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ABSTRACT: A simple fluorescence turn-on sensor has been medidor the highly
sensitive detection of glycoproteins on the basisasonic acid functional polymer capped
Mn-doped ZnS quantum dots (QDs@MPS@AAPBA). In theeace of glycoproteins, the
fluorescence emission intensity of the QDs@MPS@AARWs relatively weaker due to
the effective electronic transfer from the QDshe boron moieties on its surface. While the
glycoproteins were introduced into the system, bBwiaus fluorescence enhancement was
observed. It was attributed to the boron moietievatent binding glycans of the
glycoproteins resulting in the electronic trangfeocess being inhibited. Under the optimal
conditions, this fluorescent probe not only coutdapplied in a wide pH range of 5.0-9.0,
but also the binding constants and detection linwtsthe QDs@MPS@AAPBA for
horseradish peroxidase (HRP) and transferrin (W&t up to 7.23xToM™, 1.53x16 M™
and 1.44 x18° M, 3.36x10"° M, respectively. Finally, this proposed method ko been
utilized for the TRF determination in serum with@uty complicated pretreatment and the
recovery was in the range of 95.7%-103.0%. As altres is promising for application on

the glycoproteins detection in complex biologicainples.

Keywords. Mn-doped ZnS quantum dots; fluorescent sensor;-agarnboronate affinity;

glycoproteins
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1. Introduction

Glycoproteins, composed of glycosyl (oligosaccharichains) and proteins, play an
important role in biological process such as mdecrecognition, cellular immune response
and cell regulation [1]. The abnormal expressiomglgEoproteins is associated with various
diseases such as hepatocellular carcinoma, Alzhsidisease and cancer and so on, so a
large variety of glycoproteins are of great sigrafice in clinical diagnostics [2]. For
example,a-fetoprotein-L3, MUC1 mucin andl-acid glycoprotein are often employed as
the biomarkers for liver cancer, breast cancer reaplasia, respectively [3-6]. However,
owing to glycoprotein biomarkers with the low contrations in crude biological samples as
well as high background of interfering species vhitgjh abundance in the sample matrix, the
limited concentrations are hard to be efficientigetted. As a consequence, highly selective
and sensitive analytical approaches for the smed#tection of glycoprotein biomarkers in
real-world applications have driven researchersemamd more attractive. Fluorescence
sensing has been attracted much attention duestéast response, high sensitivity and
selectivity [7,8]. Recently, Chen et al. develogedluorescence turn-off system based on
CdTe QDs for detecting the enzymatic activitywef-fucosidase with the detection limit of
0.01 U L* [9]. Gao et al. reported a fluorescent probe baseenergy transfer between
CulnS QDs-Con A and rhodamine B-NHjlu for the detection of TRF and glucose oxidase
(GOXx) [10]. Zhang et al. described a novel fluoezsxe probe based on increased polarity of
C-B bonds for monitoring hydrogen peroxide in liyicells [11]. Li et al. synthesized a
fluorescence turn-off sensor based on 3-aminopbenyhic acid functionalized copper
nanoclusters for the detection of glycoproteing.[Tang's groups reported the fluorescence
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nanosensors based on molecularly imprinted polyniigi®s) and boronate affinity for

monitoring glycoproteins [13,14]. In spite of higklectivity, not only most of the biological

materials (lectins, antigens et al.) are expenbivelack of fluorescence turn-on probe is
observed. Therefore, a simple and low-cost fluaese turn-on sensor with a more
sensitive and selective detection of glycoprot&rsghly desirable.

