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A label-free fluorescence biosensor for highly sensitive detection of lectin based on

the integration of carboxymethyl chitosan, CulnS, quantum dots and gold

nanoparticles

hv

CulnS; QDs
High FL

hv

CM-CHIT-QDs

o High FL

& =2
> g/
. AONE
S %05
& % 5
T hv' 7 hv

“\.r }'»1

13 &2 3 A} ultivalen
o o 6) - :::o o ) :l:ga]::'-pll'ot:m

77 3\3 XU{ binding

FL Ehanced
Signal OFF Signal ON

g + CulnS; QDs + AuNPs

- 9

%o : cmcuir Sy

W« +  Concanavalin A (Con A)
o i CM-CHIT-QDs




A label-free fluorescence biosensor for highly sensitive
detection of lectin based on car boxymethyl
chitosan-quantum dots and gold nanoparticles

Ziping Liu?, Hua Lilf, Lei Wang and Xingguang Su
®Department of Analytical Chemistry, College of Clstry, Jilin University, Changchun 130012,

P.R. China

*Corresponding author

Tel.: +86-431-85168352

E-mail address: suxg@ijlu.edu.cn



Abstract

In this work, we report a novel label-free fluoresce “turn off-on” biosensor for lectin
detection. The highly sensitive and selective sensystem is based on the integration of
carboxymethyl chitosan (CM-CHIT), Culpa$uantum dots (QDs) and Au nanoparticles (NPs).
Firstly, Culng QDs featuring carboxyl groups were directly sysithed via a hydrothermal
synthesis method. Then, the carboxyl groups orCtleS QDs surface were interacted with the
amino groups (-Nk), carboxyl groups (-COOH) and hydroxyl groups (JOMthin CM-CHIT
polymeric chains via electrostatic interactions drydlrogen bonding to form CM-CHIT-QDs
assemblies. Introduction of Au NPs could quench fiherescence of CM-CHIT-QDs through
electron and energy transfer. In the presence cinlelectin could bind exclusively with
CM-CHIT-QDs by means of specific multivalent carpdrate-protein interaction. Thus, the
electron and energy transfer process between CMFCHIIs and Au NPs was inhibited, and as a
result, the fluorescence of CM-CHIT-QDs was effegi “turned on”. Under the optimum
conditions, there was a good linear relationshigvben the fluorescence intensity ratig (fland
lo were the fluorescence intensity of CM-CHIT-QDs-MBs in the presence and absence of lectin,
respectively) and lectin concentration in the ranf).2-192.5 nmol-t, And the detection limit
could be down to 0.08 nmol*L Furthermore, the proposed biosensor was empléyedhe

determination of lectin in fetal bovine serum saesplith satisfactory results.

Keywords: Fluorescence biosensor; Lectins; Cuyln@Ds; Au NPs; Carbohydrate-protein

interactions



1. Introduction

Lectins are proteins or glycoproteins of nonimeaamigin that come from plants, animals or

microorganisms. They are capable of binding abtiitymono/oligosaccharides as well as sugar

residues in cell walls/membranes with a high degreestereospecificity [1-2]. The specific

carbohydrate-protein interactions mediate many maod physiological and patho-physiological

processes in living organism, such as bacterial amdl infections, cancer metastasis,

inflammation, and immune surveillance [3]. Therefdheir study has attracted great attention due

to their significance in understanding the impadrtémlogical processes and in developing

biosensors for clinical diagnostics and drug dgwelent.

Up to now, there are many assays for lectins dfieation and/or detection because of their
important functions including cell-cell interactmn homing of leukocytes, host pathogen
interactions, biosynthesis and quality control dfcgproteins, malignancy and metastasis [4].
They also find applications in bioanalytical cheimyisand molecular biology [SAssays for
lectins based on the principle of carbohydrateginotinteraction are routinely realized by
agglutination inhibition assays [6], enzyme-linketmunosorbent assay (ELISA) [7], colorimetry
[8-9] or surface plasmon resonance (SPR) [1L0Rd}. most of these analytical methods are
time-consuming, expensive, and must be manipuldtedirained personnel. Moreover, the
conventional approaches relying on the monovalariighydrate-protein interaction are generally
weak and involve low sensitivity [12]. So far, gredforts have been devoted to overcome such

shortcomings.

Recently, there are exciting findings that the weakbohydrate-protein interactions can be

effectively strengthened by presenting multiplatids to their respective binding proteins [13-14].

