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Abstract: A novel optical fiber glucose biosensor based amriscent carbon

guantum dots (CQDs)-glucose oxidase (GOD)/cellulesetate (CA) complex
sensitive film was fabricated, in which the dip-tng method was adopted to
immobilize the CQDs-GOD/CA complex sensitive filnmto the end face of the
optical fiber. The surface morphology, microstruetand optical performances of the
sensitive film were characterized by field emiss&ranning electron microscope
(FESEM), atomic force microscope (AFM), Zeiss Axaov25 inverted microscope,
Fourier transform infrared spectroscopy (FTIR) réllolet-visible spectrophotometer
and fluorescence spectrophotometer, respectivily.developed fiber-optic biosensor
exhibits high sensitivity and repeatability for timmous online detection of low
concentration glucose, allowing visualization adlreme glucose fluctuations over a
period of time. The change ratios in fluorescemtenisity of the biosensor are linear
with glucose concentration in various ranges inclgdmicromole and nanomole
levels, and the relationship between relative #8oence intensity ratio and glucose
concentration complies well with the modified St&simer equation in the range of
10-200umol/L with the detection limit of 6.4@M, and in the range of 10-100 nmol/L

with the detection limit of 25.79 nM, respectively.
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1. Introduction

As the main energy source and the metabolic intéiate of living cells, glucose
plays a vital role in organisms, and its level imtan body is closely related to human
health. Higher blood glucose can lead to diabeted @mduce diverse serious
complications, threatening human health and lifietga Therefore, the detection of
glucose is significant for the prevention and tnezxtt of diseases (Guo and Ma, 2017).
Although the monitoring of blood glucose in the amgm is important since blood is
by far the most understood diagnostic sample, dbieopgical fluids such as tears,
saliva and sweat containing lots of biochemical lgea also provide valuable
information as well as being more available thaobl(Liao et al., 2015; Makaram et
al.,, 2014). In order to monitor the information abometabolic physiological
processes while detecting glucose noninvasively, generally possible to obtain
relevant information by measuring the glucose idybituids or metabolic fluids other
than blood (Olarte et al., 2013; Yan et al., 20Hgwever, the diversity of biological
metabolism causes certain differences in glucogel lef metabolic products where
the glucose content is usually much lower than ith&tiood (Moyer et al., 2012), as
the glucose concentration in saliva of normal peapl30-80 uM (Wang et al., 2016),
while that in tears is just about 2-3% of bloodagise. Also, such techniques and
methods for trace glucose detection in biologitatis are still lacking and need to be
exploited. In addition to clinical diagnosis, thevelopment and optimization of
detection technology for trace glucose is necessapyomote its application in other
fields including environmental monitoring, biomedie like the assessment of
embryonic development and food analysis like theerd@nation of residual sugar.
Diverse glucose sensors have been developed ngdedliiding capacitive sensors
(Zhang et al., 2017), electrochemical sensors (Msrg., 2018), fluorescent sensors

(Benito-Pena et al., 2016; Liu et al., 2018), agtisensors (Shehab et al., 2017).
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Among these sensors, electrochemical and opticad bave been widely used due to
good stability and reliable measurement accuraowé¥er, some electrochemical
glucose sensors (including the GOD-based oneshars@ thased on noble metals and
their alloys, transition metals and their oxide®) asually high-cost and susceptible to
external factors such as electromagnetic field,pemature, pH value and ambient
relative humidity, which greatly limits their préeal applications (Su et al., 2016;
Yang et al., 2016).