It is well-known that boronic acids can reversibbpvalently bind sugars and
glycoproteins containingis-diols via forming five or six membered cyclic astén an
alkaline solution. However, the cyclic esters wisociate when the ambient pH is switched
to acidic [15,16]. In recent years, boronate dffimias gained an increasing attention due to
its significant applications in glycoproteins sewgi[16-21] and separating [22-25]. As
glycoproteins and sugars are valuable enough inlogyo and clinic, boronate
affinity-mediated fluorescent sensors are of giegtortance. In comparison with other
fluorescent probes, boronic acid functionalizesfescent probes take advantages of better
water solubility [26], higher selectivity [27,28hd sensitivity [29]. Recently, boronic acid
functioned fluorescent sensors have been repantadiéw papers. Anslyn’s group designed
and synthesized a boronic acid porphyrin recepborginsenoside sensing [30]. Zhou'’s
group reported phenylboronic acid modified CdTe/@ZhS Quantum Dots for intracellular
glucose probing [31]. Strano’s group describedeally of 30 boronic acid derivatives with
forming complexes with sodium cholate suspendedyleiwalled carbon nanotubes
(SWNTSs) to reversibly report glucose binding vialteange in SWNT fluorescence [32].
Xia's group fabricated boronic acid functionalizedrbon dots by one-step strategy for
fluorescent blood sugar sensing [33]. Jiang’s grprgpared a fluorescence probe based on
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boronic acid functionalized aza-bodipy for the gse of glucose in whole blood [34].
Despite the significant advances, fluorescence gwdimsed on boronate affinity for the

analysis and detection of glycoproteins are sl fill now.

Previously, we had designed and prepared a fluenescturn-on biosensor based on
mercaptophenylboronic acid (MBA) capped ¥ZnS QDs for the sensitive determination
of transferrin (TRF), and the limit of detection svabout 5.69 nM [35]. Inspired by this
observation, we have synthesized boronic acid fonat polymer capped Mn-doped ZnS
QDs (QDs@MPS@AAPBA) for the fluorescent detectidngtycoproteins in this work
(Scheme 1). Compared with our previous report, mor@acid polymer, designed as the
fluorescent receptor, was expected to induce a mioveus fluorescence enhancement due
to its more boron moieties in the presence of glyoteins. Herein, transferrin and
horseradish peroxidase, as models of glycoproterese introduced to evaluate sensitivity
and selectivity of the probe. Transferrin, a molacmass of 77 kDa, is a single polypeptide
chain glycoprotein of 670-700 amino acids, andeisponsible for iron transport in serum
[36,37]. Horseradish peroxidase, a glycoproteimwiblecular mass of 40 kDa, is composed

of colourless zymoprotein and brown ferriporphy38].

2. Experimental
2.1. Materials

Horseradish peroxidase (HRP) (MW-40 kDa), trangiefTRF) (MW-77 kDa), bovine
serum albumin (BSA) (MW-68 kDa), cytochrome C (CY(MW-12 kDa), and lysozyme

(LYzZ) (MW-14 kDa) were purchased from Sigma-AldriqySA). a-D-gluocose and
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101  a-D-fructose were purchased from Heowns Biochem L({@njin, China). Zinc sulfate
102  hepahydrate (ZnS£YH,O), manganese sulfate tetrahydrate (Mp8B,0), sodium sulfide
103  nonahydrate (NaSH,0), sodium chloride (NaCl), magnesium chloride (MgCcalcium
104  chloride (Cad)), potassium chloride (KCI), sodium bicarbonate KI€&s;) and ammonium
105  hydroxide (NH-H2O) were all obtained from Tianjin Chemical Reag€nmpany (Tianjin,
106  China), which were used directly without further  rifoation.
107  Mercaptopropyltrimethoxysilane (MPTS), (3-(methdcry)propyl)trimethoxysilane (MPS),
108  3-aminophenylboronic acid (APBA) and acrylchloridere obtained from Tokyo Chemical
109 Industry (Japan). Other reagents were of analytijrable or betterUltrapure water was
110  prepared with a Milli-Q water purification systeMi(lipore, Milford, MA, USA).

