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Abstract: This work designed a facile sensing strategy fangjtation of glycans on cell
surface using organic electrochemical transist@®@&Ts). The sensing strategy was
performed by covalently binding target cells on ca@topropionic acid modified gate
electrode for the recognition of horseradish patagze (HRP) labeled lectins to specific
glycans on cell surface, which led to sensitivenclgh current signal responding to the
captured HRP and thus the expression of cell seirfdycans. The quantitation of glycans
on cell surface was achieved by using glycan medifnicrospheres to simulate the cells,
on which the amounts of glycans were detected ®ittyme linked immunosorbent assay.
The proposed sensing strategy had been used fdetbetion of mannose and galactose on
HelLa cells with Concanavalin A and peanut agglatias the specific lectins, which
showed 1.37xI0mannose and 1.13x4@alactose on each cell, respectively. By treating
HelLa cells with exoglycosidases, the mannose atatigse expression levels showed the
same changes as those detected with flow cytometradysis, indicating the practical

application of the OECT-based biosensor in cellaggr glycan expression analysis.

Keywords. Organic electrochemical transistor; Glycan anajy€iell-based biosensor;

Lectin.
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1. Introduction

Glycans are generally expressed on cell surfaceipgand influence the physiological
functions of proteins. The glycosylation of protimvolved various cellular biological
processes, including cell growth, differentiatigrpliferation, cell-cell communication,
immune response, progression of cancer and inluerelsignaling events (Chen et al.,
2018; Krasnova and Wong, 2016; Xiao et al., 20A®normal expression of glycans on
cell surface can indicate certain disease statah s inflammation and cancerization
(Chen et al., 2007; Fuster and Esko, 2005). Thexefoany sensing strategies for glycan
analysis have been developed using different detecttechnologies such as
surface-enhanced Raman spectroscopy (Lin et al.13)20 mass spectrometry
(Aizpurua-Olaizola et al., 2018), fluorescence imgg (Chen et al., 2013) and
electrochemical methods (Chen et al., 2013; Cheml.et2014; Cheng et al., 2009).
Especially, as the quantitative analysis of glyoarcell surface can realize precise tracking
of the expression change of glycan and accuraesasent of disease status, it is important
to develop the convenient approaches for quantgatetection of glycans on cell surface
(Chen et al., 2013).

In recent years, organic thin film transistors (s} as the new generation of the
sensing platform, have attracted great intereséstduheir easy fabrication and low cost
(Khan et al., 2010; Someya et al., 2010). Orgalgcteochemical transistors (OECTS), as
one type of OTFTs, can operate in liquid electedytvith stable performance under low
operating voltages<(1 V) (Rivnay et al., 2018). They are usually coteiof drain, source
and gate electrodes with conducting polymer toeses the channel connecting drain and
source electrodes, and have been used for desighewfiical and biological sensors by
immobilizing the recognition elements on the gaecteode. The most commonly used

conducting polymer is poly(3,4-ethylenedioxythiopbdoped with poly(styrene sulfonate)
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(PEDOT:PSS) owing to its stability, biocompatikyiland high conductivity (Bernards and
Malliaras, 2007; Inal et al., 2017; Nerdes et2007). According to the physics of OECTSs,
the reaction on gate/electrolyte and channel/abtt interfaces can change the effect gate
voltage of the transistors, which sensitively chesthe drain-source channel current. Thus,
a series of OECT-based biosensors have been rdpthnteugh the redox reaction of
electroactive molecules, such as glucose (Tanh,&t(d1), lactat¢Braendlein et al., 2017),
uric acid (Liao et al., 2015), dopamine (Yang et 2018) and acetylcholine (Kergoat et al.,
2014). Interestingly, some OECT-based biosensoxe feso been developed for the
detection of electro-inactive molecules or biomawotecules such as sialic acid (Chen et
al., 2020), cortisol (Parlak et al., 2018), DNAr{Let al., 2011), protein (Fu et al., 2017),
bacteria (He et al., 2012), cell (Gu et al., 204®) antibody (Kim et al., 2010). In order to
extend the application of OECTs, our group prevMipusepared a lectin modified OECT
biosensor along with the aptamer labeled nanopfobée detection of mannose on cell
surface (Chen et al.,, 2018), however, the glycansimgle cell surface could not be
guantified because the signal was corresponditigetoeaction between cell-aptamer rather
than cell-lectin. In this work, a mercaptopropioaiwid (MPA) modified OECT biosensor
along with horseradish peroxidase labeled lectiiRFPHectin) probe was proposed to
design a facile sensing strategy for the quaritadif glycans on cell surface.