Several works have proved that the resulting pdgntainteractions between the multiple ligands

and proteins are much stronger than the correspgnanonovalent carbohydrate-protein

interactions [15-16]However, tedious procedures for preparing the dévigs of carbohydrate,
3



complicated detection facilities, controlled stgriconditions are involved in these methods,
which severely restricted their extensive applarai for sensitive and rapid lectin detection. In
addition, many sensing systems required labelingcemures, which are usually laborious,
cumbersome, and error-prone [17]. Thus far, dewegppast, facile, label-free, cost-effective
glycotechnologies and biosensors with high seriitior lectins detection still remains a great
challenge.

For high-throughput and easy operation homogendetection of proteins, QDs-based assays
are promising alternatives to circumvent some efftinctional limitations encountered by protein
arrays and suspension arrays due to their unigeetreloptical properties and photophysical
features, like high quantum yields, long fluoreseetifetimes, higher brightness and stability
against photobleaching, broad absorption spectrpled with narrow photoluminescent emission
spectra [18-19]Currently, QDs integrated with biomolecules haveaated great interest for
advanced biological applications in biosensing, icsddiagnostics, cell imaging, and gene
delivery [20-21]. But the applications of QDs teethlinical field have been hampered owing to
their high toxicity. Regular QDs-based reports fa@used on the cadmium-based QDs that are
toxic to biological systems, chemical and photodiahdisturbances, and eventually would cause
serious environmental problems due to the leakédgadmium [22].

With regard to this, two main approaches have leeployed to reduce the toxicity of QDs.
One is to cover non-toxic substance, such as sliedl, and the other is to develop novel QDs
without heavy metal ions. In recent years, the gewinerging I-1ll-VI CulnSg QDs are
particularly impressive because they do not cordaintoxic class A elements (Cd, Pb, and Hg) or

class B elements (Se and As) [23-24]. Moreovern&QDs are near-infrared region (NIR) QDs



(generally wavelengths650 nm), and can operate in the NIR and avoid fertence from

biological media, mainly tissue autofluorescencel acattering light [25]. Despite of great

explorations of NIR fluorescence sensors in thigl fté biological imaging, the NIR fluorescence

sensors for the determination of complex analydesh as protein molecules, are still a highly

desirable research objective [26].

Herein, we report a facile near-infrared label-fileerescence “turn off-on” biosensor for lectin

detection based on the integration of CM-CHIT, Gi@Ds and Au NPs. Concanavalin A (Con

A), widely exploited for studying carbohydrate-iestinteractions, is chosen as a modle lectin to

demonstrate proof-of-concept of the methodologyn Boexists as a tetramer at neutral pH and

binds exclusively witha-glucose, a-mannose and their derivatives containing mannos® a

glucose residues [27,28]. CM-CHIT, a water solubldtosan derivative, is composed of

N-acetyl-glucosamine that can specifically recognion A by means of specific

carbohydrate-ConA interaction. Noteworthy, the aomgmnoups (-NH), carboxyl groups (-COOH)

and hydroxyl groups (-OH) within CM-CHIT chains caerve as electrostatic interaction and

hydrogen bonding sites [29]. In addition, CM-CHIB@possesses many attractive physical and

biological characteristics, such as high hydrophiliow toxicity, good biocompatibility and

biodegradability, which facilitate CM-CHIT a prorimig modification material [30-31].

Integration of Au NPs can significantly quench tth@orescence of CM-CHIT-QDs through

electron transfer and energy transfer between CNIFC}Ds and Au NPs. Electron transfer and

energy transfer can be inhibited by specific protarbohydrate interaction between

CM-CHIT-QDs and ConA, and the quenched florescafc@ M-CHIT-QDs is greatly recovered

in the presence of ConA. To the best of our knogdedthis label-free and Au NPs



quenching-based lectins assay using CM-CHIT-QDsdeasloped for the first time.

2. Experimental section
2.1 Materials and apparatus

All chemicals and reagents were of at least aicalyreagent grade and used as-received
without any further purification. Copper (ll) chide dehydrate (Cu@l2HO), indium ()
chloride tetrahydrate (Ing4H,0), sulfourea (CS (NEJ,), mercaptopropionic acid (MPA), Con A,
acid phosphatase (ACP), adenosine-5'-triphosphfaii€); trypsin (Try) and carboxypeptidase Y
(CPY) were purchased from Sigma-Aldrich Corporatiddhloroauric acid (HAuG) was
purchased from Acros Organics. Bovine serum albufB®BA), pepsin (Pep) and human serum
albumin (HSA) were obtained from Sino-American RBtnology Co. Ltd. Lysozyme (Lyz) was
purchased from Genview. Heparinase (Hep) was psechérom Si Qing Yuan Biotechnology
(Beijing). CM-CHIT, sodium hydroxide (NaOH), sodiudehydrogenized phosphate (N&y),
disodium hydrogen phosphate @N&®O,), sodium phosphate (BRO,) and the other chemicals
used were all purchased from Beijing Dingguo Chhagg Biotechnology Co. Ltd. The water
used in all experiments had a resistivity highentti8 M- cmi’.

