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Abstract: In clinical diagnosis, monitoring of uric acid (UAg generally realized by
combining uricase with natural peroxidase. The wo$ebio-enzymes, however,
shadows some highlights of these methods due ip\tberable activities against
environments. Herein, we report a novel biosenswr the natural enzyme-free
colorimetric detection of UA by using CoP nanoshaeays grown on Ni foam (NF)
as a monolithic peroxidase mimic. The integrateaoagme can be put into and taken
out from reaction systems conveniently with onlyeézers, making it possible for
on-demand analysis. As demonstrated, the obtaingé/NF- exhibits outstanding
peroxidase-like activity to trigger the oxidationeaction of colorless
3,3'5,5'-tetramethylbenzidine (TMB) to a blue pradTMBox) mediated by bD..

It is found that the blue TMBox can be reduced tdbodess TMB again by UA
selectively, thus the presence of UA in solutionl suppress the color reaction of
TMB. Based on this principle, an uricase-free hisee is developed for the
photometric determination of UA, providing a widetection range of 1~20M and

a limit of detection down to 1.QM. In addition, the fabricated biosensor can be
applied for measuring UA in clinical samples witkenits of simple operation and
good reliability, exhibiting its great promise ilinical diagnosis.

Keywords: Monolithic nanozyme; On-demand analysis; UA; Natwwazyme-free;

Colorimetric detection



10

11

12

13

14

15

16

17

18

19

20

21

22

1. Introduction

Uric acid (UA) is a final product of the purine rabblism process in human body.
However, the abnormal UA level in body fluids caause a series of diseases
including arthritis, urolithiasis and Lesch-Nyhamdrome [1-3]. In addition, the UA
level is also an important indicator for pneumoniad leukemia [4]. Therefore,
efficient detection of UA in serum and urine hashad to be a significant means for
disease prevention and diagnosis.

In clinical practice, detection of UA is generalighieved via the combination of
uricase with natural peroxidase [5, 6].The urichsst catalyzes UA into allantoin,
simultaneously producing the .8, intermedium, which is then catalyzed by the
natural peroxidase and detected electrochemically optically [7-10]. This
uricase-peroxidase coupling method provides extefelectivity and sensitivity for
UA monitoring. However, the use of natural enzyrsleadows some highlights of the
method, because the two bio-enzymes used are eesjtise to surroundings (pH,
temperature, chemical reagents, etc.) and theirevable activities may result in the
poor stability, repeatability and storability obsensors.

In recent years, a few nanomaterials with enzyike-tharacteristics (nanozymes)
have been explored as an alternative of naturadxmplse, oxidase or superoxide
dismutase [11-16]. In comparison with tradition&-bnzymes, nanozymes exhibit
significantly enhanced stability against harsh emwnents [17, 18]. In addition, it is
relatively easy to utilize advanced nanotechnokggemassively prepare nanozymes

and skillfully tailor their properties at low co$tith these advantages, nanozymes are
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playing important roles in chemical, analytical dasidmedical applications [12, 17,
19]. On this occasion, Lu and co-workers develotfexl metal-organic framework
MIL-53(Fe) as a peroxidase mimic and incorporatewith uricase to realize the
colorimetric detection of UA [20]. Subsequently, F&0, particles [21], CoSe
nanocrystals [22] and G{[23] were also employed as mimetic peroxidasesUar
biosensing. Among these developed methods, alththelexplored nanozymes can
play the role of peroxidase, the natural uricasstiis required for UA detection.
Hence, the common shortcomings of an enzyme-bdsediisor, as mentioned above,
still leave significant room for improvement.

