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ABSTRACT: With the rapid spread and multigeneration variation
of coronavirus, rapid drug development has become imperative. A
major obstacle to addressing this issue is adequately constructing
the cell membrane at the molecular level, which enables in vitro
observation of the cell response to virus and drug molecules
quantitatively, shortening the drug experiment cycle. Herein, we
propose a rapid and label-free supported lipid bilayer-based lab-on-
a-chip biosensor for the screening of effective inhibition drugs. An
extended gate electrode was prepared and functionalized by an
angiotensin-converting enzyme II (ACE2) receptor-incorporated
supported lipid bilayer (SLB). Such an integrated system can
convert the interactions of targets and membrane receptors into
real-time charge signals. The platform can simulate the cell
membrane microenvironment in vitro and accurately capture the interaction signal between the target and the cell membrane with
minimized interference, thus observing the drug action pathway quantitatively and realizing drug screening effectively. Due to these
label-free, low-cost, convenient, and integrated advantages, it is a suitable candidate method for the rapid drug screening for the early
treatment and prevention of worldwide spread of coronavirus.
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As the number of cases continues to increase, the novel
coronavirus mutates rapidly and the vaccine development

cannot catch up with the rate of the virus mutation; hence, the
rapid development of therapeutic drugs is urgently needed.
Recent reports have revealed that SARS-CoV-2 infects host
cells by binding to the angiotensin-converting enzyme II
(ACE2) receptor on the surface of human and animal cells1−3

and exhibits ∼10- to 20-fold higher affinity than that of the
ACE2 receptor binding to SARS-CoV.4 The effects of drugs
and viruses on cells can be reflected by cell culture fluorescence
quantification.5 Researchers can only draw fuzzy conclusions
from statistical experiments, which cannot accurately analyze
the interaction between viruses and human cells. Methods such
as surface plasmon resonance6,7 and interferometry8 are also
good candidates, which are label-free and shorten the detection
cycle. However, they are either expensive or the system is
complex and difficult to promote in bulk. Therefore, a simple
and rapid platform used for simulating the interaction of viral
pathogens and the screening of effective inhibition drugs will
be of great significance for the treatment and prevention of
various widespread epidemics.
For environmental monitoring and medical diagnostics, field

effect transistors (FETs) were introduced owing to their
sensitivity, low cost, fast response, and scaled integrability,
which have been widely used in label-free protein detection,
enzyme reactions, ion channels, pH detection, etc.9−12 The

separation of the gate electrode and the metal oxide−
semiconductor field-effect transistor (MOSFET) of an
extended gate-type field-effect transistor not only improves
the stability of the MOSFET electrical unit, avoiding
environmental interference, such as light, temperature, and
chemical erosion, but also facilitates the physical struc-
tures,13−15 chemical materials,16−18 and biological mole-
cules19,20 coated on the gate electrode. However, the Debye
screening length modulation and nonspecific binding of the
unforeseen analyte may still result in unstable detection and
quantitation of targets.
The employment of supported lipid bilayers (SLBs) is a

typical method for investigating viral infection, signal trans-
duction, and drug delivery at the molecular level. Distinguish-
ing from sophisticated cell models, an SLB provides a robust
and simplified alternative for studying cell membrane
behaviors. By incorporating membrane receptors, the SLB
can provide new insights into the investigation of membrane
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behavior, including ion transport,21−23 virus detection,24−27

substrate−enzyme reactions,28,29 antigen−antibody bonds,30,31
and protein−protein interactions.32,33

In this study, we propose a rapid and label-free SLB-based
lab-on-a-chip biosensor for the analysis of virus−cell
membrane interactions and screening for effective inhibition
drugs. Compared with using the receptors immobilized directly
on the solid substrate to quantify the blocking effect of drugs
on virus binding, SLB modification can provide a biomimetic
and cell-simulating environment, isolating the interference and
avoiding nonspecific binding. We demonstrated an extended-
gate field-effect transistor (EGFET)-based biosensor function-
alized with a receptor-incorporated SLB, which enables rapid,
low-cost, label-free detection and drug screening. The SLB was
employed as a biomimetic cell membrane owing to its intrinsic
properties, such as morphological stability, electrical con-
ductivity, lateral fluidity, and analyte permeability. ACE2
receptors were incorporated into the SLB membrane to
functionalize the sensing interface and simulate human cells
locally, which combines FET to effectively shield noise within
the Debye length distance and realize stable charge signal
capture due to the uniformity of the lipid film and constant
height and orientation of ACE2. Owing to the rapid and
sensitive response, the proposed biosensor can monitor the
binding of the spike protein to the embedded receptors in real

time. Most importantly, the biosensor can successfully
determine the different inhibitory effects of drug molecules
on the binding process, suggesting great potential and versatile
capability for the early treatment and prevention of widespread
epidemics.