All the fluorescence measurements were performed eonShimadzu RF-5301 PC
spectrofluorophotometer (Shimadzu Co., Kyoto, Japeguipped with a xenon lamp using
right-angle geometry. A 1 cm path-length quartz ettesr was used in all experiments. The
hydro-thermal synthesis experiments were accongadish a JCZ-JL intelligent digital display
drum wind drying oven. The ultrasonic processes vaseeded on a KQ2200 ultrasonic cleaner

(Ultrasonic instrument Co., Kunshan, China). All pHeasurements were completeed on a



PHS-3C pH meter (Tuopu Co., Hangzhou, China). Takiag processes were performed on a
HY-2 variable-speed reciprocal shaker (Guo Huatkte@ppliance Co., Changzhou, China). The
centrifugation processes were performed on a TGE-XBnke Technology Instrument Co.,
Shanghai, China). UV-vis absorption spectra wetainbd using a Varian GBC Cintra 10e UV-vis
spectrometer. Transmission electron microscopy (TEXperiments were performed on a Philips
Tecnai F20 TEM operating at 200 kV. Circular didene spectroscopic measurement were
performed on a MOS-450 spectrometer connectedayibltier which controlled the temperature.
2.2 Preparation of CM-CHIT-Culn$)Ds

CulnS QDs featuring carboxy groups were directly syniteb in aqueous solution via a
hydrothermal synthesis method described in ouripusvreport [32]. In a typical experiment,
CuCh-2H,0 (0.15 mmol) and InGI4H,O (0.15 mmol) were dissolved in distilled water5(7L).
Then, MPA (1.80 mmol) was injected into the aboekitton. The pH of the mixture was adjusted
to 11.3 by adding 4 mol-LNaOH solution. 10 min later, CS (MH (0.30 mmol) was added into
the solution. The Cu-to-In-to-S and Cu-to-MPA prscu ratios were 1:1:2 and 1:12, respectively.
All the above mentioned experimental procedureevperformed at room temperature. Then, the
solution was transferred into a 15 mL Teflon-lirgdinless steel autoclave. The autoclave was
kept at 150C for 23 h and then cooled down to room temperatlihe final concentration of
CulnS QDs was 1.36xI0mol- L™

The resulting QDs (1.36xT@nol- L™, 3 mL) were added into CM-CHIT stock solution (£§
10 mL). The mixed solution was placed in an ultrésdath for 10 min, and then incubated
overnight in dark with vibrating at room tempera&tuifhe excessive CM-CHIT was removed

through the centrifugal separation. The final comegion of CM-CHIT-QDs was 3.14xT0



mol-L™* QDs to 3.85 g-T chitosan.
2.3 Synthesis of Au NPs

Au NPs were synthesized by the citrate reductiorlAfiC1, according to the previous reports
[33]. In a typical experiment, 1 mL HAugs$olution (1%, V/V) and 99 mL deionized water were
added into a 250 mL round-bottom three-necked flaslen, the solution was heated to a boiling
state under reflux condenser conditions with vigsratirring. Subsequently, 5 mL trisodium
citrate solution (1%) was quickly injected to tHask. When the color of the solution changed
from pale yellow to deep red, the reaction wassfied. The solution was cooled down to room
temperature and then stored &t 4n the refrigerator for further use. The concemtraof the Au
NPs was 4 nmol-L
2.4. Fluorescence quenching experiments

For fluorescence quenching experiment, 200 CM-CHIT-QDs and a series of different
amounts of Au NPs solution (from O to 400) were separately mixed in 2.0 mL calibrated test
tubes. Next, the mixed solutions were diluted @®rhL with phosphate buffer solution and mixed
thoroughly. 10 min later, the fluorescence speafaCM-CHIT-QDs/Au NPs system were
recorded in the 610-800 nm emission wavelengthaab@n excitation wavelength of 590 nm.
2.5. Fluorescence measurement of Con A

For Con A measurement, 2(0 CM-CHIT-QDs were successively placed in a seoie8.0 mL
calibrated test tubes, respectively. Next, a sexfatifferent concentrations of Con A were added
into the above mixtures and mixed thoroughly. 45 tater, 40QuL Au NPs were separately added
into the solution and mixed thoroughly. Then, thixked solutions were diluted to 1.5 mL with

phosphate buffer solution and mixed thoroughly. aft excitation wavelength of 590 nm, the



fluorescence spectra of CM-CHIT-QDs/Au NPs systeznewecorded in the 610-800 nm emission
wavelength range.
2.6. Circular dichroism spectroscopy measurements