In contrast, as a kind of optical sensor, the fiyglic sensors have attracted
much attention in sensing field owing to their sgoanti-interference ability, high
sensitivity, fast response, remote control andngtradaptability (Li et al., 2018). The
detection principles of the current fiber-optic gbse sensors are mostly based on
surface plasmon resonance (SPR) (Yuan et al., 2068lized surface plasmon
resonance (LSPR) (Jiang et al., 2017), Fabry-Ré#t) interferometry (Khan et al.,
2018), intensity modulation (Pahurkar et al., 20Xa)lse width modulation (PWM)
(Tang et al., 2013), phase modulation (Huang e8Il 6) and wavelength shift (Jiang
et al.,, 2018). Nevertheless, these aforementioratsoss utilizing the intrinsic
characteristics of the optical fiber have more emsl drawbacks which haven't been
addressed such as the complicated structure, rihigtiion of the optical interaction
length, the mutual interference between opticatagy and difficult signal processing,
tremendously restricting their detection limit asdnsitivity (Yuan et al., 2017).
In comparison, the fluorescence-based biosensadrgy dkiorescence intensity or
fluorescence decay as the sensing signal havedoedinmed to be a prevalent optical
detection technique in biosensing (Cho and Park9p0Nith the increasing maturity
of fiber-optic sensing technology and the advancemé nano-material preparation,
highly efficient fiber-optic glucose biosensors Bdween developed by immobilizing
sensitive materials onto optical fibers, which ezhieve accurate, fast, and real-time
glucose detection. As a superior fluorescent namtemad carbon quantum dots
(CQDs) has become a research frontier in bioserdhilegto its water solubility, high
photostability, low toxicity, good biocompatibility(Wang et al.,, 2017).
Correspondingly, enzyme-based optical fiber biosensntegrating nanoparticles,
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immobilized enzymes, composite membranes and ddwdmologies, present great
potential in many fields especially in complex eowments with narrow and limited
monitoring space because of their small size, hghight, strong selectivity and high
flexibility (Bidmanova et al., 2010). Still, therare few studies focus on the
fluorescent detection of glucose using enzyme-bag#idal fiber sensors. Trettnak et
al. (Trettnak et al., 1988) presented a fiber-ogfliccose sensor by immobilizing
glucose oxidase and pH-sensitive dye in a sensiygr lat the end of a fibre, where
the fluorescence response of the sensor to glusasedue to the pH change of the
dye. The sensor has a narrow detection limit of20rhM with a response time in
8-12 min. Rosenzweig and Kopelman (Rosenzweig aspkknan, 1996) fabricated a
micrometer-sized fiber-optic fluorescence biosenadrich can fast response to 1-10
mM of glucose. Scully et al. (Scully et al., 20@@monstrated a novel enzyme-based
optical sensor for in situ continuous monitoringghlicose with a detection limit of
0.1 mM over a range up to 30 mM. Siegrist et aledBst et al., 2010) reported a
fluorescent hydrogel-based GRP sensor with highofleemic sensitivity and
precision.

Given that the micron-sized quartz optical fibeavdnlarge mode area and high
light transmission efficiency, we developed a nowsizyme-based fluorescent
fiber-optic glucose biosensor using the 60® quartz optical fiber coated with
CQDs-GODI/CA sensitive film, in which the CQDs-GODBnaplex with enzymatic
activity as the fluorescence indicator. The chamstics of the sensitive film were
studied by various analysis and testing techniqugmssed on the fluorescence
guenching of the film on the fiber-optic probe, thipical fluorescence response curve
of the sensor to glucose could be found. The prgagucose biosensor provides a

new platform for trace glucose sensing applications

2. Materials and methods

2.1 Reagents and chemicals

L-Cysteine (BR) wer®btained from Regal Co. Ltd. Citric acid monohydrat
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(99.5%), D-glucose (99%jgellulose acetate (99.5%g¢cetone (AR), ethanol (AR)
were purchased from Sinopharm Chemical Reagent Chtd.
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (EDC) (AR),
N-Hydroxysuccinimide (NHS) (AR) were bought frong8ia-Aldrich. Glucose
oxidase (GOD) (BR) was acquired from Kaiyang Cal.lRhosphate Buffered
Saline (PBS) was prepared by disodium hydrogen gitaise (NaHPQO;) and
sodium dihydrogen phosphate (N#&t,). Deionized water produced by the

Hitech-K flow water purification system was usedbtighout the experiments.