■ BIOSENSOR DESIGN

Device Fabrication and Formation of the Lipid
Bilayer. The extended gate unit consisted of a gold electrode
layer and a chamber reservoir containing an SLB. The gold
electrode layer was fabricated by graphically evaporating a
circle of 8 mm in diameter and 200 nm in thickness on a glass
substrate, which was used as a physically separated FET
extended gate electrode, providing a flat and hydrophilic
interface for the subsequent SLB formation. The chamber
reservoir was made of a 10 mm annular PDMS chamber
bonded to the gold electrode layer, providing shape constraints
on the SLB membranes and liquid environment.
Subsequently, the SLB was paved on the plasma-processed

surface of the gold layer via the vesicle fusion method (see the
Supporting Information for details) and then rinsed extensively
with 10 mM PBS buffer to remove the excess vesicles, which
serve as a biomimetic cell membrane interface with active
receptors.

Figure 1. Schematic illustration of the binding process and the detection electrical circuit scheme: SLB formation, ACE2 receptor insertion, and
competition between drug molecules and spike proteins or viruses.
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Setup of the EGFET System. A gold electrode-coated
button with an SLB served as an extended gate for the
commercial FET (ALD1108A, USA). A tiny Ag/AgCl
electrode made by electroplating was immersed into the
chamber reservoir as a reference electrode to bias the transistor
to the desired linear amplification voltage (0.5 V). The gate
electrode was connected to a PCB circuit to enable the current
trace recording.

■ RESULTS AND DISCUSSION
Sensing Mechanism. As shown in Figure 1, an SLB-based

lab-on-a-chip biosensor comprises an extended gate unit and a
field effect transistor (FET) electrical circuit unit. The gold
electrode bottom retains real-time monitoring and quantifica-
tion through the electrical connection between the solution
and the Ag/AgCl electrode, which senses the voltage changes
caused by the binding of the analyte and receptors embedded
within the Debye length. Voltage changes can be obtained via
eq 1:

φ σ= Δ
+C CDL FET (1)

Here, Δσ is the change in stable quantity charge caused by the
target captured by receptors embedded in the SLB, and φ
represents the variable of gate voltage. CDL and CFET represent
the diffuse layer capacitance and the inherent capacitance of
the FET,34 respectively (Figure S1). As shown in Figure S1,
changes in the captured charge at the sensing interface are
shared by the two partial capacitors, resulting in changes in
gate voltage. The back-end of the bottom electrode layer was
connected to the gate of the commercial FET circuit unit, and
the changes in front voltage were amplified and recorded
through the FET in the linear region of the transfer
characteristic curve. The transfer characteristic curve is given
by eq 2:

= −I k V V V( )ds gs th ds (2)

Here, k is the characteristic constant of the FET, Vgs is the
gate-to-source voltage, Vth is the turn-on threshold voltage, and
Vds is the drain-to-source voltage.
The embedded image in Figure 1 shows the interface

behavior during the drug screening. The bionic cell membrane
simulates the process of human cell infection with coronavirus
and can be combined with the spike protein of coronavirus or
blocking drugs. Because the charges of the coronavirus and the
blocking drug are significantly different, the change in charge
on the surface of the gate electrode can be converted into an
electrically detectable signal. Therefore, the electrical response
can help us compare the blocking effects of different drugs,
enabling the screening of drugs with a strong blocking effect of
the coronavirus infection.
Debye screening length (λD)

35 is an existing challenge for
field-effect sensor applications, as shown in eq 3:
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D (3)

Here, r is the distance from the SLB to the center of the
captured molecule. φ is the potential at a distance r from the
source charge, implying the characteristic length of the
Coulomb potential attenuation. Therefore, the stable thickness
of the lipid bilayers (6 nm) and the orientation of the
embedded ACE2 receptors (as shown in Figure 1) present a
constant distance between the analyte binding and the
detection interface, thus avoiding the fluctuation of the
distance r from the charge to the electrode surface, which
makes a stable electrical detection possible (eq 3).36,37 In
addition, lipid bilayers can block most of the specific binding,
which is reflected in two aspects. (i) The effect of nonspecific
binding on the interface charge can be avoided by flushing the
buffer after the actual test to maintain the proper functioning

