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ABSTRACT

The construction of flexible platform possessing the functions of immobilizing,
separating, rinsing, and high-throughput analysis plays a significant role in biological
and clinical research. Herein, hollow-channel technique was integrated with
lab-on-paper for the simultaneous determination of two different concentrations of
Zn** based on the origami principle, in which microfluidic channels were first
patterned on a cellulose paper using commercial solid-state wax printer.
Hollow-channels were created by laser cutting method as the role of both injecting
ending and reaction tank. After screen printing three electrodes system, the resulting
planar paper sheets were then folded into steric structures and functionalized by

in-situ synthesized reduced graphene oxide. As a proof-of-concept, such lab-on-paper



device was employed in the ratiometric electrochemical monitoring of zinc ion from
the environment and HepG2 cells extract, by combining with co-catalysis of porous
metal-organic frameworks and hemin/G-quadruplex toward H,O, in the linear range
of 0.1-7,000 nmol/L. The results indicated that integrating hollow-channel with steric
lab-on-paper offered a new methodological approach for the development of metal
ions monitoring research. It is believed that it could be useful for various point-of-care
related research fields, such as, on-site environmental monitoring, food safety, and

disease diagnosis.
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monitoring, Zinc ion

1. Introduction

Paper-based microfluidic devices: (PMDs), incorporating the simplicity,
portability, and disposability of paper-strip tests with the multi-function and analysis
of conventional lab-on-a-chip devices for analyte detection, have emerged as a
promising solution to the need for low-cost diagnostic systems [1-7]. Some drawbacks,
however, existing in _traditional PMD are low rates of convective mass transfer and
significant nonspecific adsorption due to the high surface area of the cellulose fibers.
Hollow-channel based lab-on-chip devices, as newly arise platform which developed
by Crooks’s group [8] become popular in recent years. And now, they are widely
applied for the determination of cancer biomarkers, glucose and bovine serum
albumin (BSA) assays [9-11]. In this work, a high-throughput analysis pattern was
first introduced into PMDs having hollow channels to analyze the target object, which
laid a significant foundation for the development of various portable paper-based
devices.

Recently, trace metal ions in the cells and the environment becomes one of the
important concerns due to their assignable function in the biological system and
deleterious effects on the public health [12-14]. Zinc ion, as an essential element

required by all cells, plays a significant role in gene transcription and neural signal



transmission [15-17]. Therefore, developing methods for selective determination of
zinc ions in living systems are of central importance. For this purpose, a variety of
techniques, including neutron activation techniques [18], fluorescence methods,
colorimetric methods have been developed for the determination of Zn** [19].
However, a universal problem lurked in colorimetric detection is that it can only be
used in qualitative or semi-quantitative measurement and is unable to give accurate
results [20,21]. Several other methods could hardly work without specific devices
which were normally exorbitant, and intricate, and thus not applied to point-of-care
(POC) testing. Thus, a new technology is in urgent need for user-friendly and precise
detection of Zn*. An innovative way inspired by dual-wavelength fluorescent
ratiometric method integrating ratiometric electrochemistry with steric PMDs was
first proposed, which may be a preferred technique since no complicated equipment
was required and the built-in correction of internal reference signal could eliminate
the environmental interferences. To the best of our knowledge, there is no report on
the establishment of high-throughput ratiometric PMDs for the zinc ion detection have
been published.

As a class of promising hybrid functional materials, porous metal-organic
frameworks (MOFs) have caused extensive concern since they were discovered
[22-29]. They present many unique properties with unprecedentedly large and
permanent inner porosity, and especially their pore size and surface functionality can
be easily tuned upon selection of different metal ions and organic bridging ligands
[30-34].7 Accordingly, MOFs have been widely used in many fields, such as gas
storage and separation, catalysis, drug delivery and sensing [35-38]. Currently, a
series of porous iron-porphyrinic MOF ((Fe-P),-MOF) have been synthesized and
used in analytical field for detection of H,O, and ascorbic acid due to their super
peroxidase activity [39]. In this work, to further enhance its catalytic performance,
three-step amplification strategies were adopted. Firstly, reduced graphene oxide (rGO)
with large surface area was in situ synthesized on the paper-based working electrode
(rGO-PWE) through electro-reduction process, which could not only increase the

conductivity of the device (Fig. S1 online) but also aggrandize amount of fixed



(Fe-P),-MOF, thus dramatically enhanced its catalytic properties. Secondly, rolling
circle amplification (RCA) [40-43] as well as hemin were integrated for generating
vast repeated hemin/G-quadruplex structure, which acted as HRP-mimicking
DNAzyme. Thirdly, strong co-catalysis of MOF and hemin/G-quadruplex toward
H>O, were observed for the first time and integrated in one system as effective
approach for advancing catalytic activity.