Herein, we report an integrated nanozyme-basedy afsa the colorimetric
detection of UA with no use of any natural enzymex. the first time, CoP nanosheet
arrays grown on Ni foam (NF) were fabricated as @nalithic peroxidase mimic,
which exhibits outstanding peroxidase-like actiiytrigger the oxidation reaction of
colorless 3,3'5,5-tetramethylbenzidine (TMB) tokbdue species (TMBox) in the
presence of bD,. It was found that the blue TMBox can be reducedalorless TMB
again by UA selectively, so the presence of UAdtusons can suppress the color
reaction of TMB. On the basis of this principlegtJA level can be detected by
measuring the absorbance decrease of TMBox. Tha marelty of our assay is
concluded as follows: (1) unlike previous bi-enzyonesingle-enzyme biosensors, the
proposed assay works based on the suppressioe gbtor reaction of TMB (which
easily occurs in the presence of the CoP/NF peasednimic and pD,) by UA

specifically. More importantly, neither uricase matural peroxidase is required. This
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characteristic endows the developed assay withllertetability and repeatability in
practical use; (2) also unlike previously reponedoxidase mimics that are dispersed
in solutions [24], the active CoP nanosheet areagsntegrated on a bulk support (Ni
foam). The resulting monolithic nanozyme can beiptat and taken out from reaction
systems conveniently with only tweezers, and thalglic reaction can be stopped
and reinstated optionally, making it possible fardemand analysis. This is different
from previously reported dispersed nanozymes intgwls, in which complicated
centrifugation or magnetic separation is requiré@rause. This character in our
sensor also avoids the use of strong acid likB@4 as a reaction termination agent.
Based on these advantages, enzyme-free colorintgtéction of UA in body fluids
can be realized by our integrated nanozyme-basay.as
2.Experimental
2.1. Materials and chemicals

NF (99.8% in purity, 0.5 mm in thickness and 97.R¥fporosity) was purchased
from Changsha Liyuan New Materials Co., Ltd. CeS®L0O, urea, sodium acetate
(NaAc), acetic acid (HAc), TMB, #D,, UA, ascorbic acid (AA), glucose (Glu),
cholesterol (Chol) and triglyceride (Trig) were ainied from Sinopharm Chemical
Regent Co., Ltd. NajPO, was provided by Shanghai Macklin Biochemical Cdd,
All other chemicals were of analytical grade aneclly used as received. Deionized
water was utilized throughout this research.
2.2. Fabrication of the CoP/NF peroxidase mimic

Prior to preparation, the NF substrate was pretteaiccording to our previous
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report [25]. The CoP/NF peroxidase mimic was fadigd via a two-step procedure.
First, a hydrothermal synthesis process was caoigdo grow Co(OH) nanosheet
arrays on the NF substrate. To be specific, 1.L€b§Q: 7H,0 and 1.90 g urea were
dissolved in 30 mL deionized water with a mild gtr 20 min; the mixture and a
piece of 1 cmx1 cm treated NF were transferred & anL Teflon-lined stainless
steel autoclave for reaction at 12@or 48 h; after reaction, the formed Co(GQHI)F
was sequentially rinsed with ethanol and deionizater several times and dried in a
vacuum oven at overnight. Then, a phosphorization process watpeed to
transfer the prepared Co(OH)anosheets into CoP arrays [26, 27]. In detgiieae
of Co(OH)/NF and 0.6 g NapHPO, were placed in two nearby quartz boats (with
NaH,PQO; in the upstream boat of the furnace tube) andeldeait 300 for 1 h in N
atmosphere. After phosphorization, the product eadiected for use.
2.3. Characterization of the CoP/NF peroxidase mimic

The morphology of materials was examined by a JB@LOF field emission
scanning electron microscope (FESEM, JEOL). Thdasar composition of the
CoP/NF product was probed by an ESCALABMK-250Xi a§r photoelectron
spectroscope (XPS, Thermo-Fisher Scientific) withK& radiation as the excitation
source. X-ray diffraction (XRD) measurements werenducted on a 6100
diffractometer (Shimadzu) with Cuckradiation.
2.4. Colorimetric measurements

All colorimetric measurements were performed on ary454 UV-Vis

spectrophotometer (Agilent Technologies). An 8 mNB stock solution was
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prepared with ethanol for usep®}b stock solutions with various concentrations were
daily prepared. Unless other states, a piece ofr&xBmm (or 1 cmx1 cm) CoP/NF
was used as the peroxidase mimic. The time-depénaesorbance changes of
different reaction systems were recorded with @agertime interval. The apparent
steady-state kinetic measurements were performeddayding the absorbance at 652
nm at a 5 s interval within 1 min.