Circular dichroism spectroscopic measurement of @&dmefore and after the conjugation of
CM-CHIT-QDs/Au NPs was done on a MOS-450 spectremebnnected with a peltier which
controlled the temperature. Con A samples (190 nighe placed in a rectangular quartz cuvette
with 1 mm path length, and the final concentratibtCM-CHIT-QDs was 3.14xI0mol-L™* QDs
to 3.85 g-[* CM-CHIT. The concentration of Au NPs is 3.2 nM.eTépectra were recorded at a
scan speed of 20 nm/min with a response time adrdsslit width of 2 nm. Spectra were recorded
both in far-UV (250-200 nm) and near-UV (320-250 )megion. All measurements were
conducted in 20 mM PBS (7.4 pH).
2.7. Detection of Con A in the fetal bovine seramples

The fresh 10% fetal bovine serum was supplied Hgcal biological laboratory. The fetal
bovine serum samples were diluted 100 times wit® BBfore detection. Different concentrations
of Con A were added to the diluted fetal bovineuseisamples to prepare the spiked samples.
Dilution is a commonly adopted pretreatment procedar Con A detection in a sample of high

complexity. Detection processes were carried odeuthe optimized conditions.

3. Reaults and discussion
3.1 The strategy for the detection of Con A
As shown in Scheme 1, negatively charged quantuta GolnS$ QDs (featuring carboxyl

groups) were firstly interacted with the amino greu-NH,), carboxyl groups (-COOH) and



hydroxyl groups (-OH) within CM-CHIT polymeric ched via electrostatic interactions and
hydrogen bonding to form CM-CHIT-QDs assemblies.e Tas-prepared CulaSQDs and
CM-CHIT-QDs were characterized by using the traigssion electron microscopy (TEM), UV-Vis
absorption spectra, fluorescence emission spexithFT-IR spectroscopy. From the TEM images
(Fig. S1-A), it can be seen that the Culif@s were spherical particles and well dispersible
solution with diameters about 3-5 nm. After add@ig-CHIT, it can be obviously observed from
Fig. S1-B that the size of the resulting CM-CHIT-Qcreased to about 10 nm. From Fig. 1, it
could be observed that CM-CHIT-QDs emitted stroluprescence with the maximal emission
wavelength at 656 nm, and showed the maximum atisorat 590 nm (solid lines), which was
consistent with that of CulpSQDs (dash lines) [32]. Fig. 2 was the FT-IR speadf the
CM-CHIT-QDs and MPA capped Culpa®Ds. As shown in Fig. 2 (red curve), the majooty
MPA functional groups could be clearly found thrbufe characteristic peaks of -COOH (1560
cm * asymmetric stretching vibration, 1470 ¢raymmetric stretching vibration), and the C-H
stretching mode (2850 ¢m2920 crit, 2960 crif). The characteristic peak of S-H did not appear
within 2550-2680 cit, which might be result from the covalent bondsseen thiols and metal
atoms of the CulnSQDs [26]. We could ascertain that the original i€1QDs were capped by
MPA. From the FT-IR spectra of CM-CHIT-QDs (greamw in Fig. 2), we could see that the
characteristic C=0 stretching peak (1730"mNH peaks (3400 ci), C-O peak (1220 cih) and
-CH, (2850 cm’® symmetric stretching vibration) appeared or enbenwhich indicated that the
-COOH groups on the surface of Cuin@Ds had successfully reacted with the amino groups
(-NHy), carboxyl groups (-COOH) and hydroxyl groups (3Qtithin CM-CHIT.

When Au NPs is introduced, Au NPs could quenchfliherescence of CM-CHIT-QDs via
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electron transfer and energy transfer process. @wmudpto organic quenchers, nanomaterial

quenchers possess excellent properties of highilistabsuperquenching efficiency and

biocompatibility. However, in the presence of ConGan A could bindo CM-CHIT-QDs through

exclusively multivalent sugar-protein interactioriserefore, the electron transfer and energy

transfer process between CM-CHIT-QDs and Au NPs Wwaslered, and as a result the

fluorescence of CM-CHIT-QDs was greatly activate@t‘turn-on” state. Thus, the determination

of lectin could be achieved by monitoring the flescence “turn off-on”.