2.2 Instruments and char acterizations

Fluorescence meamments were performed on an F-4500 FL
Spectrophotometer (Hitachi, Japan). Fourier tramsfmfrared (FT-IR) spectra
were obtained from a KBr window on a Nicolet670@dpometer. The end
face topography of the fibre-optic probe was obseérlly a Zeiss Axiovert 25
inverted microscope. The morphological characttoma of the
CQDs-GOD/CA complex sensitive film were evaluated &tomic force
microscope (AFM) (Nanoscope IV, USA) and JEM-750&ld emission
scanning electron microscope (FESEM) operated(ak¥. The 405 nm violet
diode laser (MDL-I11-405-100 mW) and QE65000 spenteter (Ocean Optics)
equipped with a back-thinned CCD detector were egygud to construct the

optical sensing platform.

2.3 Preparation of complex sensitive film and sensor probe

The CQDs-GOD comple was prepared by the chemical cross-linking
method, in which the fluorescent CQDs were syn#egki by one-step
microwave assisted method using L-cysteine andcaitcid monohydrate as
precursors. Concisely, 2 mL of the purified CQD&igon and 7.4% (v/v) of
0.1 mol/L EDC/NHS solution were mixed in PBS (pH56and stirred slowly

for one hour at room temperature. Then 0.5 mL GODt®n (1.0 mg/mL) was



added to the mixture with constant stirring atGifor 2 hours. The obtained
solution was dialyzed (MWCO: 8 kDa) for two daysam °C refrigerator to
remove unreacted precursors and small moleculeupted

The CQDs-GOD/CA complesensitive film was prepared as follows: 0.108
g cellulose acetate and 3.0 mL acetone were mixedpenicillin bottle under
magnetic stirring for 2 hours, followed by adding &L CQDs-GOD complex
into it and stirred at 4C for 6 hours. The solution was then transferreéd @
refrigerator and stored at°€ until a viscous casting solution was formed. As
for the preparation of sensing probe, 0@ quartz optical fibers with high
coupling efficiency and negligible fiber loss wemsed for our experiments.
Firstly, the fibers with part of whose coating rerad were cut into 10 cm
length and washed by deionized water and ethamdhfee times, followed by
natural drying at room temperature for 15 minut&ibsequently, the
CQDs-GOD/CA precursor casting solution was depdsite the cleaned fiber
end face by dip-coating method through a verticating lifting machine (the
parameters of coating procedure: pulling rate wasi/min, dipping rate was
20 mm/min with a dipping time of 10 s and coatinget of 20 s). Finally the
fiber coated with the casting solution was storedai 4 °C refrigerator for
natural drying to ensure the thorough volatilizataf the acetone, allowing the
formation of the CQDs-GOD/CA complex sensitive filend the firm
immobilization onto the fiber end face. Moreovle CQDs-GOD/CA complex
sensitive film coated onto a 10 mmx10 mmx0.43 mioasi polished wafer by
the same dip-coating method was also obtained asdl dor a series of

characterizations.
2.4 Construction of optical platform for glucose detection

The schematic illustteon of the optical experimental platform used &wify
the performance of the fiber-optic glucose biosesahown in Figure 1. The

high-stable incident laser provided by the 405 natet diode laser is divided



into two parts by the dichroic mirror after passittgough the attenuator.
One-part light with the long-wavelength is trangaedtthrough the spectroscope
and monitored by the optical power meter. The otpart light of the

short-wavelength is reflected by the spectroscapesénsing purpose. After
focusing with a 4x objective lens (numerical apextQ.10), the reflected light
is coupled into the optical fiber core by adjustitite three-dimensional
platform, and then propagates along the core tather end of the fiber, thus
exciting the sensitive film on the end face to gatee fluorescence. The
induced fluorescence signal is transmitted backnalahe fiber then

successively passes through the objective lensralicope, the high-pass filter

and eventually received and processed by the speeter and the computer.

