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ABSTRACT

Gold-coated graphene oxide hybrid material (GO/AuNPs) has exceptional physical and chemical proper-
ties like -7 stacking interaction and plays a role in quencher of fluorescence dye. Therefore, GO/AuNPs
could enhance the signal-to-background ratio with fluorescence dye that was the point in this fluorescent
biosensor. In this study, tetramethyl-6-carboxy-rhodamine (TAMRA)-labeled aptamers that specifically
interact with the hyaluronic acid binding domain of CD44 were used as targets to investigate the applica-
bility of the method. GO/AuNPs-TAMRA-aptamer complexes could detect CD44 target cancer cells within
a concentration range of 1 x 10! to 1 x 107 CFU/mL. A linear relationship was observed between target
cell concentration and relative fluorescence intensity. The more mounted up CD44 target cell concentra-
tions, relative fluorescence intensity of GO/AuNPs-TAMRA-aptamer complexes was increased even more,
which was superior to that of GO alone. Sensitivity of the detection system displayed a low detection
limit of 1 x 10! CFU/mL. Additionally, this method is specific in that fluorescence is not much enhanced
in CD44 negative cancer cell line. Thus, the fluorescence sensing based on GO/AuNPs could be developed

to receptive and robust detection tool for various target molecules.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In recent decades, research and development of DNA biosensors
has attracted considerable attention in the fields of clinical diagno-
sis, screening for food poisoning, and environmental monitoring
[1-3]. As a result, numerous types and techniques of DNA biosen-
sors based on fluorescence, colorimetry, electrochemistry, and
surface plasmon resonance spectroscopy have been investigated
and developed for DNA detection [4-9]. For example, fluorescence-
based DNA biosensors exhibit relative ease of operation, high
specificity and sensitivity, as well as high-throughput analysis
[10-13]. Despite of these advantages, a low signal-to-background
ratio may occur due to the intrinsic signal of fluorescence dyes in the
absence of targets [ 14]. Therefore, there is a need for a fluorescence-
based DNA biosensor that eliminates the high background while
maintaining target specificity.

Recently, nanomaterials have been used in the field of biosensor
systems. Especially, graphene oxide (GO) has various interesting
features like as large surface area, volume ratio, and quench-
ing effect by surface energy transfer with fluorescence dyes
[15-18]. Moreover, GO offers abundant carboxyl, hydroxyl, and
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epoxy groups on the surface of a two-dimensional layered car-
bon sheet from a graphene precursor [19]. It can provide unique
characteristics such as via -7 stacking and weak electrostatic
attractions between single-stranded DNA (ssDNA) and the GO
surface [20,21]. This is a key factor of enhancing the sensitiv-
ity of fluorescence-based DNA detection system. In spite of their
merits and capabilities of GOs, however, serious level of agglomer-
ation may reduce their surface area and stability. Consequently,
these phenomena limit the interaction between GO and ssDNA
[22,23].

To overcome such problems, hybrid nanomaterial has been
provided an alternative choice to meet the requirements. Hybrid
materials with nanoparticles such as silica, silver, and plat-
inum as coating materials have been used on the surface of
GO [24-26]. However, these nanoparticles are inappropriate for
DNA-based biosensor because of repulsive force or high reactivity
with other reagents [27-29]. Conversely, AuNPs have many out-
standing properties including biocompatibility, chemical inertness,
ability to immobilize the ssDNA and enhancement of solubility
[30,31]. Therefore, combining of the AuNPs onto the surface of
GO (GO/AuNPs) can improve the stability in solution and main-
tain a certain distance from GO. Moreover, GO/AuNPs allows higher
quenching efficiency than GO or AuNPs alone that can provide a
good signal-to-background ratio for improving the performance of
fluorescent methods [32-35].
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Fig. 1. Schematic illustration of GO/AuNPs sensing-based fluorescent detection.