For UA biosensing, UA stock solutions with varioosncentrations were first
prepared with phosphate buffer (0.1 M, pH 8.5). M B0uL of UA stock solution
with a certain concentration, a piece of the CoPidRozyme, 2.32 mL of 0.2 M
NaAc-HAc buffer (pH 4.0), 15QL of 9.8 M H,O, stock solution and 50 mL of 8 mM
TMB stock solution were mixed and incubated at!3@r 35 min. Afterwards, the
absorption spectrum was recorded after removingQbB/NF nanozyme from the
reaction solution.

The UA level in human serum and urine (these dingamples were provided by
the Affiliated Hospital of Jiangsu University) waketected by the developed UA
biosensor. For each serum sample, we eliminategnbiein species in advance via
acidizing serum and centrifugation at 12,000 rpm3© min. Afterwards, 10QL of
the serum supernate, a piece of the CoP/NF nanqgZmenL of 0.2 M NaAc-HAc
buffer (pH 4.0), 15Q.L of 9.8 M H,O, stock solution and 50 mL of 8 mM TMB stock
solution were mixed and incubated under optimizedddions. After 35 min, the
absorption spectrum was recorded. For each urimglsa a dilution of 2.67 times

with 0.1 M phosphate buffer (pH 8.5) was performetbre analysis.
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3. Resultsand discussion
3.1. Preparation and characterization of CoP/NF
(Please insert Figure 1 here)
Figure 1. (A) illustrates the fabrication procedure of CoP/NB), (C) and (D)
depicts the SEM images of NF, Co(QM)F and CoP/NF, respectively.

As illustrated in Figure 1(A), the monolithic CoHfNperoxidase mimic is
fabricated by combining a hydrothermal synthesithwai phosphorization treatment.
The two processes are performed with no complicagetation, and they have been
widely used to synthesize phosphide nanostruc{@&s0]. In the present study, we
employed the SEM technique to inspect the faboogprocedure. As shown in Figure
1(B), the NF substrate exhibits a clean and smsotface with no material/structure
on it. After the hydrothermal synthesis procesdayer of Co(OH) nanosheets is
grown on the NF surface (C). These interconnedtegts have a thickness of several
nanometers, providing a larger surface comparedRoAfter phosphorization, it is
found that the formed CoP nanosheets are well adray the NF surface (D). Besides,
there are a large number of nanoparticles covdahegsurface of these nanosheets.
This architecture mainly originates from the delayidn of Co(OH) nanosheets and
the subsequent phosphorization under high temperakhe SEM proof demonstrates
that CoP nanosheet arrays have been integratedron N

To further confirm the composition of CoP/NF, th&kX pattern of CoP/NF is
depicted in Figure S1 (Supporting Information). Tgteosphide product (diffraction

peaks of Ni foam are marked with asterisks) pravideeak but recognizable
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diffraction peaks corresponding to the orthorhom®a® (JCPDS No. 29-0497) [31].
The XPS pattern shown in Figure S2(A) (Supportimigimation) presents the P 2p,
Co 2p and Ni 2p peaks, also verifying the succégsfeparation of CoP/NF. To be
specific, peak deconvolution of the Co 2p XPS pitesithe two remarkable CoPs2p
and CoP 2p, peaks at 781.5 and 797.7 eV, respectively (B). @pfa and CoO 2p,
peaks are also observed due to the incomplete pbogption process [32]. For the
high-resolution P 2p XPS pattern (C), a doubletiadéd at 128.9 and 129.8 eV
correspond to the P Zpand P 2p; lines, respectively. Another peak at 132.1 eV can
be attributed to the oxidized phosphate speciep MBthe above results verify the
successful fabrication of the CoP nanosheet amayidoam.
3.2. Characteristics of the monolithic CoP/NF peroxidase mimic