The sensing strategy firstly covalently immobilizadget cells on the gate interface with
a simple incubation of the cells on MPA modifiedegalectrode that was activated with
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydhdoride (EDC) and
N-hydroxysuccinimide (NHS), and then used correspu;n HRP-lectin to recognize the
target glycan on cell surface, which introduced P catalyzed reduction of hydrogen
peroxide (HO,) on gate electrode surface to produce the cusignal for sensing of the

glycan (Scheme 1). To achieve the quantitation of cell aafglycan, glycan modified
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microspheres were used to simulate cells for olstgirthe calibration curve. As a
proof-of-concept, mannose and galactose on Hells oedre respectively used as the
model glycans to demonstrate the practicabilityhaf proposed biosensing strategy. This
work provided a new detection technique for thelyams of cell surface glycan expression.
Although the sensing strategy detected mannosejaladtose on HelLa cells using Con A
and PNA as signal lectins, it could be extended/eniently for the quantitative analysis of
other glycans or targets on cell surface by ushegrtspecific recognition elements, for
example, usingambucus nigra agglutinin and wheat germ agglutinin for the detecof

N-acetylneuraminic acid and N-acetylglucosamine.

Preferred position for Scheme 1

2. Experimental

2.1. Materials and reagents

MPA, EDC, NHS and 30% wt #D, were brought from Sa’en Chemical Technology Co.,
Ltd. (China). Concanavalin A and peanut aggluticamjugated with HRP (HRP-Con A,
HRP-PNA) and fluorescein iosthiocyanate (FITC-Con ATC-PNA), bovine serum
albumin (BSA) and exoglycosidases suchcasiannosidase anf@-galactosidase were
obtained Sigma-Aldrich Inc. (USA). NHS functionad magnetic microspheres
(NHS-MMPs) were purchased from Enriching Bioteclogyli Co., Ltd. (China).
N-Acetyl-D-galctosamine, morpholineethanesulfonicida (MES) and mannosamine
hydrochloride were purchased from Aladdin Biotedbgy Co., Ltd. (China). Phosphate
buffered saline containing 2.7 mM KCI, 136.7 mM NaC42 mM KHPO, and 8.72 mM
NaHPO, (PBS, pH 7.4), cell culture medium containing 109 mL* penicillin and

streptomycin (Dulbecco’s modified eagle medium, DMW)E fetal bovine serum (Gibco,
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Australia) and trypsin were bought from KeyGEN BRiciinology Co., Ltd. (China). HeLa
cell line was provided by KeyGEN Biotechnology Catd. The commercial enzyme
linked immunosorbent assay (ELISA) kits for mannasel galactose quantitation were
purchased from Jin Yibai Biological Technology Add (China).

Au target (5N, 99.999% purity) and Cr target (419,99% purity) were obtained from
Zhongnuo Advanced Materials Technology Co., Ltdhi¢@). Dodecyl benzenesulfonic
acid (DBSA), 3-glycidyloxypropyltrimethoxysilane (W°S) and glycerin were bought from
J&K Scientific Ltd. (China). Poly(3,4-ethylenediakyophene) doped with poly(styrene
sulfonate) (PEDOT:PSS, Clevids PH 1000) was supplied by Heraeus (Germany). All

agueous solutions were prepared using ultra-putergl 8 MQ, Milli-Q, Millipore).

2.2. Apparatus

The behaviours of OECTs were recoreded with KeysiBh500A semiconductor
analyzer (USA). Princeton Parstat MC 1000 electeoubal workstation (USA) was used
to obtain the electrochemical impedance spectr8)(Hlhe Cr/Au layer was deposited on
glass substrate through Kurt J. Lesker PVD75 E-beaaporation system (USA). Atomic
force microscopic (AFM) image was obtained withaaomic force microscopy (BRUKER
Dimension Icon, Germany). The oxygen plasma treatm@&s accomplished with Harrick
plasma cleaner PDC-002 (USA). KW-4A spin-coater \wapplied by Beijing SETCAS
Electronics Co., Ltd (China). The flow cytometrinadysis was performed on Beckman

Coulter FC500 flow cytometer (USA).