111 2.2.Instruments and characterizations

112 The crystal structure of prepared QDs@MPS@AAPBA watermined by an X-ray
113  diffractometer (XRD). The XRD pattern of each saeplas recorded with a Shimadzu
114 (Japan) D/Max-2500 diffractometer, using a monogtatized X-ray beam with
115 nickel-filtered Cu ku radiation. The XRD patterns were collected in iiege of 8 < 20 <
116  80° with a dwelling time of 2 s and a scan rate of &h™. The size and morphology of the
117 QDs@MPS and QDs@MPS@AAPBA were measured by a JEM-2IL00 transmission
118  electron microscope (TEM). The QDs sample dispemsadtrapurewater was cast onto a
119 carbon-coated copper grid sample holder followedelbgporation at room temperature.
120  X-ray photoelectron spectroscopy (XPS) measuremeets performed with an ESCALAB
121 250 spectrometer (Thermo-VG Scientific) with uligihvacuum generators. The responses
122 with TRF and HRP of the prepared QDs@MPS@AAPBA vadriained by using a FL-4500
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spectrophotometer (Shimadzu, Japan). Fourier wamsinfrared (FT-IR) spectra (4000-400
cm?) in KBr were recorded using the AVATAR 360 FT-IRestrophotometer (Nicolet,
Waltham, USA).

2.3. Synthesis of MPTS modified Mn-doped ZnS QDs (QDs@MPTYS)

The synthetic routes of MPTS-capped Mn-doped ZnS @Bre similar to the literature
mentioned previously [39]. ZnSGH,0 (3.6 g, 12.5 mmol) and Mng@H,0O (0.22 g, 1.3
mmol) were dissolved in 40 mL ultrapure water i 0L three-necked flask, stirred under
argon at room temperature for 10 min, and then dd@emL aqueous solution containing of
NaS9H,0 (3.0 g, 12.5 mmol). After stirring for 30 min, HiL absolute ethanol containing
of 200 uL MPTS was added into the solution and then keptirgy for 20 h. Finally, the
product was precipitated with absolute ethanol,assed by centrifuging, washed with
ultrapure water and absolute ethanol for threegjraad dried in vacuum for 8 h.

2.4. Synthesis of MPS modified Mn-doped ZnS QDs (QDs@MPS)

The MPS modified QDs were synthesized referringh® procedure described in the
paper [40]. To a 100 mL round-bottomed flask, QDsEINS (0.2 g) were monodispersed in
the mixture of 50 mL kD-ethanol (v/v, 10 mL/40 mL) with ultrasound ab@&@® min, and
then NH-H,O (1.5 mL) and MPS (0.5 mL) were added. The mixtwas kept under
magnetic stirring for 24 h at 60C. At last, the obtained mixture was separated by
centrifuging and washed with ethanol to removeakeess MPS and then dried in a vacuum
oven at 40 °C overnight.

2.5. Synthesis of boronic acid polymer functionalized QDs (QDsS@MPS@AAPBA)
The core-shell structured QDs@MPS@AAPBA was prapana a one-step sol-gel
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polymerization technique. Typically, QDs@MPS (10§)rwas monodispersed in methanol
(40 mL) in a dried 100 mL single-necked flask. THE0 mg 3-acrylaminophenylboronic
acid (AAPBA) and 40 mg 2;zazodiisobutyronitrile (AIBN) were added to the ¢ea. The
mixture was kept under magnetic stirring for 24 h 6® °C. Finally, the obtained
QDs@MPS@AAPBA composites were collected by cergnifg separation and washed
with methanol three times in order to eliminate esscmonomers and oligomers, and then
dried at 40 °C in a vacuum oven.
2.6. QDs@MPS@AAPBA for glycoproteins analysis

For determination of glycoproteins, QDs@MPS@AAPBEA (mg) was dispersed in 20
mM phosphate buffered saline (PBS) (pH 9.0) andtell to 500 mL volumetric flask.
Subsequently, various concentrations of TRF fromt6.5.0 uM and HRP from 0.0 to 2.0
UM separatelyn 1 mL 100 mg [ QDs@MPS@AAPBAsolution and incubated for 2 h in
an incubator shaker at room temperature. The solsitwere analyzed by fluorescence
spectrophotometer with the excited wavelength @& B8, the voltage of 950 V, and slit 10,
10.
2.7. Selectivity of QDsS@MPS@AAPBA to glycoproteins determination