The integral transmembrane protein CD44 is the primary recep-
tor for hyaluronic acid (HA). It promotes proliferation, migration,
invasion, and tumor-associated angiogenesis, which result in can-
cer development [36]. CD44 can therefore be used as a biomarker
for cancer diagnosis or prevention. Conjugation of chemotherapeu-
tic drugs or other anticancer agents to HA or anti-CD44 antibodies
has demonstrated for successful delivery to the tumor site as well
as increased efficacy in animal tumor models. This suggests that
inhibition of tumor growth and metastasis occurred by CD44-HA
interactions, thus indicating that these interactions may provide a
new approach to the targeted diagnosis and treatment of specific
cancers [36-38]. However, this hypothesis is difficult to evalu-
ate because the interaction between HA and CD44 is very weak.
Aptamer has become increasingly important diagnostic and thera-
peutic molecular tools [39] and an aptamer that specifically binds
to the HA-binding domain of CD44 with high affinity was reported
[37,40].

Here, we describe a simple and sensitive fluorescence-sensing
platform based on GO/AuNPs, which constructs for fluores-
cence detection of CD44 with CD44-specific aptamer (Fig. 1).
Initially, tetramethyl-6-carboxyrhodamine (TAMRA) dye-labeled
CD44 aptamer strongly binds to the surface of GO/AuNPs to
form a self-assembled structure via m-7 stacking and electro-
static attractions. Accordingly, the fluorescence of TAMRA dye
has almost perfectly quenched. When GO/AuNPs-aptamer com-
plexes add to target cell lines, hybridization occurs between
the CD44 aptamer and HA-binding domain of CD44* target
cells. Finally, the fluorescence intensity of TAMRA markedly
increases by its release from the GO/AuNPs surface com-
pared with GO alone. This fluorescence-sensing platform based
on GO/AuNPs can be adapted to provide accurate, sensi-
tive, and specific detection of diverse targets, and serve as a

signal-to-background ratio enhancer with improved efficacy com-
pared to GO alone.

2. Materials and methods
2.1. Reagents and apparatus

Graphite powder was obtained from Kanto Chemical (Kanto,
Japan). Potassium permanganate (KMnO,), phosphorus pentoxide
(P,05), concentrated sulfuric acid (H,SO4), potassium persulfate
(K2S,0g), gold(Ill) chloride trihydrate (HAuCls-3H,0), trisodium
citrate (Na3CgHs507), and phosphate-buffered saline (pH 7.4) were
purchased from Sigma-Aldrich (St. Louis, MO). Hydrazine solu-
tion (NH;NH,), hydrochloric acid (HCI), and hydrogen peroxide
(H20,) were obtained from Samchun (Seoul, Korea). Trypsin-EDTA
solution was purchased from Welgene (Gyeongsan, Korea). Fil-
ter papers were purchased from Whatman (Dassel, Germany).
The TAMRA-labeled aptamer (5-TAMRA-GAG ATT CAT CAC GCG
CAT AGT CCC AAG GCC TGC AAG GGA ACC AAG GAC ACA GCG
ACT ATG CGA TGA TGT CTT C-3’) was synthesized by MACRO-
GEN (Seoul, Korea). Five types of human cancer cell lines (SKOV3,
MDA-MB-231, A549, MCF-7, and T98G) were obtained from Korean
Cell Line Bank (Seoul, Korea). All other reagents were analytical
reagent grade and were used as received without further purifi-
cation or treatment. Ultrapure water obtained from a Millipore
water purification system (Milli-Q, Billerica, MA) was used in all
assays. UV/vis spectrophotometer analysis was conducted with
OPTIZEN POP spectroscopy (Mecasys, Daejeon, Korea). Fluores-
cence spectroscopic analysis was performed using the OLYMPUS
DP73 microscope (Tokyo, Japan) and transmission electron micro-
scope (TEM) analysis was conducted with a Tecnai G2 F30 S-Twin
microscope (FEI, Hillsboro, OR). Atomic force microscope (AFM,
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Park Systems, Suwon, Korea) characterizations were conducted
with non-contact mode on an XE-100 instruments at a scanning
rate of 1 Hz and operated by XEP software.