2.3. Glycan modification of MMPs

The NHS-MMPs were collected by magnet from purctiadspersion, and washed
twice with absolute ethyl alcohol. 1 mL of mannosan hydrochloride or

N-acetyl-D-galctosamine (1 mg rif)in reaction buffer (0.1 M MES, 0.15 M NaCl, ptD§.
5
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was mixed with NHS-MMPs for 2 h at room temperatufbe modified MMPs were
separated and mixed with 1 mL blocking buffer (BLMES, 0.5% BSA, 0.15 M NacCl, pH
6.0) for another 1 h at room temperature. Finalllhe mannosamine or
N-acetyl-D-galctosamine modified MMPs were sepalat®ashed with 1 mL washing
buffer (0.05 M Tris-HCI, 0.15 M NaCl, pH 7.2) fonree times, and dispersed in washing
buffer, which were stored at 4 °C prior to use. Hmounts of mannose and galactose
groups on MMPs were calculated from their corresiay standard curves (R=0.99, Fig.
S1) which were obtained with the ELISA kits undee guideline of operation instruction,

respectively.

2.4. Cdll culture and treatment

HelLa cells were cultured in DMEM medium supplemdntgth 10% fetal bovine serum
at 37 °C in a humidified atmosphere containing 5@.CThe adherent cells were treated
with tryspin and collected by centrifugation at €0®m for 5 min. The cell concentration
was confirmed using a Countess™ Il cell counter AWSThe homogeneous cell
suspension was dilliuted with PBS in certain comegion. For examining the change of
glycan expression on cell surface, the cells weratéd with culture medium containing 0.5

U mL* exoglycosidases at 37 °C for 1 h.

2.5. Devicefabrication

The OECTs were prepared on the glass substratg tierreported method (Chen et al.,
2018). In brief, the desired configuration of OE®a&s obtained by a shadow mask and the
metal layers of Cr/Au were deposited on the glagh wontrolled thickness through the
E-beam evaporation system. The Cr and Au layers W@rand 100 nm thick, which were
confirmed by AFM (Fig. S2). The size of gate eled was 3x3 mm and the channel width

and length were 0.2 and 6 mm, respectively, théadlc® between gate electrode and
6
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channel was 2 mm (Chen et al.,, 2020). The condycpalymer was consisted of
PEDOT:PSS mixed with 5% v/v glycerin, 0.1% v/v DB&Ad 1% wt GOPS. The devices
were treated with oxygen plasma and spin-coatedh wadnducting polymer solution,
following by an annealing process at 120 °C for lrder vacuum. In this work, the

OECTs could be prepared in batch for disposablsisgmf glycans on cell surface.

2.6. Modification of gate electrode and detection of glycans on cell surface

The bare Au gate electrode was firstly treated Wwiésh Piranha acid @3$0,/H,0,=3:1
v/v) and then dropped with 10 pL of MPA (100 uM)imdroduce the carboxyl functional
group on gate interface at 37 °C for 2 h. 10 uL B@ES solution (10 mM) was then
dropped on gate electrode to activate the carbgnoylp at 4 °C for 4 h.

To detect the amount of specific glycan on cellfeze, 10 pL of homogeneous cell
suspension was dropped on gate electrode to redét’« for 1 h, in which the cells could
be covalently immobilized on gate electrode via thaction of -NH group on the cells
with activated carboxyl group on gate electroded 49 pL of HRP-lectin was then
incubated on the gate interface for specific redamn of lectin to cell surface glycan at
4 °C for another 1 h. Afterwards, the channel aitrigas detected in PBS containing 0.1

mM H,0O; at the gate voltage of 0.9 V and the drain-souaiage of 0.05 V.

2.7. Flow cytometric analysis

For flow cytometric analysis of the glycan expressilx16 HelLa cells suspended in 1
mL sterile pH 7.4 PBS were incubated withiiddmL™* FITC-labeled lectins (ConA, PNA)
at room temperature for 30 min (Cheng et al., 2009)e cells were collected by
centrifugation at 1000 rpm for 5 min, washed twiaéh PBS, and re-suspended in 1 mL

PBS. Unlabeled cells were used for the estimatfauto fluorescence.
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3. Resultsand discussion
3.1. Biosensing strategy for detection of cell surface glycans