(Please insert Figure 2 here)
Figure 2. (A) presents the photograph of the monolithic G&Pperoxidase mimic
used in our study; (B) shows the time-dependenbrilasice changes of different
reaction systems. In these systems, 0.05 pD,Htock solution (9.8 M), 0.05 mL
TMB stock solution (8 mM), 2.9 mL NaAc-HAc buffed.¢ M, pH 4) and a piece of 1
cmx1l cm CoP/NF (Co(OHNF or NF) were mixed for reaction; (C) depicts the
time-dependent absorbance changes of #@&+H MB+CoP/NF system in which the
CoP/NF nanozyme was put into and taken out fronstihation optionally with a tiny
pair of tweezers; (D) tests the absorbance chaafjesthe CoP/NF nanozyme was
finally taken out from the solution in (C).

Different from the previous cases in which trawsitmetal phosphides were
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utilized as an electrocatalyst for hydrogen or @tygevolution [26, 34, 35], we
investigated the peroxidase-like properties of fhgricated CoP/NF. As shown in
Figure 2(A), the integrated CoP/NF with a size afix1 cm or 5 mmx5 mm was
used as a monolithic nanozyme in this researdh.dble to trigger the color reaction
of TMB in the presence of #.. This color reaction is generally known as the
oxidation of colorless TMB catalyzed by hydroxytlirgals from HO, decomposition
into a blue-green TMBox [36, 37]. When anyone of BMH,0O, and CoP/NF is in the
absence, no color reaction occurs (Figure S3, Stipgdnformation). These results
demonstrate the intrinsic peroxidase-like actiatyCoP/NF.

In comparison with the Co(OKWNF precursor, the prepared CoP/NF exhibits much
higher activity to induce the TMB color reactions Alepicted in Figure 2(B), when
NF is utilized instead of the CoP/NF peroxidase imjmo color change is observed,
indicating that the NF support has no peroxidase-lactivity. With respect to
Co(OH)/NF, a slow increase of the absorbance at 652 non upne is found,
suggesting that the Co(O#NF precursor also exhibits a certain peroxidaseic
After phosphorization, the resulting CoP/NF resulisa rapid increase of the
absorbance. This result demonstrates the significanhanced peroxidase activity of
CoP/NF compared to Co(OHINF.

Different from previously reported nanozymes dispdr in solutions [24], the
CoP/NF peroxidase mimic proposed here is a bulk dherefore, the monolithic
CoP/NF nanozyme can be put into and taken out fieaction systems expediently

and promptly with only a tiny pair of tweezers (ti&e the dispersed nanozyme case

10
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in which complicated centrifugation or magneticamgpion is required). To verify this
feature, we recorded the time-dependent absorbambanges of the
H,O,+TMB+CoP/NF system in which the CoP/NF nanozyme puatsinto and taken
out from the solution optionally with tweezers. piesented in Figure 2(C), when the
CoP/NF nanozyme is first put into the solution, tagalytic reaction starts to occur,
resulting in a rapid increase of the absorbanceemihe nanozyme is taken out
randomly with a pair of tweezers, the catalyticqess of HO,to hydroxyl radicals is
paused, leading to the stop of the TMB oxidatioa.aAresult, no obvious increase of
the absorbance is observed during the pause 3dgen the CoP/NF is put into the
solution again, the color reaction of TMB is reatsd, resulting in the further
increase of the absorbance at 652 nm. This phemmm&iggests that the monolithic
CoP/NF nanozyme can be used for on-demand detection

Given that TMB is the most sensitive chromogen fpmroxidase with low
background interference [38], it is usually emplbyaes the HO,-mediated reaction
substrate. Nonetheless, the TMBox species origigdtiom the initial oxidation of
TMB is not stable enough. Hence; 30, as a termination agent is generally added
into the reaction media to stabilize the color [38]. In our case, no strong acid is
required to terminate the reaction, because theolitbit CoP/NF peroxidase mimic
can be taken out conveniently with tweezers to sth@pcatalytic process. To verify
this characteristic, we further recorded the almucb changes after the CoP/NF
nanozyme was finally taken out from the reactiotutsan in Figure 2(C). No

remarkable change of the absorbance at 652 nnurgdfwithin nearly an hour (D).