In this work, a flexible steric lab-on-paper device was demonstrated by
incorporating origami skill as well as intelligently designing the configuration of fluid
flow passage. Three-step amplification strategies and ratiometric electrochemistry
made great contributions to the excellent sensitivity and .a wide linear region for
analysis of Zn**. Two paper working zones on a small piece of paper were applied to
determine two different concentrations of Zn** simultaneously, which could not only
simplify operation process and shorten experiment time, but also cost savings. We
believe that this novel ratiometric paper based device will open a new horizon for the
rational devise integrated platforms with the distinct features of maximum
functionality at minimized size and weight, and broaden the potential applications of
lab-on-chip device in POC testing:

2. Experimental
2.1. Materials and methods

Graphene oxide (GO), 5,10,15,20-tetrakis(4-carboxyl)-21 H,23H-porphyrin
(TCPP), N,N-dimethylformamide (DMF), FeCl;6H,O, and chitosan ( = 85%
deacetylation) were obtained from Sigma-Aldrich Chemical Co. Whatman
chromatography paper no. 2 (58.0 cm x 68.0 cm) was obtained from GE Healthcare
Worldwide (Pudong Shanghai, China) and used with further adjustment of size (A4
size). All chemicals and solvents were used as received with the analytical grade or
above. Ultrapure water obtained from a Lichun water purification system (=18.25
MQ cm, Jinan, China) was used in all assays and solutions.

2.2. Design of steric lab-on-chip device
The method for the fabrication of steric PMDs was adapted from our previous

work [44,45]. The shape for wax-printing of this paper-based device was designed



using Adobe Illustrator CS4. As shown in Schemes 1, 2 and Fig. S2 (online), the 3D
lab-on-paper device was composed of three electrodes, one screen-printed Ag/AgCl
reference electrode (7 mm) (Scheme 1la(l)) and screen-printed carbon counter
electrode (7 mm) (Scheme 1a(3)) on the reference tab (45 mmx 41 mm), one
screen-printed carbon working electrode (5 mm) (Scheme 1b(6)) on working tab (45
mmx 41 mm). Two holes in reference tab (Scheme 1a(2)) were injection ports used to
sample added. Another two holes in passageway tab were designed for reducing
nonspecific adsorption of sample by the cellulose fibers. The crown-like paper-based
hydrophobic regions in passageway tab (Scheme 1a(4)) were used as electrochemical
cells to connect three-electrode system in one system. After being folded along the
fold line, the steric lab-on-chip device was clamped between the circuit boards
(Scheme 1d). Finally, the three electrodes will be connected once the paper
electrochemical cell was filled with buffer solution. To better understand the flowing
route of the sample, three dimensional stereogram of the paper-based device was
drawn (Scheme 2). From the figure we can see, sample added into the hole of the
reference tab flowed down to the hole in passageway tab, then reached working
electrode. At the same time, the liquid in passageway tab flowed into the reference
and counter electrodes through middle layer of the paper. Finally, three electrodes

system was structured as expected.
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Scheme 1 (Color online) Design of the steric lab-on-chip device. Front (a) and back patterns (b) of
this lab-on-chip device after baking, (1) screen-printed reference electrode, (2) via hole, (3)
screen-printed carbon counter electrode, (4) crown-like paper-based hydrophobic regions, (5)
rGO-PWE, (6) screen-printed carbon working electrode. (c) The steric lab-on-chip device was
folded like the pictured here. (d) Photograph of the front and back (e) cover of constructed

paper-based device clamped between the circuit boards.
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Scheme 2 (Color online) Fluid transmission route during this steric origami-based device. (a, b)
The schematic representation mutual alignment of the three tabs after paper-based device was
folded; (c) different concentrations of zinc ion were added into each injection ports in reference

tab and the blue mark indicated invasion zone of the sample solution.



