
wavelengths of 320 and 455 nm, respectively. THecefof the amount of g-
C:N4NS on the apta-biosensor performance was studieddojtion of various
volumes of the nanosheets (50-300 uL) into the $amsplutions. The best
condition was considered as the maximum differdreteveen the fluorescence of
g-GN4NS in the absence and presence of aptamer/AuNPBl@@t The data was
obtained from the difference between the fluoreseantensities of the solutions
containing g-GN4NS in the absence {fFand presence (F) of aptamer/AuNPs and
NaCl (R-F). The obtained results indicated that with 2Q0ofithe nanosheets, the

highest fluorescence quenching was observed &iy.

In this work, reaction times, refer to the incubattimes for interactions between
aptamer and AuNPs, as well as between aptamer &Xl Benerally, it is most
desirable to employ the shortest time in an aradl/fprocedure indicating method
performanceTherefore, the time-dependent fluorescence chamgas addition of
aptamer/AuNPs conjugate (which was prepared avdhnieus incubation times in
the range of 1-20 min) into gs84NS and NaCl solution were detected (Fig. S8).
In this experimental set, the reaction reachedh® gquilibrium in 3 min, and
higher incubation times did not show considerableprovement on the
fluorescence of the solution. Also, the fluoreseerahanges of the solution
containing aptamer/AuNPs/gsi ;NS and NaCl after addition of DGX were
determined in the range of 1 to 20 min under optmaonditions (Fig. S9). In this

experiments, the reaction reached to the equihbbrim 5 min. According to the



results, one can conclude that the kinetics of rbactions is fast and the
equilibrium condition for the aptamer folding preses is obtained in a short time.

3.4. Analytical performance of the biosensor

To evaluate the analytical performance of the psedddiosensor, some figures of
merit including linear dynamic range (LDR) of cafiion curves (external and in
plasma as real sample), LOD (limit of detectionDQ (limit of quantitation),
precision, and accuracy were investigated undelimgmd conditions. As
illustrated in Fig. 4, with the increase of DGX centrations at ten selected levels
(10-500 ng [Y), the fluorescence intensity of the sample sofutiader optimized
conditions as well as the term kWas linearly increased (Fig. 4, inset b). Inset a
in Fig. 4 illustraes the photographs of gNgNS under day-light and UV light.

In this work, 3 and 10 times the standard deviatmrthe blank, divided by slope

of external calibration graph (3 and 10 Sb/m) wesed to calculate LOD and
LOQ, respectively. The analytical features of thethmod including equations for
the external and in real sample standard curveéd,.®D, and LOQ are presented
in Table 1. The RSD % for 25, 100, and 500 iy Wwere 2.6, 4.0, and 6.5%,
respectively. Compared to the other existing DGXtasgnsors, this
aptamer/AuNPs/g-BI;,NS based nano-bioprobe requires no multistep and
complicated procedure and, is quite rapid and efisttive process. Moreover, as
seen in Table 2, the analytical parameters of teegmt sensor are comparable or

better than the other previously reported DGX agtasrs.
Position of Fig. 4
Position of Table 1

Position of Table 2



3.5, SHectivity study

Selectivity study is one of the most important stép evaluating the practical
application of the sensor. For this purpose, thkecseity of the designed
aptasensor in the presence of some substancesasudrious heavy metals and
common coexisting drugs was examined due to thesiple existence in human
plasma. The tolerance limit for interference effa@ctanalytical response was
considered as the concentration of the substanm#hwhuses + 5 relative error. As
seen in Fig. 5, no interfering effects were obsgrire 700ug L™ concentration
levels of the added substances.

Position of Fig. 5
3.6. Application of the method to the real samples

To check the applicability of the developed flumesce biosensor for DGX
analysis in real matrices, the plasma samples walgected to the proposed
method. At first, the matrix matched standard cumeeng solutions containing
plasma sample fortified for all levels of the ext@r calibration graph was
constructed in order to achieve the more accuestglts and eliminate the possible
matrix effects. Then, its figures of merit were gared with that of the external
standard curve which was obtained with standarditisols. These data are
presented in Table 1. As seen, their slopes amyneansistent, and indicate that
the sample matrix had no serious influence on thesemsor response.
Furthermore, the uniformity of their LDRs, LODs,dabhOQs also indicates that
the matrix has no significant effect on biosenserfgrmance. Therefore, the
external calibration curve was used to examineatteiracy and reliability of the
method via recovery data. Hence, DGX at three aunagon levels namely 25,
100, and 500 ng t was added into the plasma real samples, and amhlyz



according to the optimized analytical procedur@aHly, the concentrations of the
spiked analyte were interpolated from the extegaibration curve. As can be
seen from Table 3, the obtained recoveries fronsfiiked plasma samples are in
the acceptable range of 89.2-108.8 % indicatingdgaexuracy of the method and
successful applicability of the biosensor for plasmeamples without any

pretreatment procedure.

Position of Table 3
4. Conclusion

In this work, a novel aptabiosensor on the basiBRET phenomenon among g-
C3:N4NS and AuNPs has been fabricated for ultra-semesdtermination of small
moecules such as DGX (as model molecule) in hurtesna samples without any
pretreatment step. The fabricated nanobiosensavesh@ome appealing features
such as high selectivity, simplicity, low cost, ghassay time, wide dynamic linear
range and compatibility with the green chemistryheTlinear range of the
calibration curve fulfills the requirement for measment of DGX in narrow
therapeutic range. Moreover, the significant berwfiaptamer/AuNPs/g-Bl,CN
nanoprobe is that with the aid of this probe one @etermine very low levels of
DGX in plasma without any time consuming extraction preconcentration
procedures. In view of the aforementioned bendtis,developed aptasensor may
provide a promising florescence strategy for thdemmeination of DGX in
biological environments for diagnostic purposesradical treatment as well as

bioavailability and pharmacokinetic studies.
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Caption to thefigures:

Fig. 1: Graphical illustration for A) synthesis gtCN4NS, B) fabrication of
AuNPs, and C) analytical protocol for aptamer/AulFS:N;NS sensor in
determination of DGX.