2.2. Synthesis of GO/AuNPs

2.2.1. Preparation of graphene oxide (GO)

GO was prepared from graphite powder using a modified Hum-
mers’ method [41,42]. Graphite powder (2g) was mixed with a
solution of 50 wt% H,S04 (27 mL), K;S,0g (2 g), and P,05 (2 g) at
85°C, and the mixture was stirred for 5h. The solution was then
cooled to room temperature and added to 500 mL of deionized (DI)
water. This mixture was stirred overnight, and then dried at room
temperature after filtering. The dried and peroxidized graphite
were added to a cooled solution of 50 wt% H,SO4 (270 mL). KMnO4
(10g) was slowly added in ice bath system with stirring for 1 h and
reacted at room temperature for 24 h. 500 mL of DI water was later
added, followed by the addition of 20 mL 30% H, 0. In this step, the
color of the solution was changed from dark brown to yellow. The
mixture was then washed and filtered with an aqueous solution of
10wt% HCI (1L) and DI water (1L) to remove unreacted ions. The
yellow products were dried at 60 °C.

2.2.2. Synthesis of gold-coated GO

The synthesis of GO/AuNPs composites was based on the reduc-
tion of the Au(Ill) complex by sodium citrate. First, 5 mL of the
graphene oxide solution (1.5 mg/mL) was added to a solution of
HAuCl, (0.095 g/mL, 100 mL), which was then sonicated for 30 min
to promote interaction of the gold ions on the GO surfaces. The
reaction solution was heated to 80°C following dropwise addi-
tion of a sodium citrate (0.85 mol/L, 1.92 mL) solution. The reaction
was allowed to continue for 1h. The resulting solution was then
centrifuged at 842 x g for 10 min and washed several times with
distilled water to remove free AuNPs. Finally, the nano-composites
were dried at 60°C.

2.3. Cell culture

The SKOV3 ovarian cancer cells, MDA-MB-231 breast cancer
cells, and A549 lung cancer cells were maintained in RPMI-1640
medium (GenDEPOT, Barker, TX) supplemented with 10% fetal
bovine serum (FBS) and 1X antibiotic-antimycotic solution. The
MCEF-7 breast cancer cells and T98G brain cancer cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM, GenDEPOT,
Barker, TX) supplemented with 10% FBS and 1X antibiotic-
antimycotic solution. Cells were cultured on 24-well plates prior
to fluorescence experiments with 5% CO, at 37°C.

2.4. Cell viability assay

The cell viability was evaluated by MTT assay. SKOV3 and MCF-7
cells of 1 x 103 CFU/well were seeded in 96 well plates and incu-
bated with 5% CO, gas at 37°C for 36 h, respectively. The cells
were then treated with different concentrations of GO/AuNPs at
37°C under 5% CO,. After 24h, the cells were incubated with
100 L of 0.5mg/mL thiazolyl blue tetrazolium bromide (MTT,
Sigma-Aldrich) in PBS solution for 3h at 37°C under 5% CO,.
Finally, the MTT solution was removed and the produced formazan
crystals were dissolved in 100 wL of dimethyl sulfoxide (DMSO,
Sigma-Aldrich) for 25 min. Optical density of formazan solution
was monitored at 540 nm using Synergy H1 Hybrid Reader from
BioTek (Winooski, VT).