2.3. Synthesis of capture probe functionalized (Fe-P),-MOF

The (Fe-P),-MOF was prepared according to the previous literature with some
revisions [46]. In a typical experiment, TCPP (39.54 mg), FeCl;-6H,0 (40.55 mg),
and HCI (0.1 mol/L) were added into a mixture containing a mixed solvent of
DMF/ethanol (12 mL, 1:2 of v:v) with 40 min’s ultrasonication. Next, the solution
was heated in a Teflon-lined autoclave at 150 °C for 50 h. The browned crystals were
collected by centrifugation and washed with DMF and ethanol for three times and
then dried in vacuum at 60 °C. Then, 6.0 mg of (Fe-P),-MOF was dispersed in 1 mL
of ethanol. The dispersion was added to a mixture containing 0.2'mL of ammonium
hydroxide, 13.8 mL ethanol and 1.8 mL of tetramethoxysilane by stirring for 2 h at
room temperature. Then the products were collected by centrifugation at 12000 rpm
for 10 min and thoroughly washed by ethanol and dried under vacuum overnight.
Subsequently, the obtained products were added into 4 mL of 20 mmol/L
3-mercaptopropyltrimethoxysilane (MPTS) ethanol solution and refluxed at 65 °C for
4 h. Finally, the product was collected by centrifugation and washed with water for
four times and finally dried under vacuum at 50 °C for 12 h.

To further load Au NPs on MPTS modified (Fe-P),-MOF, 4 mL of Au NPs
solution [47] was mixed with 1 mg of MPTS modified (Fe-P),-MOF with shaking for
3 h. The resulted composite was collected by centrifugation, and washed with water
for several times.

A 90 pL of capture probe (10 pmol/L) solution activated with
tris(2-carboxyethyl)-phosphine hydrochloride was added to the suspension of Au
NPs-(Fe-P),-MOF and the mixture was stirred mechanically for 24 h. Afterwards,
6-mercapto-1-hexanol was used to block residual nonspecific active sites. Then, the
product was dispersed in 0.5 mL of 50 mmol/L tris-acetate buffer (containing 0.3

mol/L NaCl, pH 7.0) and stored at 4 °C for use.

2.4. Preparation of rGO-PWE



Briefly, 0.5 mg/mL of GO nanosheets solution was sprayed onto the surface of
the bare PWE and then dried in air. Then, the obtained paper was transferred to 0.1
mol/L. Na,SOy to electrochemically reduce GO at a constant potential of 0.9 V. After
the electro-reduction reacted for 2,000 s, the rGO modified PWE was obtained and the
resulted rGO-PWE electrodes were washed with ultrapure water.
2.5. Assay procedures on the steric lab-on-paper device

The detailed test procedures for the Zn** biosensor were represented in Fig. 1.
First, 2.0 uL of 0.5 mg/mL chitosan was added into the rGO-PWE and naturally dried.
Once activated with 2.0 uL of 2.5% glutaraldehyde for 30 min and washed with water,
10 pL of capture probe functionalized (Fe-P),-MOF (strand A). was applied to the
paper working zone at 4 °C overnight. After blocking with 1% BSA for 40 min, 20 uL
of substrate strands (strand C) were added to the capture-modified electrode and then
incubated at 43 °C for 3 h. After rinsing with 50 mmol/L tris-acetate buffer (pH 7.0) to
remove unbound oligonucleotides, 10 uL: primer probe (strand B) was spread on the
PWE and reacted at room temperature for 2 h, followed by washing twice with
phosphate-buffered-saline (PBS) buffer. Then, 10 uL of reaction liquid, containing
Ixligase buffer, 0.2 U T4 ligase, and 50 nmol/L circular template probe, was
deposited dropwise on the surface of the PWE and reacted for 1 h at 37 °C. The
unbonded probe was rinsed out with doubly distilled water. Next, RCA reaction was
initiated with the injection of 5 units of phi 29 DNA polymerase and dNTP (1.0
mmol/L) and continued for 1 h at 37 °C. Eventually, 0.4 mmol/L hemin was added
and allowed to set undisturbed for 30 min and then the RCA reaction was finished

(Fig. 1cl).
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Fig. 1. (Color online) Illustration of the fabrication procedures for the (Fe-P),-MOF (a), RCA

reaction (b) and detection mechanism (c).