The MPA modified gate electrode was firstly actecawith EDC and NHS, which led
to quick convent binding of -NJgroup on target cell surface with activated -CO@tHhe
modified electrode (Fig. S3). HRP-Con A and HRP-PBiduld thus be conveniently
conjugated to electrode surface through the spe@fiognition of lectins to mannose and
galactose on cell surface, respectively (Scheme Bjeover, the amounts of cell surface
mannose and galactose could be changed by theylsgétific cleavage af-mannosidase
and p-galactosidase (Table S1), respectively. Reasondb&/ amounts of HRP-lectins
captured on the gate interface were related toettpgression levels of glycans on cell
surface. Although the biological recognition on eganterface could not produce any
electron transfer to influence the drain-sourcendecurrent, the HRP-catalyzed reduction
of H,O, on gate/electrolyte interface changed the effaté goltage\(ge”) of the transistor,
and thus the channel current (Chen et al., 2018hgi®e 1C, Fig. S4), which led to a

simple OECT-based biosensing strategy for the teteof cell surface glycans.

3.2. Characterization of gate electrodes

The typical transfer curve of the OECTs was teste®BS. The newly made OECT
device showed one order of magnitude change ofrelasurrent when the gate voltage
varied from 0 to 1.2 V (Fig. 1A). The transcondueta (g,), which can be exacted from the
differentiation of the channel current against gai#age, reached the maximum value of
0.75 mS at the gate voltage of 0.9 V. Coincideptdle optimized gate voltage for the
detection of cell surface glycans also occurred.@tV (Fig. S5). Teeliminate the effect of
OECT device difference on test repeatability, tleéedtion signal was defined a#/lo. Io

represented the steady channel current beforeditian of HO,, andAl was the channel

8
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current change upon addition ot® for 500 s, at which the channel current decreased

gently to reach the plateau.

Preferred position for Fig. 1

The EIS were used to characterize the detectioocegroof cell surface glycans with the
modified gate electrode. After the gate electrodaswmodified with MPA, the
electron-transfer resistanc®&{ increased to ~1.0(k owing to the repulsion between
[Fe(CNYX]*/[Fe(CN)]* and negatively charged carboxylate group of MPAeRthe cells
were incubated on the activated MPA-gate electridteRe; increased greatly to ~4.2X
due to the poor electrical conductivity of cellsiggF1B). The specific recognition of
HRP-Con A to mannose on cell surface further irmedaheR.; to ~4.9 Q. These results
demonstrated the cell capture and lectin recognitpyocesses for performing the

biosensing strategy.

3.3. Quantitative detection of mannose on cell surface

To obtain the best performance of the biosensirajeg}y, the concentration of HRP-Con
A used for recognition of cell surface mannose figtly optimized. With the increasing
HRP-Con A concentration, the current change ine@asd reached a maximum value at
60 ng mL* (Fig.2A and B), indicating the saturation bindioigcell surface mannose. Thus
60 ung mL* HRP-Con A was used for detection of cell surfacennose, at which the
current signal increased with the increasing ceficentration used for covalent capture
(Fig.2C). The plot of current change versus theutlgm of cell number ranging from 500

to 50000 showed a linearity with the equatiombf,=—0.0474 + 0.0363 log[N] (Fig.2D).

Meanwhile, the change of effective gate voltag\e‘gff) exacted from the transfer curve of

the device with HRP-Con A-Cell-MPA modified gate&rode showed linear increase with



10

11

12

13

14

15

16

17

18

19

20

21

22

23

the increasing cell concentration (Fig.S6A).

Preferred position for Fig. 2

To achieve the quantitation of mannose on cellagarf mannosamine modified MMPs
were prepared for obtaining the calibration cue which the amount of mannose group
was detected to be 3.30%1per MMP. Considering to the possible differencetlie
mannose group amounts on cells and the modified BjMt& concentration of HRP-Con A
used for recognition of mannose group on the MMBs ®iso optimized to be §@ mL™
(Fig.3A and 3B). After the mannosamine modified Md/MRere covalently captured on
MPA modified gate electrode and then incubated Withug mL™* HRP-Con A solution,
both the current signal arxﬁJgeff linearly increased with the increasing amount dR&
from 1000 to 10000, which provided two standardvesrfor the quantitative detection of
cell surface mannose (Fig.3C, Fig.3D and Fig.SBB)h these standart curves, the amount
of mannose expressed on each Hela cell was detectei1.37x1%) which located in the
range of 3.5x10to 3.0 x16° on different cells reported in previous works (Blet al.,

2013, Chen et al., 2015, Din et al., 2008, Har.ef@11, Xue et al., 2010).