HRP, BSA, LYZ, CYT, a-D-glucose,a-D-fructose anda-D-mannose were selected as
analogues to evaluate the selectivity of QDs@MPS®BA to glycoproteins. Each of
QDs@MPS@AAPBA solutions (1 mL 100 m@')Lin 2 mL tubes, containing TRF (1.0 pM),
HRP (1.0 uM) or other analogues (10.0 uM), werailliated for 2 h at room temperature,
and then characterized by fluorescent method. Hspanses to glycoproteins and the
analogues on QDs@MPS@AAPBA were compared.
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2.8. Anti-interference ability of QDsS@MPS@AAPBA for TRF in a simulated physiological
condition

QDs@MPS@AAPBA solutions in the presence of 1.0 pMFTand 10.0 pM its
interfering substances which all coexist in huméwoth, were incubated for 3 h at room
temperature, respectively. Competition events waiso monitored by fluorescent
spectrophotometer, and all tests were conductétpiicate.
2.9. Determination of TRF in serum sample

Fetal bovine serum (FBS) was selected for spikedpgaanalysis. First, 1 uL FBS was
diluted 100 times with 20 mM phosphate buffer contgy 100 mg [
QDs@MPS@AAPBA (pH 9.0). Then 0.2-0.8 uM standatdtgmns of TRF were added to 1
mL of diluted FBS solution in 2 mL plastic tubesspectively. The tubes were shaken on a
rotator for 2 h at room temperature. Finally, th@usons were directly analyzed by
fluorescent spectrophotometer.
3. Resultsand discussion
3.1. Preparation and Characterization of QDs@MPS@AAPBA

QDs@MPS@AAPBA sensor was constructed based onthbatin-doped ZnS QDs as
the core which plays a role in luminescent anterfoaescognition signal amplification and
optical readout, while the polymer layer as thdlgirevides selectivity of glycoproteins and
prevents interfering molecules from being closehe QDs core. In this work, we have
synthesized the QDs@MPS@AAPBA in Scheme 1.

The size and morphology of the obtained QDs@MPS @QDe@MPS@AAPBA under

the experimental condition was characterized by TEN. 1A revealed that the silica layer
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was successfully coated on the surface of Mn-ZnS.Qly. 1C showed the morphology of
QDs@MPS after boronic acid polymer modification.eTsilica and boronic acid polymer
shell resulted in the morphology difference between QDs@MPS and
QDs@MPS@AAPBA (Fig.1A, 1C). 1t is clearly observdtht the crystal lattice fringe
with a spacings of 0.279 nm from the HRTEM images @Ds@MPTS and
QDs@MPS@AAPBA (Fig. 1B, 1D) , which can be assigteethe (111) plane of Mn doped
ZnS gquantum dots and the diameter of Mn-ZnS QRbaut 3.3 nm. The crystal structure of
lattice Mn-ZnS QDs kept unchangeable during theassénd polymerization modification.
The XRD pattern of all Mn-doped ZnS QDs exhibitedubic structure with peaks for
(111), (220) and (311) planes in Fig. 2A. It is gested that the crystalline lattices of
Mn-doped ZnS QDs are pretty integrated. FT-IR gpeaf QDs, QDs@MPS and
QDs@MPS@AAPBA are exhibited in Fig. 2B. As for iR@s@MPS, the strong band at
1114 cni is Si—O-Si stretching vibration, 3423 ¢ris —OH stretching vibration, and 1645
cm’is the C=C deformation vibration. As for the QDs@B@AAPBA, the peak at 1300
cm? is attributed to the characteristic band of B—92% cnmi'is C—H stretching vibration,
1708 cmt is C—O stretching vibration and 1400 tnis C-N stretching vibration. The
disappearance of 1645 ¢mevealed that the polymerization reaction has éapg. The
XPS spectra of the as-prepared QDs@MPS@AAPBA vemarded to analyze the chemical
compositions and gain more structure informatios. @&an be seen from Fig. 2C, the
elements of Zn, S, N, C, Si, Mn, B and O could bsenved. In the high-resolution B 1s
spectrum of QDs@MPS@AAPBA (Inset in Fig. 2C), tlealpat 188 eV is attributed to the
B-O bond. In Fig. 2D, the fluorescence spectra Ds@MPS@AAPBA overall exhibit a