11
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Particularly, the relative standard deviation (R®D}he absorbance recorded within
the initial 15 min (this time period is supposed ie much enough for optical
measurements) is less than 1%, demonstrating the gfability of the reaction media
after the monolithic CoP/NF is taken out. This teswonfirms that no reaction
termination agent or stabilizer is required in system.

Like natural peroxidase, the catalytic activitytbé CoP/NF peroxidase mimic is
also affected by reaction environments. As depidiedFigure S4 (Supporting
Information), the absorbance at 652 nm increas#s the increasing TMB content in
the reaction solution until a saturation phenomeappears. What should be pointed
out is that the reaction media starts to be tundien the TMB concentration is higher
than 0.13 mM. This is due to the low dissolubildfy TMB in aqueous phase. In
addition, a volcano-type dependency of the CoP/blivity toward both the buffer
pH (Figure S5, Supporting Information) and the ietion temperature (Figure S6,
Supporting Information) is observed. As a resuilg buffer with an optimized pH 4
and the best incubation temperature of/3@as used in the following measurements.

The peroxidase activity of CoP/NF was further eatdd by standard steady-state
kinetics measurements. As shown in Figure S7 (StipgoInformation), typical
Michaelis-Menten catalytic behaviors toward both BMA) and HO, (B) are
observed. The appareKt, values of the CoP/NF nanozyme for TMB angDklare
calculated to be 0.54 mM and 4.90 mM, respectivéhe K., values measured in
natural horseradish peroxida@¢RP) are 0.38 mM and 4.53 mM, respectively [19].

These data demonstrate that the monolithic persgidamic has equivalent affinities

12
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toward the two substrates in comparison with HR&tHermore, the prepared
monolithic peroxidase mimic possesses higher &iffmiwith lowerK, values ) to the
both substrates in comparison to a majority of jonesly reported peroxidase mimics
(Table S1, Supporting Information), indicating tfevorable catalytic activity of
CoP/NF.

(Please insert Figure 3 here)
Figure 3. The robustness of the CoP/NF nanozyme againshégh pH and (B)
temperature. In (A), the CoP/NF peroxidase mimics fiest incubated in 0.1 M
NaAc-HAc solutions with different pH values for 2 dnd then its activity was
measured under standard conditions. In (B), the/ll6peroxidase mimic was first
incubated at different temperatures for 2 h ana tite activity was measured; (C)
shows the absorbance of reaction systems in whielrsame piece of CoP/NF was
reused repeatedly.

In comparison with natural bio-enzymes, one of thest remarkable merits of
nanozymes is their stronger resistance againsh lergironments. To check this, we
first incubated the CoP/NF nanozyme in solutionshwiarious pH values or at
different temperatures for 2 h, and then measutsdactivity under standard
conditions. Our previous studies have revealedHfRR exhibits high activity only in
neutral media [16, 19]. With pH decreases or ingsaits activity is sharply reduced,
and no activity is found in strong acid solutioN®ith regard to temperature, the
activity of HRP rapidly decreases when the incudratemperature exceeds(45In

contrast, as depicted in Figure 3(A), the CoP/NRoagme reported here exhibits no

13
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remarkable change in activity when it is incubatetuffers with a wide range of pH
from 2 to 14. Its activity also has no notable dwempon temperature (B). These
results demonstrate the excellent robustness d@t¥NF peroxidase mimic.

Since the active CoP nanosheet arrays are integoai¢he bulk NF substrate, the
resulting CoP/NF nanozyme can be easily recycledransed. Figure 3(C) compares
the absorbances recorded in twelve measuremewtsiahm the same piece of CoP/NF
was utilized. No difference of these absorbancesb&served, resulting in a RSD of
1.6%. This result confirms the good recyclabilifitiee fabricated CoP/NF nanozyme.