Figure 2. Characterizations of the incorporation process. (a) Photography of the fabricated device. (b) Comparison before and after the insertion
of ACE2 receptors with FITC. The full images are shown in Figure S4. (c) Morphology of ACE2 receptors on a supported lipid bilayer. (d) The
AFM image shows the morphology of the ACE2 receptors and coronavirus complex. Scale bars in the images denote 1 μm. (e, f) Cross sections of
the ACE2 receptors (6 nm, blue line graph) and coronavirus complex (150 nm, red line graph).
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of the inserted protein. (ii) Lipid bilayers protected the
extended gate electrode as a sensing interface against solution
erosion.38

In this way, different drug molecules or spike proteins have
different charges, and the binding directly leads to electrical
signal changes. Compared with existing instruments, the
proposed biosensor has the advantages of fast response and
direct sensing without indirect signal conversion.
Characterization of the Biosensing Interface. The

device consists of a glass substrate, a gold electrode layer, and a
PDMS chamber layer as shown in Figure 2a, which provides a
sensing interface for subsequent FET electrical detection and a
shape constraint for the next SLB formation. The supported
lipid bilayer is fabricated by the vesicle fusion method. The
vesicles automatically adsorb on the plasma-pretreated hydro-
philic gold surface and shatter to form a complete SLB. The
increase in electrode surface coverage leads to a gradual decline
of the real-time current of FET as shown in Figure S3a. As
shown in Figure S2, the process of SLB formation was
monitored using commercial quartz crystal microbalance with
dissipation monitoring (QCM-D) as auxiliary validation,
showing a typical frequency shift of 22 Hz and a dissipation
decrease of less than 0.1 × 10−6 induced by the formation of
SLBs from lipid vesicles. In addition, cyclic voltammetry
(Figure S3b) and fluorescence recovery after photobleaching
(FRAP) (Figure S3c) were performed to characterize the
integrity and bioactivity of the lipid bilayer. A significant
current drop of CV curves indicates that an intact SLB was
successfully modified onto the device surface. FRAP images
show that the fluorescence-labeled SLB moves laterally to the
bleached area immediately after intense laser irradiation,
indicating the good quality and bioactivity of the SLB. Next,
the concentration and assembly time of ACE2 receptors were
optimized, as shown in Figure S5, indicating that the optimal
embedding was achieved at 1 μg/mL for 30 min. Then, the
ACE2 receptor solution (1 μg/mL) was added to the SLB

membrane and incubated for 30 min to obtain lipid bilayers
with homogeneous ACE2 receptor distribution.
To evaluate the effect of assembly, fluorescence microscopy

and AFM were employed to demonstrate the horizontal
distribution of ACE2 receptors and depict the vertical height
profile, respectively. As shown in Figure 2b, after an SLB was
fully incubated with ACE2 receptors labeled with FITC and
extensive PBS washing, it showed an obvious uniform green
fluorescence bright spot compared with the only SLB,
indicating the successful assembly of ACE2 receptors and
uniform lateral distribution. AFM was also used to delineate
the distribution and height of ACE2 morphologically. SLBs
were incubated with ACE2 at a concentration of 0.01 μg/mL
after washing thoroughly. The height of the ACE2 receptors on
the SLB was approximately 6 nm as shown in the cross section
of Figure 2e.
Subsequently, we also conducted the control group after the

ACE2 receptors of the sensing interface bonded with
transmissible gastroenteritis virus (TGEV). TGEV belongs to
the genus Alphacoronavirus 1 with a diameter of 150 nm and a
coronavirus structure similar to that of SARS-CoV-2, which
contains the spike (S), envelope (E), membrane (M), and
nucleocapsid (N) proteins. After the insertion of ACE2
receptors, 1 μg/mL coronavirus solution was added and
incubated for 30 min. After the replacement of the solution
again, the AFM morphology and cross line section of
coronavirus are shown in Figure 2d,f, which show values that
are very close to the previously reported values of height and
size (150 nm). In addition, the adsorption density of ACE2
protein measured by AFM was consistent with the frequency
shift signal of QCM-D, indicating the successful modification
of ACE2.
All these results demonstrate that ACE2 receptors were

successfully embedded in the SLB-based biosensor, which also
showed the capability to capture spike proteins.