Finally, 5.0 pL of ZnCl, solution with specified concentrations were added into
the two surfaces of the working electrode at 37 °C for 40 min, followed by washing
with PBS (Fig: 1¢2). Then the paper was folded as Scheme 1c and clamped between
the circuit boards (Scheme 1d) to fix and connect this paper based device to the
electrochemical work station. At last, the electrochemical measurements were carried
out in-5.0 pL of 0.1 mol/L PBS with 1.0 mmol/LL H,O, and 10 mmol/L. o-PD. A
differential pulse voltammetry scan from -0.8 to 0 V was performed to record the

amperometric response for different concentrations of Zn**

3. Results and discussion

3.1. Characterization of Au NPs-(Fe-P),-MOF and rGO-PWE
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Fig. 2. (Color online) (a) XRD pattern of the (Fe-P),-MOF; (b) UV-vis absorption spectra of (1)

Au NPs, (2) (Fe-P),-MOF, and (3) Au NPs-(Fe-P),-MOF.

The phase and structure of the synthesized products were examined by X-ray
diffraction (XRD) (Fig. 2a). The diffraction peaks around 7.48°, 18.41°, 23.72° and
31.25° indexed to (100), (200), (111), and (121) planes, respectively, were observed
[48], indicating the successful fabrication of (Fe-P),-MOF. Ultraviolet-visible (UV-vis)
absorption spectra of Au NPs (curve 1 in Fig. 2b), (Fe-P),-MOF (curve 2 in Fig. 2b)
and Au NPs-(Fe-P),-MOF (curve 3 in Fig. 2b) were plotted. The Au NPs revealed an
obvious absorption peak at 520 nm. While, a visible Soret band at around 423 nm
attributed to the coordination reaction between iron atoms and porphyrin was
observed for (Fe-P),-MOE As expected, two distinct adsorption peaks from Au
NPs-(Fe-P),-MOF were observed in curve 3, suggesting the successful modification

of Au NPs on (Fe-P),-MOEF.



Fig. 3. SEM images of (a) rGO-PWE and (b) (Fe-P),-MOF; TEM images of Au NPs (c) and Au
NPs-(Fe-P),-MOF (d). The inset of (a), (d), and (b) were SEM images of bare PWE, Au

NPs-(Fe-P),-MOF, and TEM image of (Fe-P),-MOF, respectively.

The successful growth-of rGO on cellulose fibers was confirmed by scanning
electron microscopy (SEM) (Fig. 3a). An obviously continuous and dense rGO
conducting layer on the cellulose fiber surface in paper sample zone was observed
compared with the bare PWE (inset of Fig. 3a), indicated that rGO was successfully
grown-on the surfaces of the PWE. The morphology of the as-prepared (Fe-P),-MOF
NPs was shown in Fig. 3b. It was distinctly found that crescent-like (Fe-P),-MOF NPs
with the diameter of 180-300 nm were obtained from the SEM image. Inset of Fig. 3b
presented the result of transmission electron microscopy (TEM) image of
(Fe-P),-MOF, in which mono-disperse NPs could be easily identified. The Au NPs
with an average diameter of 13 nm (Fig. 3c) were well dispersed on the surface of
(Fe-P),-MOF matrix (Fig. 3d), indicating the successful modification of Au NPs on
(Fe-P),-MOF using MPTS linker.

3.2. Feasibility of the ratiometric steric lab-on-paper device



A feasibility study of the steric lab-on-paper device at different electrodes in pH
7.0 nitrogen-saturated PBS containing 1.0 mmol/LL HO, and 10 mmol/L. o-PD was
investigated (Fig. 4a). When the capture probe functionalized (Fe-P),-MOF was
added into the working tab, a slight peak current at —-0.64 V (curve 1) was observed,
which came from the signal of o-PD in electrolyte. After the substrate probe was
successively introduced on the proposed electrode, a new peak current at around-0.22
V appeared accordingly (curve 2), which was attributed to electroactive species-MB
linking to the surface of the PWE. However, noticeable increase in both of the
electrochemical signal was observed after the RCA reaction (curve 3) because a good
deal of H,O, was catalyzed and turned into reactive oxygen species enhancing the
current signal, which verified that the catalytic properties- of MOF were raised
substantially under the synergy catalysis of hemin/G-quadruplex. Additionally, in
order to identify target responsive capability of the ratiometric steric lab-on-paper
biosensor to Zn**, two concentrations of Zn** standard solution (100 and 300 nmol/L)
were added into the electrolyte, respectively. The current signal at -0.22 V decreased
gradually with increasing concentrations of Zn>* (curves 4 and 5) because Zn>* could
be recognized by the capture probes, resulting in breakage of ribonucleic acid targets
[49,50]. However, the current signal at -0.64 V was changed at the same time, which
may be caused by the environmental interferences. To better understand the
mechanism _for the proposed biosensor, more detailed descriptions were shown in the
supporting information.