Figure 1

2.5 Glucose detection by the optical fiber biosensor

Some researches have reported that CQDs-basediatzatme excellent
detectors for KO, since their fluorescence can be effectively quedchy
H,O, due to the charge transfer (CT) or electron tem@T) mechanism (Chu
et al., 2016; Qian et al., 2014; Shan et al., 2@btthukhan et al., 2014; Shen et
al., 2017). In this work, the principle of optichber biosensor for glucose
detection is based on the fluorescence quenchinghef CQDs-GOD/CA
complex sensitive film induced by the enzymaticwasion of glucose to 4D-.
Exactly, when the sensor probe was dipped intdaked glucose solution, the
glucose would penetrate into the sensitive film padicipate in the enzymatic
reaction with the embedded indicator CQDs-GOD tmegate HO,, thus
decreasing the fluorescence intensity of the semsobe. Since there are
dependent relationships between the glucose caldiemt and the relative
fluorescence intensity ratio, the quantitative gsial of glucose can be achieved

through the fluorescence response of the sensaluoose.In the glucose



measurement the as-prepared sensor probe was firstly fixed an
three-dimensional platform (Figure 1) and then dgbpnto a 1.5 mL glass
bottle containing glucose solution, the generatkobréscence signal was
collected and analyzed by the spectrometer. Therabgeries of standard
glucose solutions with different concentrations evéten measured to obtain

the calibration curves of the glucose biosensor.

3. Results and discussion

3.1 Optical properties of the CQDs-GOD/CA complex sensitive film

The fluorescence emission spectra of the CQDs-G@Mnplex sensitive film
and the CQDs-GOD complex are shown in Figure 2.ifbket are the photographs of
the sensitive film under daylight (left) and a 3@%® UV lamp (right). It can be seen
that the CQDs-GOD/CA complex sensitive film emitaebfluorescence at 448 nm
under the optimal excitation wavelength of 345 nim. addition to excellent
fluorescence emission property, the sensitive filmlso exhibits the

anti-photobleaching performance (Figure S10).

Figure 2

Besides, we found that the fluorescence intensitythe CQDs-GOD/CA
complex sensitive film was enhanced significantigmpared with that of the
CQDs-GOD complex. In order to explore the reason tfee enhancement of
fluorescence after film formation, the structured aomposition of the CQDs-GOD
complex and the CQDs-GOD/CA film were investigatgdFT-IR (Figure S1). The
absorption peak at 1521 chwas attributed to the stretching vibration of CH\-
indicating the existence of secondary amine gro(pdd-) in the CQDs-GOD
complex. Peaks at around 1720 ¢mere determined as C=0 stretching vibration on

the carboxyl groups (-COOH). The vibration absanptipeak at 1640 crh was



corresponded to primary amide groups (-CO-NH-). $harp double peaks at 1430
and 1360 cit were associated with the C-N stretching vibratéramide 11l band.
Peaks appeared at 1240 ¢were attributed to C-O stretching vibration. Peaks
1050 cm® were identified a€-OH vibration absorption. It's evident that theGC=
peak intensity of carboxyl groups was decreasedewthiat of the primary amide
(1640 cm*) was significantly increased. The secondary amiek at 1521 cim was
disappeared and replaced by a primary amine déalk at around 1400 ¢l These
results indicate that a large amount of secondarydes (-CO-NH-CO-) in
CQDs-GOD complex were converted into primary ami@e€-NH-), and the C=0
bonds were reduced to C-O bonds during the filnmédron process, leading to the
surface passivation of the CQDs-GOD complex, thaisaecing the fluorescence
intensity of CQDs-GOD/CA complex sensitive film. Agany researches focusing on
the mechanism of CQDs luminescence have demorstifzethe surface passivation
of the nanoparticles would great increase its #goence intensity, since the
photoluminescence from CQDs may be ascribed tcstinface energy traps that get
emissive upon stabilization due to the surfaceipassn (Pan et al., 2017; Sun et al.,
2006). Therefore, the passivation of CQDs-GOD cexpgurface is equivalent to the
surface passivation of CQDs with amino groups, Iteguin the enhancement of the

fluorescence.
3.2 Surface topography of the CQDs-GOD/CA complex sensitive film

The end face tapgraphy of the optical fiber probe was observedaby
inverted microscope, and théqiomicrographs of the fiber end face without and
with the CQDs-GOD/CA complex sensitive film are wimoin Figure S2. It is obvious
that the fiber end face coated with sensitive fdnnougher than that of uncoated one,
indicating that the sensitive film is uneven and hacertain roughness and thickness.
This observation and more specific details aboeatgbnsitive film are supported by
subsequent AFM (Figure 3) and FESEM images (Figdrd-igure 3 shows that the

film coated onto the fiber end face is rough witthigkness of about 300 nm. And the



film has a porous structure with the average haendter of 0.5.m, which provides
sufficient permeability to ensure the adequateudiéin of glucose within the

prescribed response time.