3.2 Resonance light scattering and circular dickroispectroscopy measurement

To validate the feasibility of the strategy, tlesaenance light scattering (RLS) technique was

used in this study. Fig. 3 was the RLS spectra b-CHIT-QDs, CM-CHIT-QDs/Au NPs,

CM-CHIT-QDs/Au NPs/Con A, Con A and Au NPs systéirom Fig. 3, it could be seen that Au

NPs showed only one RLS peak at 590 nm in the wag#h region of 450-800 nm. Con A

showed three RLS peaks at 548 nm, 563 nm and 643aspectively. CM-CHIT-QDs solution

showed four RLS peaks at 548 nm, 563 nm, 623 nn68ichm, respectively. CM-CHIT-QDs/Au

NPs without Con A had three RLS peaks at 548 ni, a8 and 623 nm, respectively. When

CM-CHIT-QDs/Au NPs was incubated with Con A, thatsering intensities at 548 nm, 563 nm,

590 nm and 623 nm were apparently enhanced, whiicates the diameter of particles in the

presence of Con A was much larger than that inatieence of Con A. The main reason for the

RLS intensity enhancement was owing to the carb@ltgeprotein interaction between

CM-CHIT-QDs and Con A, which could form CM-CHIT-QI[2s1 NPs/Con A complex.

The CD spectra of Con A before and after the catjog of CM-CHIT-QDs/Au NPs was

further studied. As seen in Fig. 3B, the CD specfr€on A showed a negative band at 230 nm

11



and positive bands at 206 nm and 249-290 nm, itidig#hat this protein consisted essentially of
a mixture ofp-form and random coil, and aromatic amino aciddess existed [34]. After the
conjugation of CM-CHIT-QDs/Au NPs, the CD bandsCain A at both the negative band (230 nm)
and positive bands (206 nm and 249-290 nm) redwsegtesting the interactions between Con A
and CM-CHIT-QDs/Au NPs would result in a decreak#he p-form and random coil content to
some extent [35].
3.3 Quenchingffects of Au NPs on the fluorescence of CM-CHIBEQD

According to the previous reports, semiconductorsQiere proven to be very effective
fluorescence resonance energy transfer donorsseudal fluorescence resonance energy transfer
based biosensing system utilizing QDs have beenodsimated in the past few years [36,37].
ConverselyAu NPs are known for their capacity to quench tlverescence of semiconductor
QDs as the efficient energy acceptors [38,39].him present work, CM-CHIT-QDs were mixed
with different amounts of Au NPs, and the fluoreseeintensity changes of the CM-CHIT-QDs
were monitored (Fig. 4). As expected, the fluoraeseeintensity of the CM-CHIT-QDs at 656 nm
gradually decreased with the increasing concentratf Au NPs (from O to 3.2 nmol?). (as seen
in Fig. 4). The inset showed the relationship betwihe fluorescence quenching ratiogadfid the
concentration of Au NPs. | ang ivere the fluorescence intensity of CM-CHIT-QDs the
presence and absence of Au NPs, respectively. Wesegood linearity betweend/and Au NPs
in the concentration range of 0.053 to 3.2 nmbl-The regression equation wag+0.991-0.196
[Au NPs], nmol-L[*. The corresponding regression coefficient was@.ghally, 1.0x18 mol-L*
Au NPs was used in the further experiments.

The energy transfer efficiency between QDs and Rs Nepends on several factors such as the

12



particle size and shape as well as the separastende between the donor and the gold quencher
[40,41]. Wu’s group had discussed in detail abbatdffect of three different sized Au NPs (3, 15,
and 80 nm), which had different localized surfatasmon resonance absorption band, on the
energy transfer between the CdSe/ZnS QDs and thHPu[42]. The 3 nm sized Au NPs have
negligible localized surface plasmon resonancerabisa and quench the fluorescence emission
of the QDs with a 1/tddistance-dependence, indicating the nanometahceirénergy transfer
mechanism. The 15 and 80 nm sized Au NPs havegstomalized surface plasmon resonance
absorption bands that overlap with the emissiordbznthe QDs. The energy transfer efficiency
depends on the 1¥cseparation distance, which is dominated by theldidipole interaction
according to Forster resonance energy transfer. 3henm sized Au NPs displays higher
quenching efficiency due to the increased spedvarlap of the localized surface plasmon
resonance absorption band with the emission ba@Dst From the TEM images of Au NPs used
in this work (Fig. S1-C), it could be seen that 8t@pes of Au NPs were monodisperse, and
spherical, and the average size was about 13.1nndiaimeter. Figure S2 was the normalized
extinction spectra of Au NPs and normalized fluoesge emission spectra of CM-CHIT-QDs.
From Figure S2, it can be observed that the flunese emission band of the QDs exhibited
partial spectral overlap with the localized surfatasmon resonance band of the Au NPs, which
is consistent with the previous reports [42]. Aletabove results confirm that Au NPs could
quench the fluorescence of CM-CHIT-QDs via electransfer and energy transfer process.
3.4 Optimization for Con A detection