Fig. 2: (A) The overlap between fluorescence spetctof g-GN4sNS (a) and
absorbance spectrum of AuNPs (b), and (B) the ésmence spectra of glLNS
(100 uL) in the solution consist of aptamer/AuNsjagate, in the absence (a)
and presence (b) of DGX (500 ng)L

Fig. 3: (A): TEM images of a) AuNPs in NaCl 100 mel L™, b) aptamer/AuNPs
in NaCl 100 pmol [}, (B): a) TEM image of g-@\N,NS and, b) AFM image of g-
CsN4NS (inset image shows the height of the nanoshd€x)FTIR spectra of a)
AuNPs, b) DGX aptamer, c) aptamer/AuNPs, andpddmer/AuNPs/g-BI;NS.

Fig. 4: The recovered fluorescence spectra oS in the presence of DGX
(10-500 ng ). Inset (a)the photographs of g-84NS under day-light (left) and
UV light (right), and inset (b): the plot of RyFor the standard solutions versus
various DGX concentrations (10-500 ng)LCondition: AuNPs: 200 pL, aptamer:
20 pL of 0.8 umol [}, NaCl: 100 pL of 100 umolt, pH: 7, g-GN4NS volume:
200 pL, incubation time in each step: 5 min.

Fig. 5: selectivity study under the optimal cormh towards some possible

interfering species (cation and drug concentrati@f® pg L.



Tablel

Analytical featuresfor determination of DGX by the current aptasensor.

Standard curve  LOD (ngl) LOQ (ng LY LDR (ng LY R Regression equatior

External 3.2 10 10 - 500 0.9993 y=8.94x+ 292.09

In plasma 4.3 10 10 - 500 0.9991 y=9.20x +447.8




Table?2

Performance comparison of aptamer/AuNPs/g-C3N4NS based nano-bioprobe with other reported aptasensorsin DGX

detection.

Method Matrices LDR LOD References
Colorimetric aptasensor based on AuNPs Rat serum 0-30 (nM) 571 (pM) [35]
Fluorescence quenching based on fluorescent Rat serum 0-30 (nM) 392 (pM) [35]
labeled-aptamer

Fluorescent labeled-aptasensor based on silica  Rat serum 0-60 (nM) 566 (pM) [36]
nanoparticles coated with streptavidin

Fluorescent aptasensors based on reduced Human plasma and 99.5-540 (pM) 29.87(pM) [37]
graphen quantum dots (rGODs) urine

Fluorescent labeled-aptasensors based on Human plasma and 26.5-680 (pM) 7.95 (pM) [37]
rGODs and carbon nano tubes urine

Electrochemical aptasensor Human plasma 1-100 (pM) 0.3 (pM) [49]
Electrochemical aptasensor Human plasma 1-100 (pM) 0.05 (pM) [50]
Fluorescent label-free aptasensors based cn  Human plasma 12.8-640.7 (pK1) 4.1 (pM)® Present work

AuNPs and g-C3N4NS

410-500 (ng )
3.2 (ng )



Table :
DGX detection in human plasma by aptamer/AuNPsf§s8S nanofluoroprobé

Sample Added (ngt)® Found (ng [}) © Recovery (%)
Plasma 1 25 27.2+1%7 108.8
10C 105.045.: 105.(
50C 505.4+8.! 101.7
Plasma 2 25 26.5+1.2 106.0
10C 94.8+4.¢ 94.¢
50C 487.1+10.! 97.¢
Plasma 3 25 22.3+1.9 89.2
10C 99.145.( 99.1
50C 513.5+#11. 102.7
Plasma 4 25 23.7£1.7 94.8
10C 102.5+4.! 102.t
50C 480.019.¢ 96.(
Plasma 5 25 26.2+1.5 104.8
10C 96.8+4.. 96.¢
50C 510.619.: 102.1

@30 pL of human plasma was used in the optimizeti/acal method.
®Spiked concentrations of DGX (ng'L

¢ Recovered concentrations of DGX (ng)L

4% +s (n=3).



In this research:

A simple and cost effective method is used for the preparation of a
nanoprobe and its exploiting for analyte determination without need to
the sophisticated instruments.

The important feature of this bioprobe is its high sdlectivity toward
analyte duo to use of the aptamer.

The significant benefit of aptamer/AuNPs/g-CsN4CN nanoprobe is that
with the aid of this probe determination of very low levels of the analyte
in plasma is performed without any time consuming extraction or
preconcentration procedures.

The developed nanobiosensor is thoroughly compatible with the green
chemistry.

The linear range of the calibration curve fulfills the requirement for
measurement of DGX in narrow therapeutic range (1-2 ppb).

Ease of the procedure as well as amazing analytical characteristics such
wide dynamic range, low LOD, and short operation time compared with
most of the other reported methods are the essential features of the
method.

Satisfactory recoveries from real samples are obtained, indicating the
potential of the synthesized nanobioprobe for selective and sensitive
detection of the analyte in complicated matrices.

In view of the aforementioned benefits, the developed aptasensor may

provide a promising florescence strategy for the determination of DGX or
other anaytes (by the use of appropriate aptamer) in biological fluids for
diagnostic purposes in medical treatment as well as bioavailability and

pharmacokinetic studies.
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