2.5. Fluorescence detection

The TAMRA-aptamer, specific for the HA-binding domain of
CD44, was suspended in PBS solution (20mM, pH 7.4) and 1 L
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Fig. 2. UV-vis absorption spectra of (a) GO and (b) GO/AuNPs. Inset: UV-vis absorp-
tion spectra obtained for the gold nanoparticles of synthesized GO/AuNPs at 525 nm.

of 20nM aptamer was mixed with 18 pL of 1 mg/mL of GO or
GO/AuNPs in a 1.5 mL tube. This mixture was allowed to react for
15 min and then centrifuged at 842 x g for 10 min. The resulting
pellet was separated from the supernatant. The pellet was resus-
pended with PBS solution after discarding the supernatant. The
TAMRA-aptamer-GO or -GO/AuNPs solution was mixed with tar-
get cells at various concentrations ranging from 1 x 10! to 1 x 107
CFU/mL in 24-well plates in the final volume of 500 p.L, and incu-
bated for 1 h at 37 °C. After treatment, the cells were washed twice
with PBS solution to exclude the possibility that remaining par-
ticles can affect the fluorescence detection. Then, all fluorescence
measurements were performed using Synerge H1 Hybrid multi-
plate Reader. The excitation wavelength was 545 nm and emission
spectra were collected at 580 nm. Experiments for the optimization
of sensing conditions were carried out under identical conditions
and were repeated three times.

2.6. Flow cytometric analysis

CD44* SKOV3 and CD44~ MCF-7 cells were incubated with GO
and GO/AuNPs-TAMRA-aptamer complexes for 1 hat 37 °C, respec-
tively. The cells were then collected using trypsin-EDTA solution,
and centrifuged at 842 x g for 4 min. The cell pellet was washed
twice with PBS solution (20mM, pH 7.4), and flow cytometric
analysis was performed on the BD Accuri C6 flow cytometer (BD
Bioscience, San Jose, CA).

3. Results and discussion
3.1. Characterization of graphene oxide/gold nanoparticles

We prepared GO and GO/AuNPs sheets based on the Hummers’
method [41,42] and UV-vis absorption spectra of the synthesized
GO and GO/AuNPs nanocomposites was confirmed (Fig. 2). A peak
at 230 nm in the GO absorbance spectrum represented the transi-
tion of aromatic CC bond of the GO. The shoulder peak at 300 nm
was correspond to transition of C=0 bond now embedded by exfoli-
ation and intercalation on the graphite [43]. Then, GO/AuNPs were
formed by redox reactions of the HAuCly in situ on the partially
GO surface. Thus, appearance of the bands at 525 nm of the UV-vis
region was attributed to the formation of AuNPs on the GO sheets.
However, the absorption peak at 300nm of GO/AuNPs may be
decreased because of electrostatic interaction between GO and gold
ions [44].

TEM images and AFM analysis were examined for the GO/AuNPs
before the addition of TAMRA-aptamer (Fig. 3). The GO sheets were
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Height

Fig. 3. Representative TEM images of (A) GO and (B) GO/AuNPs. AFM images and height profiles of the (C) GO and (D) GO/AuNPs: concentration of AuNPs was 0.85 M.

very thin, consisting of one to several layers and the broad and
flat GO surface can provide a large surface area for loading AuNPs.
A TEM image of GO/AuNPs reveals that the AuNPs randomly dis-
persed on the GO sheets, with an average size of 15.2 nm and the
interplanar distances was 0.23 nm. This finding indicates that Au
nuclei are randomly formed only on the GO sheets and subse-
quently grown for a given thermal reduction time. AFM analysis
was carried out to determine the topographical shape for each step
during the production of GO/AuNPs-aptamers. The average thick-
ness of GO sheets was approximately 1.1 nm, and some parts of
GO/AuNPs sheets was equivalent size to those of the individual GO
sheets. When AuNPs were absorbed on the GO surface, the height
was in the range between 6 and 10 nm which is similar size to that
of AuNPs from TEM images. These results confirmed that single GO
layers can provided as substrates to load a number of AuNPs.