In order to achieve better sensing performanc€&tor A, experimental parameters, such as the

concentration of CM-CHIT, pH, salt concentratiord agaction time were optimized. The effect of

13



the CM-CHIT concentration in the range of 0 to §:Q* was firstly investigated (as seen in Fig.
5A). It is known that a large concentration CM-CHBT beneficial to the carbohydrate-protein
interactions between CM-CHIT and Con A. Howevergdaconcentration of CM-CHIT would
lead to the fluorescence of CM-CHIT-QDs decreasesteown in Fig. 5A). Therefore, a final
concentration of 3.85 g"LCM-CHIT was adopted for the sensor preparatiordbieve little
fluorescence decrease and maximum sensitivity.

The effect of pH was studied over the range of-®® (Fig. 5B). It can be observed from Fig.
5B that the fluorescence intensity ratiogl/fl and b are the fluorescence intensity of
CM-CHIT-QDs/Au NPs in the presence and absenceoof £, respectively) increased gradually
from pH 5.0 to 7.4, and then decreased when thevpbl over 7.4. According to the previous
literatures, Con A exists as a single dimer beléW56 and exists predominantly as a tetramer of
four identical subunits at neutral and alkaline [@g-44]. Significantly, divalent catiomaust be
present to permit the binding of Con A to carbolayels because they are necessary in order to get
an active Con A conformation [45]. At low pH, Conwould release metal ions and exist in
inactive diametric form, which further weakened ttebohydrate-protein interactions between
CM-CHIT-QDs and Con A and led to significant fluscence intensity ratio }ildecrease. High
pH would cause the denaturation of ConA, whichehgrled to low binding affinity of ConA
towards CM-CHIT-QDs and subsequent the decreaflaarescence intensity ratio §/IHence, a
pH 7.4 PBS containing Mngl(0.1 mM) and CaGI(0.1 mM) was selected for the further
experiment. The effect of salt concentration on tflaorescence intensity of Au
NPs/CM-CHIT-QDs system in the absence and presgiCen A was also studied. From Fig. 5C,

we could see that the salt concentration had nuf&ignt influence on the fluorescence intensity

14



of the Au NPs/CM-CHIT-QDs/Con A system. So, irfiol- L' NaCl was chosen in this work.

Then, the effect of incubation time on the fluoesse intensity of CM-CHIT-QDs in the
presence of Au NPs was studied. As shown in Fig,. th® fluorescence intensity decreased
sharply in the first 2 min of incubation time, atietn decreased gradually with the increasing of
incubation time until 12 min, which indicated theegqching effect of Au NPs on the fluorescence
of CM-CHIT-QDs was completed within 12 min. Thenefothe fluorescence intensity of the
CM-CHIT-QDs/Au NPs system was recorded after intiobaof 12 min. The effect of incubation
time on the fluorescence intensity of CM-CHIT-QDs/NPs in the presence of Con A was further
investigated. As shown in Fig. 5E, the fluorescemtensity gradually increased with the
increasing of incubation time until 45 min, whiahdicated the fluorescence recovery finished
within 45 min. So we recorded the fluorescencenisity of the CM-CHIT-QDs/Au NPs/Con A
system after incubation of 45 min.

3.5 Fluorescence “turn on” detection of Con A

Under the optimized conditions, a systematic stwdg carried out to investigate whether the
proposed fluorescence biosensor could quantitgtisetect Con A. As shown in Fig. 6A, the
fluorescence intensity of CM-CHIT-QDs/Au NPs inged gradually with the increasing
concentration of Con A in the range of 0-302.5 niiidl Fig. 6A inset illustrated there was good
linearity between the fluorescence intensity ratip (I and b were the fluorescence intensity of
CM-CHIT-QDs/Au NPs in the presence and absence of @, respectively) and Con A
concentration in the range of 0.2-192.5 nmdl-The regression equation wag#1.170-0.0120
[Con A], nmol-L*. The corresponding regression coefficient)(®as 0.999. The detection limit

(LOD) was down to 0.08 nmol-L The detection limit is defined by the equation:£3c/s,

15



whereo is the standard deviation of the blank signals susl the slope of the calibration curve.