Figure 3

Figure S6 (the SEM image of lower magnificatiorstmw the larger area of the
film) and Figure 4 illustrate that there are manigron-sized holes in the sensitive
film, which is conducive to the penetration of gige into the film to react with the
fluorescent indicator CQDs-GOD complex. The ingefigure 4 reveals that the film
surface is uneven and has many wrinkles, whichrge¢athe specific surface area and
allows more fluorescent indicators CQDs-GOD attachie film, thus enhancing the
fluorescence performance of the sensitive film angroving the sensitivity of the

sensor probe to glucose.

Figure 4

Given that the addition of the fluorescent indica@®Ds-GOD during the
film preparation process will lead to an increasethe total amount of the
precursor solution, thereby affecting the film faton. We investigated the
effect of CQDs-GOD dosage (i.e. 0.2 mL, 0.3 mL, @) on the synthesis and
properties of the sensitive film. As shown in Figu7, larger addition of the
CQDs-GOD can improve the fluorescence propertyheffiim, while excessive
addition will bring about thinner and more trangpdrfilm morphology, not
conducive to the formation and deposition of then fon the fiber end. These
results were also well supported by the SEM imdGeagire S8). It can be seen
that less CQDs-GOD dosage (0.2 mL, Figure S8(aljsem smaller pore
structure of the CQDs-GOD/CA film, which is unfagbte for the permeation
of the tested glucose. While larger dosage (0.4 Rigire S8(c)) may induce
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bigger hole in the film, destroying its uniformwstture, compared with that of
0.3 mL CQDs-GOD (Figure S8(b)). Therefore, 0.3 mQIs-GOD complex
was regarded as the more suitable dosage and wdsdusing the preparation

of sensitive film.

3.3 Typical fluorescence response of the optical fiber sensor to glucose

A series of standard glucose solutions with variomscentrations ranging
from 10 to 20Qumol/L were measured using the proposed fiber-dptsensor
(Figure 5(a)). It can be seen that the fluorescantensity decreased as the
glucose concentration increased, which was duéddadct that more glucose
penetrated into the film and participated in theyenmatic reaction to produce an
increasing amount of 4,. The corresponding real-time fluorescence
responses of the fiber sensor to glucose solutiere iested and the sequence
chart was shown in Figure 5(b). It can be obserirfeat the fluorescence
intensity decreased sharply within one second had tended to stable within
two minutes as the probe was dipped into the testedion. Here, the big drift
in fluorescence signal could be attributed to tleerdased refractive index
difference between the optical fiber core and usrainding medium (from
quartz-air to quartz-water), since the decreaskdatitve index difference leads
to the decreased numerical aperture (NA) of thécalptiber, allowing limited
fluorescence signal to be collected and couple# bathe guided mode (Ding
et al., 2018). The gradual slight decrease of linerdéscence intensity before it
totally reached to the steady state was ascribedhéo advancement of
enzymatic reaction process. While the probe wasovewh from the glucose
solution, the fluorescence signal recovered toreaiteextent and then started to
remain steady, which was consistent with the resalFigure 5(a).

We also conducted control experiments by succdgsimeasuring a group of
blank solutions (ultra-pure water) or glucose sohg (Figure S9). In Figure S9(a),

when the probe was taken out of the water aftefiteeimmersion, the fluorescence
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signal intensity restored to a certain level (Ie&glthe incomplete recovery is due to
the probe being not completely dry and still inlighgly wet state). While the probe
was again dipped into water and then removed, Itleedscence intensity gradually
restored and reached to level B (basically parabelevel A), which was quite
different from the glucose detection results (Fgg80(b)). The fluorescence intensity
of the probe was marked as level C after the firster calibration. But when one
glucose concentration measurement was completedjubrescence signal was not
fully restored to initial level C and only reachiedevel D. That is, there was a certain
difference in the fluorescence intensity before aftdr one concentration detection
(41=1¢-1, the difference of level C and D) because of tlheréscence quenching
effect of the CQDs-GOD/CA complex sensitive film glycose. The results in Figure
S9 demonstrated that the change of signal in pwemhas no influence on the
glucose detection.