The fluorescence quenching efficiency of GO/AuNPs was evalu-
ated via fluorescent analysis of TAMRA-aptamer in the presence of
nanomaterials. As illustrated in Fig. 4A, the TAMRA-aptamer was
adsorbed onto the GO/AuNPs surface by m— stacking and elec-
trostatic attraction, and then its fluorescence intensity was mostly
quenched by GO/AuNPs. However, the fluorescence intensity was
less quenched when GO was adsorbed. This result suggested that
GO/AuNPs as a hybrid material provides more chances for the
interaction between TAMRA-aptamer and GO/AuNPs by enhancing
the capture efficiency and stability. Thus, the enhanced quench-
ing effect of GO/AuNPs could make sensitive detection with a high
signal-to-background ratio. Next, the only fluorescence intensity
quenched TAMRA-aptamer on the surface of GO and GO/AuNPs was
analyzed after removing unbound TAMRA-aptamer on the surface
of GO by centrifugation (Fig. 4B).

3.2. Optimization of analysis conditions

It is known that the concentrations of GO/AuNPs and aptamer
are crucial factors for detection analysis [43]. To achieve the best

analysis performance, we optimized the concentration GO and
GO/AuNPs and the reaction time in the detection system using
20nM of TAMRA-aptamer (Supplementary information, Fig. S1).
The relative fluorescence intensity (F/Fo — 1) increased constantly
at the concentrations of GO and GO/AuNPs up to 0.2 mg/mlL.
Using Fy and F as references, the fluorescence intensity of the
TAMRA-aptamer at 520 nm was measured with or without GO and
GO/AuNPs. It was confirmed that over 90% fluorescence intensity
of the TAMRA-aptamer was efficiently quenched by GO/AuNPs at
concentration above 0.18 mg/mL. Furthermore, it implied that the
interaction of TAMRA-aptamer with GO/AuNPs should have been
more effective than that with GO. However, the concentrations
above 0.2 mg/mL inhibited the target reaction due to the excessive
amount of particles. Thus, we choose the optimum concentration at
0.18 mg/mL. This concentration of GO/AuNPs provided the highest
efficiency, and took advantage of the detection system.

To identify the optimal analysis time, the quenching time for
GO and GO/AuNPs-TAMRA-aptamer complexes was confirmed by
monitoring the fluorescence intensity ratios (F/Fy) for 40 min with
5min interval. After addition of 0.18 mg/mL of GO or GO/AuNPs
to 20nM TAMRA-aptamer solution, the fluorescence of TAMRA-
aptamer was immediately quenched upon adsorbing onto the GO
surface (Fig. S1 in Supplementary information). Over 90% reduction
of the fluorescence intensity of the TAMRA-aptamer was obtained
by addition of GO/AuNPs (0.18 mg/mL) for 15 min incubation. This
result indicates the strong quenching effect of GO/AuNPs against
the fluorescence of the TAMRA-aptamer. Thus, the followed exper-
iments were performed by the concentration of 0.18 mg/mL and
15 min reaction time.

3.3. Cell viability
To examine the cytotoxicity of GO/AuNPs before the target

detection, MTT assay was performed using SKOV3 and MCF-
7 cells treated with two kinds of particles for 24h (Fig. S2 in
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Fig.4. (A)Fluorescence emission spectra of TAMRA-aptamer (20 nM) under different conditions: (a) TAMRA-aptamer, (b) TAMRA-aptamer + GO (0.18 mg/mL) and (c) TAMRA-
aptamer + GO/AuNPs (0.18 mg/mL). (B) Fluorescence emission spectra of TAMRA-aptamer + GO and TAMRA-aptamer + GO/AuNPs after centrifugation for relative comparison.

Excitation: 545 nm, and emission: 580 nm.

Supplementary information). Both cells showed similar viability
loss in dose-dependent effects of GO and GO/AuNPs. Even at the
highest concentration of 0.20 mg/mL, about 80% and 67% of the
cell viability remained by treatment of GO and GO/AuNPs, respec-
tively. The viability loss triggered by GO/AuNPs than GO may be
exacerbated by the AuNPs on GO sheets because the chemically
synthesized AuNPs have some toxicity [45]. Thus, more studies are
needed to ameliorate the cell toxicity of GO/AuNPs.