Compared with conventional other methods, our neetbo Con A shows a reasonably good Con
A quantification range and a lower LOD. Moreovég Au NPs-modulated CM-CHIT-QDs-based

fluorescence “turn off-on” biosensor is a novel seg system with the advantages of superior
sensitivity, costeffective design and a facile fediion process.

In addition, we also studied the interaction betw&€@M-CHIT-QDs and Con A (as shown in
Fig.7). The results were shown in Fig. 6B. From. 6B, it could be seen that the fluorescence
intensity of CM-CHIT-QDs increased gradually wittetincreasing concentration of Con A in the
range of 0-120 nmol-L The inset in Fig. 6B illustrated that there wasinear relationship
between the fluorescence intensity ratig (fland b were the FL intensities of CM-CHIT-QDs in
the presence and absence of Con A, respectivetyCan A concentration in the range of 2.5-45
nmol-L™. The regression equation was#/10.980-0.008 [Con A], nmol-L The corresponding
regression coefficient @R was 0.988. The detection limit (LOD) was 0.99 thd. Compared
with the CM-CHIT-QDs system for Con A detectione t8M-CHIT-QDs/Au NPs system had the
lower detection limit. The higher sensitivity wagpposed to due to the integration of Au NPs,
which reduced the background fluorescence and aiigily led to highly sensitive detection of
ConA.

3.6 Interference study

Selectivity is a very important parameter to eveduthe performance of a new sensor,
especially for a biosensor with potential applicas in biomedical samples, a highly selective
response to the target over other potent@dlgxisting species is necessary. Therefore, the

selectivity experiments for our proposed biosensere carried out with various coexisting
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substances added. Fig. S3 is the fluorescencerapgcM-CHIT-QDs/Au NPs/Con A system in
the absence and presence of coexisting substaesggectively. Table 1 showed the interference
effect of inorganic ions and some biological impattmolecules on the determination of Con A, a
relative error of +5.0% was considered to be tolerable. As shown iInleTd, the tolerable
concentration ratios of coexisting substancesnmal-L* Con A was over 1000 fold for NaK",
CI, NO* and SG*, 500 fold for glucose, fructose and galactose, 1fald for
bovine serum albumin (BSA), human serum albumin $j{Aheparinase (Hep) and lysozyme
(Lyz). These results demonstrated that the novelsae displays high selectivity for the
determination of Con A.
3.7 Detection of Con A in fetal bovine serum sample

In order to testify the accuracy and precisiont@ proposed method, it was applied for the
detection of Con A in the fetal bovine serum samplehe concentration of Con A in the fetal
bovine serum samples was determined by the stamdiition method and the results were listed
in Table 2. From Table 2, we can see that the RZ3 lewer than 3.5% and the average
recoveries of Con A in the fetal bovine serum sasiplere in the range of 97-101%. The above

results indicated that the accuracy and precisidheopresent method is satisfied.

4. Conclusion

In summary, a label-free, low-cost biosensor hantmiccessfully developed to detect Con A
on the basis of CM-CHIT-QDs and Au NPs. Although ©HIT-QDs can bind specifically to
Con A with high selectivity over noncognate progiit is not enough sensitively sensing due to

the high fluorescence background signals. By talddgantage of the fluorescence quenching
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capability of Au NPs, the background fluorescensdow, which ultimately leads to highly
sensitive detection of ConA. Noteworthy, the détectimit could be down to 0.08 nmol'L This
nano-biosensor was proved to be rapid, convenigati@erance of most interfering substances.
Furthermore, the proposed biosensor was employeithéodetermination of lectin in fetal bovine
serum samples with satisfactory results. Givendtieantages arising from the combination of
biosensor design and novel nanomaterials, we expiscassay could form a generic platform for

advanced biomolecular sensing with a high prormggactical applications.
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Captions:

Scheme 1 (A) lllustration of the fluorescence “turn off-oftsiosensor for Con A detection based
on CM-CHIT-QDs and Au NPs. (B) Chemical structuféhe major unit of CM-CHIT.

Fig. 1 The UV-Vis absorption and fluorescence emissioecsp of Culng QDs (dash line) and
CM-CHIT-QDs (solid line).

Fig. 2 The FT-IR spectra of the Culp®Ds (red curve) and CM-CHIT-QDs (green curve).

Fig. 3 (A) The RLS spectra of CM-CHIT-QDs/Au NPs/Con A (a), @WIT-QDs/Au NPs (b),
CM-CHIT-QDs (c), Con A (d) and Au NPs (e) system) The CD spectra of Con A before and
after the conjugation of CM-CHIT-QDs/Au NPs. Thadi concentration of CM-CHIT-QDs was
3.14x10°mol-L* QDs to 3.85 g-t CM-CHIT. The concentration of Au NPs and Con A ar2
nM and 192.5 nM, respectively.