Preferred position for Fig. 3

3.4. Quantitative detection of galactose on cell surface

Similarly, the amount of galactose expressed onaHeglls could be detected by using
MPA modified gate electrode to capture N-acetyl-detpsamine modified MMPs, on
which the amount of galactose group was 2.73x30d HRP-PNA to recognize the
galactose group on captured cell and MMP surfacEse optimized HRP-PNA
concentrations were 60 (Fig.S7A and S7B) and@énL " (Fig.S8A and S8B), respectively.

With the recognition of HRP-PNA to galactose grobpth the channel current change and

10
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AVy™ value linearly correlated with the amount of Heledls from 500 to 50000 (Fig.S6C,
Fig.S7C and Fig.S7D) and MMPs from 1000 to 10009.88C), respectively. Thus, both
the channel current-based antV/,"-based standard curves could be obtained for
guantitative detection of cell surface galactosag.@8D and Fig.S6D). On Hela cell

surface, the amount of galactose was detected 1018e16.

3.5. Profiling of glycans on cell surface

To demonstrate the practicability of the proposemsdnsing strategy, the changes of
glycan expressions on cell surface upon exoglyessidreatment were examined. After
HeLa cells were treated with 0.5 U fhz-mannosidase di-galactosidase at 37 °C for 1 h,
they were covalently captured on gate electrod&aseirfor the detection of mannose and
galactose, respectively. As shown in Fig.4A, theogbycosidase treatments led to
significant decrease of current signal change catthg the specific cleavage of mannose
and galactose from the cell surface. The resuli® wensistent with those from the flow
cytometric analysis (Fig.4B), indicating the go@tiability and potential application of the

proposed biosensing strategy in profiling of califace glycans.

Preferred position for Fig. 4

4. Conclusion

This work uses OECTs to develop a sensing strdteggnalysis of glycan expression on
cell surface. This strategy can be convenientlyfgoered by covalently capturing target
cells on gate electrode surface and then usinggponding lectin to specifically recognize
cell surface glycan. Both the channel current dfeteve gate voltage changes show good
relativity with the cell concentration used for tleapture process. Through using

mannosamine or N-acetyl-D-galctosamine modified MM® simulate the cells and HRP

11
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labelled Con A or PNA to recognize the specificcgly, two quantitative methods are
proposed for the detection of mannose and galaaoseell surface, respectively. These
methods have been demonstrated by changing tharglxpression on cell surface with
exoglycosidase treatment. This work extends thdiagiipn of OECTs and provides a
convenient and versatile sensing platform for thealysis of cell surface glycan

expressions.
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Figure captions

Scheme 1. (A) Schematic illustration of general device WithPA modified gate electrode.
(B) Schematic for covalent immobilization of cetis gate modification and recognition of

lectin to cell surface glycan. (C) OECT-based hbissgg mechanism in PBS.

Fig. 1. (A) Transfer and transconductance curves of tivdynmade device in pH 7.4 PBS.
(B) EIS of bare (a), MPA modified (b), Cell-MPA mifidd (c) and HRP-Con A-Cell-MPA
modified (d) gate electrodes in 0.1 M KCI contamif mM KiFe(CN))/K 3[Fe(CN)]

(1:1). Frequency range: 100 kHz to 0.01 Hz; amg@étul0 mV.

Fig. 2. (A, B) Optimization of HRP-Con A concentration forannose detection on HelLa
cells. (C) Normalized current responses to cell bers (MNei used for covalent

immobilization on gate interfaces. (D) PlotAdfl vs log(Nces).

Fig. 3. (A, B) Optimization of HRP-Con A concentration fonannose detection on
microspheres. (C) Normalized current responsesitoosphere numbers used for covalent

immobilization on gate interfaces. (D) PlotAlfl, vs mannose on MMPs

Fig. 4. (A) Normalized current and (B) flow cytometric &yss of mannose and galactose

expression changes upon cleavage of mannosidaggaauiosidase, respectively.
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Highlights

A facile biosensor was designed with organic electrochemical transistor for analysis of

cell surface glycan expression.

The quantitative detection of cell surface glycans was achieved by using glycan
modified microspheres to simulate the cells.

The amounts of mannose and galactose on Hel a cells were detected with the proposed

biosensing strategy.

This strategy was demonstrated by changing cell surface glycan expression with
exoglycosidase treatment.
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