3.4. Target detection

In order to assess the detection ability of GO/AuNPs, the HA-
binding domain of CD44 was used as the target. Fig. 5 shows
the fluorescence histogram between GO and GO/AuNPs-TAMRA-
aptamer complexes upon incubation with different concentrations
of CD44 target. In Fig. 5A, the fluorescence intensities of GO and
GO/AuNPs-TAMRA-aptamer complexes were steadily increased
at target concentrations in range of 1x103~1x 10> CFU/mL.
At the case of concentrations above 1 x 106 CFU/mL, the inten-
sities were sharply increased with GO/AuNPs-TAMRA-aptamer
complex, while only slight increase was observed with GO-TAMRA-
aptamer complex. Furthermore, a linear correlation was observed
between F—Fy and target concentrations with linear equations
of Y=312.09X-275.71 (regression coefficient RZ=0.956) and
Y=521.2X—616 (regression coefficient R%2=0.9474) for GO and
GO/AuNPs-TAMRA aptamer complexes, respectively (Fig. 5B).
Specifically, the limit of detection (LOD) of target equals to 1 x 10!
CFU/mL based on 3a/slope, where ¢ is the standard deviation of
the blank. With increasing CD44* target cells, however, the fluo-
rescence intensity based on GO/AuNPs was much higher than that
of the fluorescent based on GO. This result is the fluorescence aris-
ing after the binding between GO/AuNPs-TAMRA aptamer complex
and the target. The fluorescence quenching ability of GO has
been well evaluated in many studies [21,46,47]. Furthermore, the
binding between nanomaterials and ssDNA increases electrostatic
repulsion and keeps the quenching efficiencies [46]. The synergis-
tic effect from simultaneous fluorescence quenching using GO and
AuNPs may give a higher fluorescence intensity compared to GO
[32-35,46]. Therefore, these noticeable differences of fluorescence
intensity based on GO/AuNPs facilitate more accurate and sensitive
detection.

The variation in fluorescence intensity between GO and
GO/AuNPs-TAMRA-aptamer complexes upon hybridization with

a CD44 target cell was examined by flow cytometry. The degree
of reactivity of the TAMRA-aptamer complexes with target cells
could be quantified by determining the fluorescence emission (Fig.
S3in Supplementary information). The target cells readily engulfed
GO and GO/AuNPs-TAMRA-aptamers and it was demonstrated
by increased fluorescence upon reaction of target cells with the
TAMRA-aptamers compared untreated controls. Cellular uptake
was much more profound with the GO/AuNPs-TAMRA-aptamer
compared to the GO-TAMRA-aptamer. These results indicate that
GO/AuNPs-TAMRA-aptamer complexes can enhance fluorescence
intensity since GO/AuNPs were highly quenched with the fluores-
cence dye.

Fluorescence microscopy was applied to further confirm the
effects on the target. Target cells were incubated with GO and
GO/AuNPs-TAMRA-aptamer complexes for 1h at 37°C (Fig. 6).
We observed brighter fluorescence with the GO/AuNPs-TAMRA-
aptamer complex, indicating high quenching and increased uptake
of the complex by target cells. In contrast to the TAMRA-
aptamer binding to CD44* cells, none of TAMRA-aptamers bound
to CD44~ MCF-7 cells (Fig. S4 in Supplementary information).
These results reveal that the proposed detection assay based on
GO/AuNPs exhibits high sensitivity and ease of use for targeting or
imaging agent due to the function as great enhancers of signal-to-
background ratio.