As the TMB color reaction originates from a®4-mediated peroxidase reaction, it
can be employed to detect theQd substrate. As shown in Figure S8 (Supporting
Information), the absorption peak increases aloitly the increasing amount of,8,
in solutions (A). A rapid linear increase in thesatbance at 652 nm is observed in the
H,0, concentration range of 0.032~1.2 mM @R0.999). When more 40, is added,
the absorbance further increases mildly in the emnscope of 1.5~490 mM {R-
0.989) until a common saturation phenomenon app@&ais result demonstrates the
feasibility of HO, detection.
3.3.The TMB color reaction can be suppressed by UA selectively

(Please insert Figure 4 here)
Figured. (A) compares typical absorption profiles of thgpt+t TMB+CoP/NF system
with/without UA added simultaneously; (B) illusteatthe reaction process in (A); (C)
compares typical absorption profiles of thgOx#+TMB+CoP/NF system with/without

adding UA into the solution after reaction; (Dugltrates the reaction process in (C).

14
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It is interestingly found that UA can selectivelyppress the TMB color reaction.
As demonstrated in Figure 4(A), an obvious coloargde (from colorless to
blue-green) of the solution is observed in thg®dHTMB+CoP/NF system. When
H,0O,, TMB, CoP/NF and UA are simultaneously added theoNaAc-HAc buffer, no
color change of the reaction media is found. Te&ult reveals that the presence of
UA is able to suppress the TMB color reaction. Tégction process is illustrated in
(B). The possible reasons why the UA species capregs the TMB color reaction
are preliminarily deduced as follows: (1) as thevatg of nanozymes highly depends
on their surface properties [24], the UA additivayrbe adsorbed on the CoP/NF
surface and inhibit its peroxidase activity; (2) Wray exhaust the hydroxyl radicals
generated from D, decomposition, thus blocking the TMB oxidationatéan; (3)
the UA species may have the capacity to reducedlueed TMBox to colorless TMB
again. To find out the specific mechanism, we fartltarried out a group of
experiments: BD,, TMB and CoP/NF were first added into the bufi@itrigger the
TMB color reaction; after reaction for 35 min, tls®lution exhibits a distinct
blue-green color; the UA species was then addexdthrg media. As depicted in (C),
the added UA induces the decolorization of the metdhis phenomenon reveals that
the suppression of the TMB color reaction origisateom the reduction of the
blue-green TMBox to colorless TMB again by UA, lssitrated in (D).
3.4.Colorimetric biosensing of UA

(Please insert Figure 5 here)

Figure 5. (A) depicts typical absorption profiles for UA deten using the developed

15
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biosensor; (B) shows the dependency of the absoebam 652 nm on the UA
concentration. The inset presents the photographreattion systems in which
different amounts of UA were added; (C) shows thedr relationship between the
absorbance and the UA concentration; (D) compahes decreased absorbance
induced by various species (800 UA, 800uM AA, 8 mM urea, 8 mM Trig, 8 mM
Chol or 8 mM Glu).

According to the above finding, a new biosensohwid use of any natural enzyme
was developed for the colorimetric detection of Uke biosensor works based on
the suppression of the TMB color reaction (whichilgaoccurs in the presence of the
CoP/NF peroxidase mimic and:®) by UA specifically. As demonstrated by Figure
5(A), the absorption peak decreases along withitleeeasing UA concentration.
Surprisingly, a very small amount of UA can induitee rapid decrease of the
absorbance at 652 nm (B). When more UA is addeal tim¢ reaction solution, the
decline rate of the absorbance gradually slows dantih a saturation state appears. It
is found that the dependency of the absorbanchellA concentration from 1 to 200
uM can be well described by an equation of Y = 0.838.351*0.965 (Y is the
absorbance at 652 nm, and X is the UA concentrdibh), R* = 0.991). The limit of
detection (LOD) is down to 1.0M. As depicted in (C), the absorbance is also linea
to the analyte concentration in the range of 1130 (R®> = 0.990). Table S2
(Supporting Information) compares the analyticafgrenance of previously reported
biosensors with ours. Both the detection range thedLOD of our biosensor are

comparable or even better. More attractively, dosénsor can work with no use of
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any natural enzyme including the uricase, and tthsaracteristic endows the
developed biosensor with favorable reproducibibtyd stability. As a result, six
measurements of 0.1 mM UA within 45 days usingste piece of CoP/NF lead to
a RSD of 2.9%. When the CoP/NF peroxidase mimimftbree preparation batches
is employed, nine measurements result in a RSD3862