10/31



211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

weak blue and short-lived emission centre at 450doen to the defect-related emission of
the ZnS QDs, and a strong orange and long-livedsgon around 610 nm owing to the
dopant-related Mt doped ZnS QDs. However, it is obvious that therfiscent emission
intensity of QDs@MPS@AAPBA dramatically decreasesBesides, it is observed
significantly that the fluorescence of QDs turnenirorange to pink after polymerization of
AAPBA.
3.2. Fluorescence sensing of glycoproteins using QDs@MPS@AAPBA

To confirm the ability of the described sensordastively detect target glycoproteins and
the interactions between QDs@MPS@AAPBA and glyceme, TRF and HRP as the
models of glycoproteins were conducted in all expents. As shown in Fig. 3A, the
fluorescent spectra of QDs@MPS@AAPBA in the present a series of different
concentrations of TRF were measured, and the sedigplayed a significant variation of
fluorescence emission in the presence of 0.0 UMW TRF. It is observed that the
fluorescence intensity increased gradually as ttecentrations of TRF increase. The
fluorescence changes mechanism of biosensor farrdetation of glycoproteins can be
described as follow. The boronic acid groups onstinéace of the quantum dots are electron
deficient. Therefore, the electrons in the excistéate of the quantum dots jump into the
empty orbit of the boronic acid groups instead etuming to the ground state, which
weakens the intensity of fluorescence emissiorerAftnding with the cis-diols groups in the
TRF / HRP, the boronic acid groups changed frofmtspsg hybrid orbital with a octet
structure which blocked the electron transfer frquantum dots to boronic acid groups and

caused enhancement of fluorescence intensity. Aetim Fig. 3A depicted, when the
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concentration of TRF was up to 1.0 uM, the fluoee®e emission intensity reached the
peak with a significant enhancement about 9.5-faitthin 30 min (Fig. S1, Supplementary
Material). Fig. 3B depicted that the linear rangaswirom 0.4 uM to 0.9 uM for TRF
detection, and the binding constar) pbetween QDs@MPS@AAPBA and TRF was
calculated to be 1.53x104?, according to the equation AF/Fy = k Crre [41], Where Gre
was the concentration of TRF in QDs@MPS@AAPBA solytAF = F-k, and F and §
were the fluorescent intensity of QDs@MPS@AAPBAla presence and absence of TRF.
Similarly, the fluorescence emission of QDs@MPS@ABARN presence of HRP from 0.0
MM to 2.0 uM was also increased around 5.0-folBign 3C and its inset, the linear range of
HRP determination was 0.3-0.7 uM shown in Fig. 8B4 the binding constark)(between
QDs@MPS@AAPBA and HRP was estimated to be 7.23%18 The good combination
between the boronate of QDs@MPS@AAPBA and sialglaigcans of TRF or HRP
forming five or six membered lactone ring is basadhe mechanism of boronate affinity in
alkaline conditions. The limit of detection of TRRd HRP from the standard deviation three
times corresponding to the blank sample detectias measured to be 1.445faM and
3.36x10' M, respectively (Fig. S2, Supplementary Materi@b).the best of our knowledge,
the detection limit in this work is 10 to 200 timkesver than those of fluorescent probes
(Table 1) [12, 21, 35, 42, 43]. The fluorescencassimon of QDs@MPS@AAPBA in the
absence of TRF or HRP, is relatively lower duelézteon deficiency of the QDs composite
induced by the electron transfer from the QDs te Hioron moieties. When the boron
moieties of QDs@MPS@AAPBA coordinating with TRF HRP, becomes negatively
charged, the electron transfer between the QDgrentdoron moieties is blocked, leading to
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a loss of quenching efficiency and an obvious enbarent in fluorescence intensity.
3.3. Selectivity of the QDs@MPS@AAPBA