Since the sensing mechanism of the glucose detedsobased on the
fluorescence quenching, the recorded data of fhoaamece intensity change could be

analyzed by the modified Stern-Volmer equation (&&al., 2012):
I,/ =K [Glucose] + C (1)

wherelp andl are the fluorescence intensities of the fiber@pénsor in the absence
and presence of glucod€,, is the Stern-Volmer quenching constaflycosg] is the
concentration of glucose. The fluorescence intgnsitio lo/l exhibited dependant
relationship with glucose concentration in the mmj 10-200uM as depicted in
Figure 5(c), where the calibration test resultsengescribed by the equation lgfl

=0.00189 Glucose]+1.0809 (R=0.98491) with a detection limit of 6.43/1 (S/N=3).

Figure 5

Although sensors for detecting micromolar conceiung of glucose have been
reported (Jiang et al., 2017; Khan et al., 20184 are still few studies on the trace

detection of glucose. Hence we further used thpayesl fiber-optic sensor to perform

12



glucose measurements at nanomolar level in theerah$0-100 nM (Figure S3). The
calibration curve (Figure S3(a)) is described by tformula of 1¢/1=0.00107
[Glucose]+1.04315 (R=0.95745) with the limit of detection estimated2&%79 nM
(S/N=3), indicating the as-developed fiber sensmviples certain reliability and
feasibility in trace glucose detection. The realdi fluorescence response of the
sensor to glucose was then tested and the homaagmuence diagram was obtained
in Figure S3(b), which is similar to Figure 5(b).e®hwhile, both the slope of the
calibration curve and the correlation coefficiemtFigure 5(c) are bigger than that in
Figure S3(b), demonstrating the fiber-optic sensbows higher sensitivity and
accuracy for detecting high glucose concentrat{opasuM) than detecting lower ones
(i.e. nM).

Additionally, a comparison of performance of typica@ported fiber-optic
glucose sensors and electrochemical glucose seasoummarized in Table S1, in
which the performance parameters include sensingiple/material, detection range,
detection limit, sensitivity and response time todvaglucose. Compared to the
reported electrochemical sensors, the proposedcabpfiber glucose biosensor
exhibits low detection limit and wider dynamic dgten ranges. While it represents
high sensitivity and rapid response to glucose @apared with other fiber-optic
sensors. Overall, the developed optical fiber ghecbiosensor shows satisfactory

integrative performances and certain advantageade glucose detection.
3.4 The comprehensive performance of the optical fiber glucose biosensor

In addition, we also investigated the specificifytioe optical fiber sensor for
glucose vs various typical guest molecules suctuasose, fructose, lactose, glycine,
L-cysteine, alanine, ascorbic acid, uric acid, aodhe common ions like NacCI,
SO, K, c&*, Mg*, F&*, F€*, CU#* as shown in Figure 6, where the interferents
were all at high concentration of 1.0 mM and theécgke concentration was 1M,

Al refers to the fluorescence quenching degrieis the difference between the

fluorescence intensity in the absence and presahitee analyteAl=ly-1). Compared
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with the glucose detection results, these subssamaee insignificant influence on the
fluorescence intensitpf the sensing system, as the fluorescence injecbkiinge
ratios of the sensor toward interferants were miater (41/1<0.075) than that
toward glucose A1/1=0.269), indicating that this fiber-optic glucose biosen#as

relatively high selectivity.

Figure 6

The anti-interference capability is also an impatrtandicator of sensor
performance, since it is reflected in the proximity the detected glucose
concentration to the actual glucose concentratiotiné tested system which contains
glucose and other complex interfering substancese Hhe interference rate (.R.)
was introduced to describe the anti-interferengelbgity of the proposed biosensor.
Generally, the smaller interference rate (I.R) e tinterference test means the
stronger anti-interference ability of the sensodétecting glucose. Considering the
diversity and complexity of the actual detectiowviesnment, we established different
interference systems by introducing a variety ompown interfering substances
(including sugars, amino acids and different iongich are similar to the
composition of human body fluids. The interferetest was then conducted to study
the anti-interference performance of the proposémsdmsor (Figure S4). The

interference rate (I.R.) is calculated by the failog formula:
I.R=(C-C,)/C, 1100% 2

Where C represents the glucose concentration eeltéxt the constructed biosensor,
Co is the actual substrate glucose concentratioru{8) It can be seen that most of
the interfering substances have little influence tba sensor during the glucose
detection, which manifests the fiber-optic glucodsosensor has good
anti-interference capability.