Electrochemical impedance spectroscopy (EIS) could give the interface
properties of the working electrodes in the assembly process, which was proceeded in
a background solution of 0.1 mol/L PBS (pH 8.0) containing 5.0 mmol/L
[Fe(CN)6]3_/4_ and 0.1 mol/LL KCI. As shown in Fig.4b, after the rGO nanosheets and
chitosan were grown onto PWE, the electron-transfer resistance (Re) decreased
significantly (curve 2) compared with bare PWE (curve 1), indicating that excellent
conductivity was brought by rGO nanosheets and chitosan to promote the electron
transfer. Noteworthy increase in the R.; value was observed with addition of capture

probe (curve 3), 1% BSA (curve 4), substrate probe (curve 5) and primer probe (curve



6) on the surfaces of the chitosan modified rGO-PWE, suggesting the successful
stepwise fabrication of the proposed biosensor. Further clearly increase of the R, was
observed after RCA reaction (curve 7), which might be caused by suppression of the
formation of the numerous G-quadruplex structures, suggesting that this steric

lab-on-paper biosensor was fabricated as expected.
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Fig. 4. (Color online) (a) Electrochemical responses of the stepwise fabrication of the lab-on-chip
device; (b) Nyquist plots of the modified PWE at different stages; (c) Gel-electrophoresis analysis
of the DNA. Hybridization of (lane 1) capture probe and substrate probe, (lane 2) capture probe,
substrate probe and primer probe, (lane 3) capture probe, substrate probe, primer probe and

circular template; lane 4: RCA products.

Besides, the gel electrophoresis experiments were utilized to further confirm the
feasibility of the steric lab-on-paper device and the results were shown as Fig. 4c.
When the capture probe and the substrate probe were mixed, a single strong spot (lane
1) was observed. After adding the primer probe to the above obtained sample, a band
at a shorter electrophoresis distance was obtained (lane 2), which indicated that these
three kinds of DNA probe hybridization reaction occured. After circular template
probe was added, a new shorter electrophoresis distance was obtained (lane 3). Finally,
the obtained RCA products showed extremely low mobility (lane 4) after RCA
reaction reacted. Taken together, these tests demonstrated that our proposed method
could be used for detection of Zn**.

Once again, the enhanced catalytic properties of MOF were proven by a

macroscopic chromogenic reaction of 3,37,5,5 -tetramethylbenzidine (TMB) using a



new paper-based device (Fig. S3 online). To ensure the accuracy of each
measurement, the subjective steric configuration of paper used for colorimetric
detection was identical with electrochemical detection. The differences were that three
electrodes were not printed and one colorimetric detection zone was added for
providing a place to carry out the chromogenic reaction. After the RCA reaction
reacted, 10 pL. of 20 mmol/L. TMB and 3% H,0, were added to the colorimetriczone.
Then 20 pL of PBS was added into the electrochemical detection zone. The obtained
results were shown in Fig. 5a. From the figure we can see, the intensity of
chromogenic reaction was slight only when capture probe function alized
(Fe-P),-MOF was present. Similarly, using capture probe-PWE as substrate,
chromogenic strength was also insignificant after the RCA reaction. However, when
the capture probe functionalized (Fe-P),-MOF rand- RCA products existed
simultaneously, the substrate reaction was clear, which indicated that
peroxidase-mimicking properties of the MOF were enhanced and the RCA process
was conducted.

To further vertify RCA reaction indeed reacted on the PWE, carbon dots (Fig. S4
online) labelled DNA probe (the base sequence of this probe was shown in the
supporting information) was employed to hybridize with the RCA products to produce
a visual fluorescence signal. As described in Fig. 5b, a fairly high fluorescent signal
was achieved with primer probe, circular template probe and carbon dots labelled
DNA probe modified PWE, which not only indicated that the RCA reaction did react

on the functional PWE but also proved that our developed method was feasible.
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Fig. 5. (Color online) Performing RCA on the paper-based device. Detection of RCA products
through: (a) colorimetric assay mediated by the RCA products; (b) photographs of carbon

dots-labeled DNA oligonucleotide under fluorescent assay.
3.3. Electrochemical performance