Sensitive Capture of Spike Proteins. To characterize the
ability of the biosensor to monitor and quantitate the

Figure 3. Real-time response of spike proteins and KD calculation. (a) Normalized real-time FET response to the gradient spike protein. (b)
Linearity fit of the FET biosensor. (c) Average FET current response of the gradient spike protein and Hill fit. Statistical test data were repeated at
least three times.
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interaction between the modified receptors and target analytes,
we performed the binding experiment of ACE2 receptors and
spike proteins on the SLB-based biosensor to preliminarily
demonstrate the sensitive ability to capture. SLB and ACE2
receptors were assembled on the gold sensitive layer as
mentioned above, and then the gradient spike proteins ranging
from 0.001 to 50 μg/mL (0.001, 0.01, 0.1, 1, 12, 25, and 50
μg/mL, corresponding to 0.013, 0.13, 1.26, 12.56, 75.38,
314.07, and 628.14 nM in molar concentration, respectively)
were added to the chip surface, respectively. Figure 3a shows
the real-time FET response of the gradient spike protein. The
current continues to decrease with the increase in spike protein
concentration due to the negatively charged spike protein
(−23.8 mV). In the specific control experiment, the
introduction of nontarget molecules on the sensor surface
causes a rather smaller response compared with the target with
a spike protein, indicating the brilliant specificity of the sensor
interface (Figure S6). The relationship between the sensor
normalized response ΔI/I0 and the concentration shows
excellent sensitivity (84.4 nA/ log c[s protein]) and linearity
(R2 = 0.99), as shown in Figure 3b.
To characterize the sensitive quantitative ability to target

analytes, we conducted the calculation experiment of binding
affinity. The relationship between the statistical average
responses under gradient spike protein concentrations is
shown in Figure 3c. Due to the fact that ΔI/I0 ∝ n, we
employed the Langmuir equation (eq 4) to fit all the
experimental results, as follows:

θ =
+

C
K C( )D (4)

Here, θ is the response of the different detection methods. C
is the concentration of the introduced spike protein. The fitting
process was based on the following assumptions: (1) Fixed

receptors are uniformly distributed in the SLB. Each binding
site has the same binding capacity and can only capture one
spike protein molecule or virus with a spike protein, which
means that the Hill coefficient is 1. (2) ACE2 receptors, spike
proteins, and coronavirus are rigid in buffer solutions; as
shown in Figure 3c, the average response fits well with the
spike concentrations when using the Langmuir equation (R2 =
0.998).
Through statistical averaging, the KD value was calculated to

be approximately 1.531 nM through the current response ΔI/
I0 of our FET biosensor, which is similar to the biolayer
interferometry (BLI) results reported.37 To verify the perform-
ance of the proposed biosensor, the same SLB formation,
ACE2 assembly, and spike protein capture were also
conducted on the gold sensitive surface of QCM-D and
surface plasmon resonance (SPR), respectively. The real-time
response and the fitting of statistical results are shown in
Figure S7. Through statistical averaging as shown in Figure 3d,
the KD value was calculated to be approximately 24.871 nM of
SPR and 6.288 nM of QCM-D, which are close to the FET
results. Compared with the lower detection limit of QCM
(62.5 pM), the lower detection limit of our proposed FET
method is 2.5 pM. The higher sensitivity and lower detection
limit of the proposed FET method may be attributed to its
sensing mechanism based on the detection of transient charge
changes during interaction with target analytes. The electrical
sensing mechanism exhibits two obvious advantages. One is
that the direct Coulomb interactions make detection more
rapid; the other is that the threshold of the minimum analyte
that can be sensing is smaller due to the high precision of
electricity, which endows the FET sensor with faster and more
sensitive detection ability. In addition, the SLB-based FET
biosensor can not only shield the interference of nonspecific
binding but also can be used to monitor the translocation