Furthermore, in order to evaluate the stability agpleatability of the biosensor

for glucose detection, we used a separate opthmad $ensor which had been stored at
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4 °C for one month to continuously detect the sameifipglucose concentration (50
uM) for three times. The obtained time sequence rdiag of three independent
detections are basically identical (Figure S5), destrating the sensor possesses
desirable stability and reproducibility with thelaive standard deviation RSD of
2.97% (n=3). Besides, the recovery test was alsducied using human serum (HS)
as the practical samples to verify the performavfcine proposed biosensor. All the
tests were performed in triplicate measurementadalyng different concentrations of
glucose into HS. Here recovery (%) is the ratidhef found glucose concentration to
the added glucose concentration in practical sasnplee results in Table S2 suggest

that the as-prepared fiber-optic biosensor is gffedor the detection of real samples.

4. Conclusions

Integrating the advantages of carbon quantum dpisose oxidase, cellulose
acetate film and large-core quartz optical fibese prepared a CQDs-GOD/CA
complex sensitive film with both enzymatic activisypd fluorescent properties, and
fabricated a novel fiber-optic fluorescent biosenéor glucose by coating the
sensitive film onto the end face of the opticalefibBased on the fluorescence
guenching of the sensitive film, the biosensor rests typical rapid fluorescence
response to glucose, exhibiting not only comparg@gormances with previously
reported sensors but also high selectivity, refdieiiaand anti-interference ability for
continuous real-time detection of low concentratglncose. It is believed that the
fabrication of this biosensor could promote theaedepment of fluorescent fiber-optic
glucose sensor. More importantly, the proposed dnissr provides a promising
application for glucose trace detection in some merm environments including
environmental monitoring, food analysis and bioroebfields.

Despite that the feasibility and reliability of thgoposed biosensor for trace
glucose detection have been verified since it iddseows fluorescence response
toward glucose at nanomolar level, the exactnessitivity and detection limit of the

sensor in the quantitative analysis of trace glaare still restricted due to the small
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difference of fluorescence signal change. Therefarethe future work, we will
devote to the performance optimization of the @ptiiber sensor through the

improvement of signal collection system and thearation of the sensing probe.
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Figure captions

Figure 1. The schematic diagram of the optical fiber sepsatform.

Figure 2. The fluorescence emission spectra of the CQDs-@BDtomplex
sensitive film, the CQDs-GOD complex and the CAmfil respectively. Inset:
photographs of the CQDs-GOD/CA complex sensitiVa finder daylight (left) and
365 nm ultraviolet lamp (right).

Figure 3. AFM images of the CQDs-GOD/CA complex sensitivenfi

Figure 4. FESEM images of the CQDs-GOD/CA complex sensifive. Inset: the
partial enlarged detail of the marked area.

Figure 5. The fluorescence spectra of the optical fiber semsahe presence of
glucose solution with different concentrations riaggfrom 10 to 200uM (a). The
glucose detection time sequence diagram (b). Thigra&on curve of the optical fiber
sensor for the determination of glucose (c).

Figure 6. The effect of different interferents on the fluszence of the optical fiber

sensordl refers to the difference betwekrandl.
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Highlights

® Fluorescent CQDs-GOD/CA complex sensitive film with enzymatic activity was
prepared.

® A nove fiber-optic glucose fluorescent biosensor based on the film was
devel oped.

® The glucose detection mechanism is based on fluorescence quenching of the
biosensor.

® The sensor shows rapid response, high selectivity, repeatability, anti-interference.

® Theoptical fiber biosensor exhibits the feasibility of detecting trace glucose.
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