The practical application properties of the steric lab-on-paper device were
investigated. Under the optimal experimental conditions (Fig. S5 online), quantitative
analysis of the Zn>* concentration was based on the ratio of the current intensity of
0-PD to the current intensity of MB. intensity (I_o.¢4/I_.22). When incubated with Zn**,
the current at —0.22 V.-decreased with the increase of Zn** concentration,
accompanied by changes in current intensities of the reference band at —0.64 V (Fig.
6a). We suspected that the intensity of current varies in -0.64 V may come from small
environmental change of the working electrode placed. The linear relationship (Fig.
6b) could be represented as [_oe¢s/l 922 = 1.62x10™ ¢ + 1.13, with the correlation
coefficient of R’=0.997, where ¢ was the value of Zn>* concentration. The detection
limit of the proposed ratiometric sensor was 0.03 nmol/L (S/N=3), with a linear range
of 0.1-7,000 nmol/L, which was much lower than other sensors reported previously
(Table 1). Compared with these methods, our developed sensor has a relatively large

linear range and low detection limit.
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Fig. 6. (Color online) (A) Electrochemical responses of the system to different concentrations of
Zn** (from a to g: 0.1, 10, 300, 1,000, 3,000, 6,000, 7,000 nmol/L) in N,-saturated pH 7.0 PBS
buffer containing 10 mmol/L o-PD, 1.0 mmol/L. H,O,. (B) Linear plot of Zn** concentration
versus the ratio of the current intensity of o-PD to MB. (C) Specificity of the biosensor over
several metal ions. The biosensor was mixed with Zn** (6 umol/L), other metal ions (0.6 mmol/L
of Cu®, Fe*, Cd™, Hg®*, Mn™, Mg”*, Ag"), blank solution and their corresponding mixture,

respectively.

Table 1 Results of comparing with other immunoassay biosensing systems.

Linear range Detection limit
Detection methods Ref.
(nmol/L) (nmol/L)
Stripping voltammetry - 8 [51]
Fluorometric method 1-30 0.47 [14]
Fluorescent chemosensor 1,000—30,000 - [52]

Electrochemical sensor 0.1-7,000 0.03 This study




The complexity of the environmental samples bring enormous challenges to the
detection method for Zn** in sensitivity and selectivity. Therefore, to test the
specificity and selectivity of our developed ratiometric steric lab-on-paper device,
seven cations, including Cu®*, Fe**, Cd**, Hg**, Mn**, Mg**, Ag* and the mixture of
Zn’" and above seven cations, were examined and the obtained results were shown in
Fig. 6¢. The biosensor exhibited 3-fold higher current signal for Zn™, as compared to
other metal ions with 100-fold higher concentration than Zn**. The excellent

selectivity made the biosensor suitable for working in the complex biological system.

3.4. Zn’* detection in cell extract

To verify the practical application of our developed steric lab-on-paper device,
the device was applied to Zn** detection in HepG?2 cells extract, which was prepared
according to the previous literature [53]. The Zn** concentration in the samples was
calculated to be 1.8+£0.15 umol/L by standard addition method. This value agreed well

with that reported previously [14].

3.5. Zn* detection in real water samples

Table 2. The analysis of Zn*" in real water samples (n=3)

Sample Zn™ added (nmol/L)  Zn** found (nmol/L) Recovery (%)
1 1 0.91+0.12 91
2 5 5.08+0.17 102
3 10 10.134£0.19 101
4 15 15.26+0.14 102
5 20 21.07+0.05 105

The real-world applicability of the proposed platform is demonstrated once again
by measuring five groups of water samples from our lab’s tap. Then, recovery
experiments of Zn** were conducted by spiking different concentrations of Zn**

standard solution into 10-fold diluted real water samples. As shown in Table 2, the



recovery values were in the range of 91%-105%, indicating that our proposed
biosensor could measure Zn>* accurately in real samples.

4. Conclusion

In summary, a unique steric lab-on-paper device with hollow-channel was
designed for simultaneous determination of dual analytes by intelligently designing
the configuration of fluid flow passage. Interestingly, the environmental interferences
could be eliminated ascribe to the built-in correction of ratiometric signal generated
from o-PD existed in electrolyte, making the analytical result more accurate and
reliable. It has been demonstrated that such devised paper-based device allows for the
sensitively determination of zinc ion in HepG2 cells extract and real water sample
with acceptable performance possessed. We believed. that steric lab-on-paper device
will serve as a powerful platform for basic scientific research, and will bring many
convenience in a wide range of practical applications, such as, environmental
monitoring, food safety and healthcare. Following the current work, further efforts
will be made by us to improve the user-friendliness and suitability of on-site analysis
applications, which will enable the practical use of steric lab-on-paper device by

untrained end-users to easily achieve reliable analytical results.
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