Figure 4. Feasibility verification for the drug screening of the SLB-based lab-on-a-chip biosensor. (a) Real-time FET results of the SLB formation,
ACE2 receptor insertion, and HD5 peptide binding. (b) FET results of the drug inhibition efficiency of spike protein interaction with ACE2
receptors at three different concentrations. (c) FET current response of inhibition of the two drugs and their four-parameter formula model IC50 fit.
(d, e) Real-time FET response of HD5 (d) and hexapeptide (e) interaction with the chip. Statistical test data were repeated at least three times.
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behavior of biological or nonbiological components such as
nanoparticles, proteins, and nucleic acids.
The above results demonstrate that the proposed SLB-based

lab-on-a-chip biosensor has the ability of rapid response due to
the direct perception of charge change on the lipid membranes,
maintains phospholipid membrane activity in vitro, and
perfectly simulates cell membrane behavior. All of the above
implied that the developed system has great potential to
quantify the interaction between the ACE2 receptor and the
spike protein and monitor the dynamic behavior of the lipid
membrane infected with coronavirus in real time.
Drug Inhibition Test Using the Proposed SLB-Based

Lab-on-a-Chip Biosensor. To characterize the performance
of our biosensor for the screening of COVID-19 blocking
drugs, we further conducted drug inhibition experiments at
different concentrations. Previous studies have reported that
SARS-CoV-2 directly binds to ACE2 receptors of host cells
through spike proteins, facilitating the entry and replication
processes. Thus, there are several potential approaches to
addressing ACE2 receptor-mediated COVID-19, including
TMPRSS2 inhibitors, spike vaccines, soluble ACE2 receptors,
and ACE2 receptor blockers.39 The HD5 peptide and
hexapeptide showed high affinity to the host cell surface
ACE2 receptors,40,41 enabling the fourth treatment option
possible. Hence, they were employed as inhibition drugs for
blocking the interaction between ACE2 receptors and spike
proteins of SARS-CoV-2. In this study, the two drugs were
used as research objects to verify the evaluation effect of the
proposed lab-on-a-chip biosensor for the study of cell
inhibition of spike proteins.
As shown in Figure 4a, the real-time current decrease of FET

shows that the SLB and ACE2 receptors were embedded on
the chip surface, demonstrating the electrical resistance of the
SLB and negatively charged ACE2 receptors (Table S1). Then,
1 μg/mL HD5 peptide was added to preempt the ACE2
receptors and the spike proteins at different concentrations
were subsequently added. The four plots represent the results
of four independent experiments using different HD5
concentrations (0, 0.01, 1, and 10 μg/mL) to evaluate the
ability to distinguish the blocking efficiency of the same drug at
different concentrations, as shown in Figure 4b. The three
HD5 concentrations all showed significant inhibition, and the
inhibition efficiency increased with increasing HD5 concen-
tration. Moreover, whether drugs interact with ACE2 receptors
or with the spike proteins of SARS-CoV-2 in pharmacology,

the system has great potential for the screening of such
blocking drugs.
During the drug screening process, the medical half maximal

inhibitory concentration (IC50) value was calculated as a
quantitative measure that indicates how much of a particular
inhibitory substance is needed to inhibit a given biological
process or component by up to 50%. To characterize the
feasibility of the system for drug IC50 quantitative computa-
tion, we performed drug IC50 tests of HD5 and hexapeptide
with gradient concentrations. Following the same procedure
mentioned before, after SLB and ACE2 receptors were
embedded on the chip surface, the normalized real-time
responses of the gradient concentrations (0.0001, 0.001, 0.01,
0.1, 1, and 10 μg/mL) of the two drugs were determined, as
shown in Figure 4d,e. Apparently, HD5 responds about three
times as well as the hexapeptide at the same concentration,
corresponding to the higher affinity, as previously reported.
Here, a four-parameter formula (eq 5) model was used to
calculate the IC50 value of the drug.

= + −

+ ( )
y A

A A
2

1 2

1 x
x

p

0 (5)

where y is the normalized response and x is the drug
concentration. The lower asymptote is A2, the bottom of the
curve or lower plateau, and the upper asymptote is A1, the top
of the curve or the upper plateau. The steepness of the linear
portion of the curve was described by the slope factor p. The
parameter x0 is the concentration corresponding to the
response midway between A1 and A2.
The statistical average results and the parametric equation

fitting between inhibition and drug concentrations are shown
in Figure 4c, implying that the IC50 value of HD5 (0.2) is
significantly smaller than that of hexapeptide (2.2). The IC50
value is validated by the QCM-D method (2.98, Figure S8),
closely approximating the FET results and reported value (20
nM).42

Drug inhibition tests and IC50 calculations also indicate the
excellent quantitative capability of drug inhibition efficiency.