Fig. 4 The fluorescence spectra of CM-CHIT-QDs in the @nes of different concentration of Au
NPs (from 0 to 3.2 nmoll). Inset: The fluorescence quenching ratios Mersus the
concentration of Au NPs. | angldre the fluorescence intensity of CM-CHIT-QDshie presence
and absence of Au NPs. All the RSD values weretless 2.0% (mean of three replicates).

Fig. 5 (A) The effect of the CM-CHIT concentration on thgorescence of CM-CHIT-QDs. (B)
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The effect of pH on the fluorescence intensity M-CHIT-QDs/Au NPs system in the absence
and presence of Con A. (C) The effect of salt cotvation on the fluorescence intensity of
CM-CHIT-QDs/Au NPs system in the absence and pmsesf Con A. (D) The effect of
incubation time on the fluorescence intensity of -CMIT-QDs in the presence of Au NPs. (E)
The effect of incubation time on the fluorescenatensity of CM-CHIT-QDs/Au NPs in the
presence of Con A. | ang kre the fluorescence intensity of CM-CHIT-QDs/APPNIn the
presence and absence of Au NPs. The final contiemtraf CM-CHIT-QDs was 3.14x10
mol-L™* QDs to 3.85 g-E CM-CHIT. The concentration of Au NPs and Con A ar2 nM and
192.5 nM, respectively. All the RSD values wereslggan 2.0% (mean of three replicates).

Fig. 6 (A) The fluorescence spectra of CM-CHIT-QDs/Au Nfystem in the presence of different
concentrations of Con A (0, 0.2, 27.5, 55, 82.®, 11137.5, 165, 192.5, 220, 247.5, 275 and 302.5
nmol- L, respectively). Inset: The relationship betweenfthorescence intensity ratiodAnd the
concentration of Con A (from 0.2 t0192.5 nmat)LI and } were the fluorescence intensity of
CM-CHIT-QDs/Au NPs system in the presence and atesai Con A, respectively. (B) The
fluorescence spectra of CM-CHIT-QDs system in ttesence of different concentrations of Con
A (0, 2.5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 80,80 and 90 nmol-i, respectively). Inset: The
relationship between the fluorescence intensity iét; and the concentration of Con A (from 2.5
to 45 nmol-[*). | and | were the fluorescence intensity of CM-CHIT-QDsteys in the presence
and absence of Con A, respectively. All the RSDugsalwere less than 2.0% (mean of three
replicates).

Fig. 7 (A) The illustration of the fluorescence nanoserisothe determination of Con A based on

chitosan capped Cula§uantum dots. (B) Chemical structure of the majdt of CM-CHIT.
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ACCEPTED MANUSCRIPT

Table 1 The interference of coexisting substances on ¢erahination of Con A (1 nmol-{)

Table 2 Results of Con A determination in fetal bovineuseisamples
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Table 1 The interference of coexisting substances on éberahination of Con A (1 nmol{)

Coexisting substance Tolerable concentration Maito Alll (%)
Na' 1 umol- L 10° 1.97
K* 1 umol- L 10° 0.75
cr 1 umol- L 10° -4.64

NO* 1 umol- L 10° -1.37
SO~ 1 umol- L 10° 4.98
Glucose 500 nmol- [* 10° 2.78
Fructose 500 nmol- [* 107 2.28
Galactose 500 nmol- [* 107 3.16
BSA 10 pug-mL* 107 3.00
HSA 10 ug-mL* 107 0.33
Hep 10pug-mL! 107 1.26
Lyz 100 nmol-* 107 0.81

Al = lg-l, where | and Jare the fluorescence intensities of the CM-CHIT-QRsMPs/Con A system in the

presence and absence of interfering species. FvACDH nmol- '= 0.1pg- mL2.

Table 2 Results of Con A determination in fetal bovineusersamples

Sample Added Found Recovery RSD
(M) (M) (%) (n=3, %)

1 0.50 0.49 98.00 3.12

2 1.00 1.01 101.0 2.22

3 1.50 1.46 97.33 1.69
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Highlights:

> A label-free near-infrared fluorescence “turn off*cbiosensor for detection of lectin was
established.

» The highly sensitive biosensor was based on theerifiter effect of Au NPs on

CM-CHIT-QDs.

» Lectin could bind exclusively to CM-CHIT-QDs via itiualent carbohydrate-protein
interactions, and “turn on” the fluorescence of CYiT-QDs.

» The biosensor sensor showed good selectivity ferditection of lectin with a low detection
limit of 0.07 nM.