For specificity of the fluorescence sensing strategy, parallel
experiments were performed to evaluate the specificity through
CD44 negative target cells such as MCF-7 breast cancer cells and
A549 lung cancer cells. The CD44~-cells and other CD44" tar-
get cells, including SKOV3 ovarian carcinoma cells, T98G brain
cancer cells, and MDA-MB-231 breast cancer cells, were investi-
gated under the same experimental conditions (1 x 106 CFU/mL)
to analyze the specificity of the method. As shown in Fig. 7,
the results indicated that CD44 positive target cells noticeably
increased the fluorescence. On the other hands, fluorescence recov-
ery was weakly observed in MCF-7 and A549 CD44 negative cells.
Especially, the fluorescence enhancement in the presence of SKOV3,
T98G, and MDA-MB-231 target cells with GO/AuNPs-TAMRA-
aptamer complexes was almost 7-fold than negative cells. These
results definitely indicated that the suggested fluorescence detec-
tion system has good specificity, which can make a distinction
target cell and non-target cell. Moreover, the sensing platform
based on GO/AuNPs can make the target detection more precise
and clear compared to GO-based platform.



314 H.Y. Jeong et al. / Colloids and Surfaces B: Biointerfaces 135 (2015) 309-315

(A)
30001 pmmmm GO
I GO/AuNPs

2500 4

2000 4

1500 4

1000 4

FL Intensity (RFU)

500

Blank 10A1 1072 10%3 10%4 10°5 106 10°7
Concentration of Target (CFU/mL)

(B) 3000

- GO 3
2500 === GO/AuNPs

2000

1500

FL Intensity (RFU)

1000 4

500 4

3 4 5 6 7

Amount of Target (/log,,)

Fig. 5. (A) Fluorescence emission histogram of the hybrid of GO and GO/AuNPs-TAMRA-aptamer complexes and different concentrations of target cells (Blank, 101, 102, 103,
104, 10°, 10%, 107 CFU/mL). (B) The calibration plot of fluorescence intensity against the concentration of target cells. Conditions: TAMRA-aptamer concentration: 20 nM, GO
and GO/AuNPs concentration: 0.18 mg/mL, Excitation: 545 nm, and emission: 580 nm. Error bars indicate standard deviation (n=3).

No treatment GO GO/AuNPs

Fig. 6. Fluorescence microscope images of unreacted and reacted GO-TAMRA aptamer complexes and GO/AuNPs-TAMRA aptamer complexes on CD44* SKOV3 cell line.
(A-C) Differential interference contrast (DIC) images of CD44* SKOV3 cell line and (D-F) corresponding fluorescence images, respectively. The magnification for all images
is 20x. Target cell concentration: 1 x 108 CFU/mL; TAMRA-aptamer concentration: 20 nM; GO and GO/AuNP concentration: 0.18 mg/mL.

3500
2000 mEmm Control
= . GO
& 2500 I GO/AuNPs
2 2000
0
S
@ 1500
-
£
a 1000
500
MCF.7 A549 SKOV3 T98G  MDA-MB-231
CD44 = - + + +

Fig. 7. Fluorescence intensities of different target cells reacted with control (no
treatment), GO, and GO/AuNPs-TAMRA aptamer complexes. Target cell concentra-
tion, 1 x 10 CFU/mL; TAMRA-aptamer concentration, 20 nM; GO and GO/AuNPs
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4. Conclusions

In summary, we have developed a GO/AuNPs-based fluores-
cence aptasensor for use as a highly sensitive, selective, and

simple detection system. Graphene-based AuNPs prepared with
molecular-level dispersion have been used as a capture substance
of ssDNA and a quencher for fluorophore to enhance the signal-
to-background ratio. GO/AuNPs exhibited the higher sensitivity
and specificity for the fluorescent detection of CD44 than those
of GO alone due to their structural stability and enhancement of
quenching efficiency. Consequently, GO/AuNPs-based fluorescence
sensing platform can be used widely to detect other crucial targets
such as pathogens and cancer biomarkers.
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