Screening of Drugs with Viruses. To demonstrate the
ability of the virus to respond to a spike protein, we performed
the same procedure with transmissible gastroenteritis virus
(TGEV). The assembly of SLB, ACE2 receptors, and 1 μg/mL
HD5 was performed as previously described. The red plot in
Figure 5 shows the response of the introduction of real TGEV

Figure 5. Response of the drug inhibition efficiency of the interaction between coronavirus and ACE2 receptors in the presence of two different
drugs. Three inserted illustrations represent different binding of our biosensor, including binding with coronavirus, weak inhibition by the
hexapeptide, and strong inhibition by the HD5 peptide.
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at different concentrations (ranging from 0.001 to 10 μg/mL),
implying a strong interaction between TGEV and the ACE2
receptors of our biosensor.
Furthermore, we performed the same experimental

procedure, distinguishing the hexapeptide that was used to
replace HD5, to evaluate the capability of our biosensor to
screen for better inhibition efficiency of different drugs. The
green plot in Figure 5 shows the response of TGEV at different
concentrations after the preemptive hexapeptide at a
concentration of 1 μg/mL. The hexapeptide-pretreated
response was significantly greater than the HD5-pretreated
response, illustrating the stronger inhibition efficiency of HD5
due to its higher binding affinity with ACE2 receptors.
According to the existing results, it is clear that the proposed
lab-on-a-chip biosensor has an excellent performance in
detecting real coronavirus samples and calculating the drug
inhibition efficiency with different concentrations for the
screening of COVID-19 blocking drugs. In general, a variety of
similar receptors can be embedded on the SLB to screen for
corresponding blocking drugs, which indicates the versatility of
our biosensor for other diseases.

■ CONCLUSIONS

In summary, we have demonstrated a supported lipid bilayer-
based lab-on-a-chip biosensor for rapid, label-free electrical
detection, which can be used as a platform for the screening of
effective inhibition drugs. The construction of SLBs with
ACE2 receptors on the surface of the gate electrode serves as a
simulated cell environment for biotarget capture and trans-
duction, which perfectly solves the contradiction between the
weakening of the binding signal and the interference of
nonspecific binding. The stability of detection was dramatically
strengthened, which was attributed to the excellent intrinsic
properties of the SLB and the uniform orientation of ACE2
receptors. The results indicated that the biosensor exhibits a
rapid and sensitive response to the spike protein of coronavirus
and presents remarkable capability to quantitatively inhibit
spike protein inhibition drugs, even for other similar protein−
lipid membrane interaction processes. Therefore, benefiting
from the label-free, low-cost, simple, and integrated advan-
tages, the supported lipid bilayer-based lab-on-a-chip biosensor
is promising for application in the efficient development of
coronavirus drugs in a convenient and easy-to-popularize way.

■ EXPERIMENTAL SECTION
Reagents and Materials. 1,2-Dioleoyl-sn-glycero-3-phosphocho-

line (DOPC) was purchased from Sigma-Aldrich (USA). The
angiotensin-converting enzyme II (ACE2) receptor was purchased
from Gene Universal (Anhui, China). Recombinant human novel
coronavirus spike glycoprotein (spike protein, molecular weight =
79.6 kDa) with FITC labeled on lysine was purchased from Maiji
Biotech (Tianjin, China). Human defensin 5 (HD5) was purchased
from Hycult Biotech (Shanghai, China). The hexapeptide was
synthesized by Scilight-Peptide (Beijing, China). The simulated
coronavirus, transmissible gastroenteritis virus (TGEV), was
purchased from Harvac Biotechnology (Harbin, China). All chemicals
were used directly without further purification. The DOPC, ACE2
receptors, spike protein, and receptor block peptide all used 1× PBS
(phosphate buffer saline, pH = 7.4) as a solvent at 25 °C.
Characterization. The assembly process of the lipid bilayer and

ACE2 receptors was monitored using a Q-Sense E1 (Boiling
Scientific, Sweden). FRAP experiments were performed by a laser
confocal microscope (Leica TCS SP8). SPR experiments were
conducted using a P4SPR (Affinity Instruments, Canada). The

morphology results were obtained using a NanoWizard 4 (Bruker,
Germany) in QI mode using an SLN-10 probe with a 2 nm tip radius
and a spring constant of 0.35 N/m.
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