To identify the selectivity of the QDs@MPS@AAPBAr fthe glycoproteins, compared
with sugars such as glucose and fructoses-diol-containing compounds), and
non-glycosylated proteins such as BSA, CYT and L¥&, fluorescent signals of detection
TRF and HRP were conducted in 20 mM PBS (pH 9.0y. BA demonstrated that
fluorescence emission of QDsS@MPS@AAPBA in presesicé.0 uM for either TRF or
HRP exhibited an obvious turn-on about 9.5-fold &r@Hold, respectively. However, there
was just slight enhancement in the presence of\l@gu non-glycosylated proteins and also
a little decrease for 100 uM sugars on the flu@esemission of QDs@MPS@AAPBA.
Although there are definite interactions between the friecmsd boron moieties, the steric
hindrance of fructose is small, which can causeegaion-induced fluorescence quenching
after binding with QDs@MPS@AAPBA. As a result, islithose glycoproteins, the sugars
did not induce the fluorescent emission enhancemie@Ds@MPS@AAPBA. As a result,
it revealed that QDs@MPS@AAPBA had a high spetyfitd glycoproteins. Besides, the
anti-interference ability of QDs composites to glymteins was also employed in the
presence of non-glycosylated proteins (BSA, CYT &aNd&) or some relevant particles
(glucose, Nj K*, c&*, Mg*, CI, HCO;) which mainly exist in human serum. It is
suggested that there existed no influence on thectien of TRF even at relatively high
concentrations except Naand Cl in Fig. 4B. The fluorescence intensity of the
QDs@MPS@AAPBA in presence of TRF decreased to saxint when high
concentration of Na(142 mM) or C1(100 mM) was being introduced into the solutioheT
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weakened fluorescence emission of QDs@MPS@AAPBA lmrattributed to not only

interactions between the ligands on the surfac®@@$@MPS@AAPBA and ions, but also
the Coulomb potential of ions displacing the wauactions of the electron and hole
confined inside the QDs [44,45]. As a result, digates that QDs@MPS@AAPBA can be
applied to detect the level of TRF in human serwhich is of great importance to the
disease diagnosis.

The influence of pH on fluorescent response tocQEBs@MPS@AAPBA in the presence
or absence of TRF was also assessed. As showry.irbfFover a pH range of 5.0-9.0, no
significant fluorescence changes were observe@s@MPS@AAPBA alone, while there
was an obvious fluorescent intensity enhancemetitepresence of 1.0 uM TRF. The result
indicated that the QDs@MPS@AAPBA can be utilizedaasoptical biosensor for the
detection of glycoproteins within a wide pH sparbdi-9.0.

3.4. QDsS@MPS@AAPBA for selective detection of TRF in serum

To demonstrate the potential application of QDs@KMPAAPBA to the complex
biological samples, the detection of TRF in fetaline serum (FBS) by the as-prepared
QDs@MPS@AAPBA was conducted and the results wengciel in Table 2. The
concentrations of TRF (0.5 to 0.8 uM) were spikeio ithe serum diluted to 100-fold, and
the recovery was 95.8%-103.0%. The results sugdjebtd this sensor has great potential

for determining the glycoproteins concentratiowamplex biofluids.

4. Conclusion
In this work, a new fluorescent turn-on sensor fglycoproteins based on
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QDs@MPS@AAPBA has been fabricated. The use of lavesaffinity interaction shows
good selectivity and sensitivity for the detectafirglycoproteins, and it has the potential for
the determination of glycoproteins in complex bgtal samples without interference from
background and other components. The limit of deteef TRF or HRP is lower down to
be 10'° M in aqueous solution, and the QDs@MPS@AAPBA canitiized as an optical
biosensor for the detection of glycoproteins withimwide pH span of 5.0-9.0. These results
demonstrate that QDs@MPS@AAPBA is promising for liappon to serum using
fluorescent detection.
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Figure Captions:

Scheme 1 Schematic illustration of the preparation procedui@ boronic acid polymer
functionalized Mn-doped ZnS QDs.