To investigate the specificity of the developedskiasor, several species commonly
existing in blood and urine were checked. Figur®)5¢ompares the decreased
absorbance of 800M UA, 800 uM AA, 8 mM urea, 8 mM Glu, 8 mM Chol and 8
mM Trig. Obviously, only UA can induce the suppreasof the TMB color reaction,
demonstrating the good selectivity of the fabridat@sensor for UA detection.
3.5. Application of the developed biosensor for UA analysisin real samples

To investigate the practical application abiliti/the developed UA biosensor, we
applied it to detect the target in clinical samplésree human serum and two urine
samples from the hospital were employed for anslySince the content of UA in
serum is generally among 100~50®! and the detection range of our biosensor is
1~200 uM, so the serum samples can be detected directlgdolyjng 100uL of a
serum sample into the reaction system with a tathime of 3 mL. Considering that
the UA level in urine may be beyond the detectioopg, a dilution process was
performed before measurements. The results obtéipedir biosensor are compared
with the clinical data, as listed in Table 1. Fdr serum samples, the UA levels
detected by our developed biosensor are in googkeagnt with the clinical results,

resulting in the relative error (RE) less than +3%r all urine samples, the recovery

17
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values are among 99%~107%. The excellent relighibt UA detection in these

clinical samples verifies the good practicabilifyaur biosensor. Additionally, good
repeatability of the UA colorimetric biosensor isaacquired during practical sample
measurements.

Table 1. The contents of UA in human serum and urine dedebte the clinical

method and our developed biosensor.

Samplé® Clinical (uM) Measured (pM)b RE (%) Recovery (%)
Serum 1 195.9 187.3+10.6 -4.4 —
Serum 2 484.3 506.5+15.1 +4.6 —
Serum 3 192.1 188.0+5.6 -2.1 —

— — 50.8+4.2 — —
Urine 1 +20uM — 72.1+3.4 — 106.5

+50 uM — 102.1+10.1 — 102.6

— — 27.613.3 — —
Urine 2 +20uM — 47.9+5.8 — 101.5

+50 uM — 77.4+1.9 — 99.6

8The serum samples were de-proteined before detectiw the urine samples were
diluted 2.67 times with 0.1 M phosphate buffer @H) before measurements
PEach sample was detected repeatedly for three times
4. Conclusions
In summary, CoP nanosheet arrays integrated onuxeice have been fabricated

as a monolithic nanozyme, exhibiting significarglyhanced peroxidase-like activity
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to trigger the color reaction of TMB with the paration of HO,. Different from
previous nanozymes dispersed in solutions, the fitbimoCoP/NF can be put into or
taken out from systems promptly with only tweezgrsstart or stop the catalytic
reaction optionally, which enables the on-demaneal®n. This feature also avoids
the use of strong acid as the reaction terminasiggnt. It is found that the color
reaction of TMB can be suppressed by UA selectivdgnce, a new UA colorimetric
biosensor has been successfully developed basdétisofinding. The UA biosensor
requires for neither natural peroxidase nor uricgseviding good repeatability and
excellent stability against environments. It aldters favorable reliability for the
biosensing of UA in clinical samples. Taken togetlilee advantages of no natural
enzyme and termination agent, on-demand analysa] gecyclability of nanozyme,
excellent analytical performance and visual detecénable the developed biosensor
to be a promising tool for UA detection.
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Highlights

> Integrated CoP nanosheet arrays as a monolithic peroxidase mimic;

> Easy to be manipulated by only tweezers to realize on-demand analysis;

» The TMB color reaction induced by H,O, and CoP/NF is suppressed by UA
selectively;

» A novel colorimetric biosensor for natural enzyme-free detection of UA.