Fig. 1 TEM images of the prepared QDs@MPS (A) and QDs@®RBPBA (C); HRTEM
images of QDs@MPS (B) and QDs@MPS@AAPBA (D).

Fig. 2 The XRD patterns of QDs, QDs@MPS and QDs@MPS@AAPBAFT-IR of QDs,
QDs@MPS and QDs@MPS@AAPBA (B); XPS of QDs@MPS@AAPEA; and FL
spectra of QDs@MPS and QDs@MPS@AAPBA (D) (The isketvs a photograph of the
QDs@MPS (a) and QDs@MPS@AAPBA (b) in 20 mM PBS @) under irradiated by
285 nm light).

Fig. 3 TRF (from bottom to top: 0.0, 0.1, 0.2, 0.3, @4, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 3.0
uM) (A) and HRP (from bottom to top: 0.0, 0.1, 0023, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5,
20 uM) (C) concentration dependent on fluorescent domss spectra of
QDs@MPS@AAPBA in 20 mM PBS (pH 9.0). The correspogglots of A F/Ry against
the concentration of TRF (B) and HRP (D), respetjyiv Binding constants of
QDs@MPS@AAPBA and glycoproteins were fitted acaogdio the linear equation (inset
of B) and (inset of D). The error bars representee standard deviations of three
independent experiments.

Fig. 4 (F-Ry)/Fo of QDs@MPS@AAPBA in the presence of TRF, HRP treptanalogues.
The concentration of analyst is 1.0 uM for both T&t HRP, 10 uM for BSA, CYT and
LYZ, 100 pM for glucose and fructose, respectivéhy). Change ratio (F-j/Fo of
QDs@MPS@AAPBA upon the concentration of 1.0 uM TiREhe presence of background
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461  particles of glucose (100 uM), NgL42 mM), K (5 mM), M¢f* (2 mM) C&* (3 mM), CI
462 (100 mM) HCQ (25 mM), BSA (10 uM), CYT (10 uM) and LYZ (10 uMyhe amount of
463 QDs@MPS@AAPBA is 100 mgtin 20 mM PBS (pH 9.0) (B).

464  Fig. 5 The pH-dependent fluorescent intensity change®QDE@MPS@AAPBA in the
465 presence and absence of 1uM TRF.
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495  Table 1. Comparison of the proposed method with the otleponted methods for determination of

496  glycoproteins.

497
. I 498
Method Detection limit (nM) [Refs.]
boronic acid quinoline modified
2.6 [12]
Pemaeoma beads
APBA-Cu NCs 20 [21]
BSPA 10 [42]
MBA@QDs 5.69 [35]
QDs-AuNPs 0.94 [43]
QDs@MPS@AAPBA 0.14 This work

30/31



499  Table 2. Recovery (meanzts; n=3) for the determination oFTiRthe serum samples.

TRF spiked TRF found
Samples concentration concentration Recovery (%)
(107 M) (107 M)
bovine serum 1 5.000 6.800+0.2 103.6:0.3
bovine serum 2 6.000 7.700:0.1 101.70.1
bovine serum 3 7.000 8.300+0.2 95.740.1
bovine serum 4 8.000 9.200+0.5 95.8+0.5

500
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Highlights

* A simple fluorescence turn-on sensor based on boronic acid polymer capped Mn-doped
ZnS quantum dots for the highly sensitive detection of glycoproteins.

* Thelimit of detection of the selected glycoproteins was lower than 0.1 nM.

*  The sensor could be applied in awide pH range of 5.0-9.0.

* High selectivity and anti-interference ability in TRF detection in serum.



