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The IrO./rGO nanocomposites were prepared by hydrothermal method and
showed high peroxidase-like activity, which could catalyze the oxidation of TMB to
exhibit deep blue color in the presence of H,0.. In the catalytic oxidation process, the
TMB molecules were firstly absorbed on the surface of reduced graphene oxide and
donated lone-pair electrons to 1rO, nanoparticles supported on the surface of reduced
graphene oxide, leading to an increased electron density of 1rO, nanoparticles. Then
the electron-rich IrO, nanoparticles transferred electrons to H,O,. Finally, TMB was
oxidized into ox-TMB and turned into blue color, and the H,O, was reduced to water.
The colorimetric detection of biothiols was established on the basis of the inhibition

peroxidase-like activity of 1rO,/rGO.
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Abstract

In this work, we reported a novel nanozyme syn#tesbiby decorating highly
dispersed ultrafine IrPnanoparticles on reduced graphene oxide (rGO) siesats
via a simple hydrothermal method. The as-prepam/riGO nanocomposites
exhibited intrinsic peroxidase-like activity and ubth catalyze the oxidation of
3,3',5,5'-tetramethylbenzidine (TMB) to produceebfpiroduct in the presence of®.
Catalytic kinetic of IrQ/rGO nanocomposites followed Michaelis-Menten bébrav
exhibiting a higher affinity to TMB than horseraddiperoxidase (HRP) enzyme.
Catalytic mechanism studies suggested that thexjplrse-like activity of IrQrGO
nanocomposites originated from their ability ofotten transfer between substrate
and HO,. On the basis of high peroxidase-like activityin®,/rGO nanocomposites,

a colorimetric strategy for rapid and sensitiveedabn of low weight biothiols was



developed. The colorimetric detection assays far Yeeight biothiols showed high
selectivity against other amino acids. Therefdne, tG,/rGO nanozyme is expected

for promising potential applications in the biosamsliagnostics and environment.

Keywords: IrQ/rfGO nanocomposites; nanozyme; peroxidase-like viagti

colorimetric detection; low weight biothiols

1. Introduction

Due to the high specificity and efficiency, prote@nzymes are significantly
important in the applications of medicine, chenyistnd environment[1, 2]. However,
the intrinsic drawbacks of natural enzymes inclgdmgh cost, low stability as well
as difficult preparation and purification hindereth practical applications in
industry[3]. Therefore, artificial enzyme mimics alernatives to natural enzymes
have been developed during the past few decadesndrthem, nanozymes have
attracted considerable attention due to the laigéase-to-volume ratio and high
catalytic activity[4, 5]. Since the first reportaththe iron magnetic nanoparticles have
the intrinsic peroxidase-like activity[6], substahtprogress has been achieved. A
variety of nanomaterials with peroxidase-like atyiyhave already emerged, such as
noble metal nanoparticles[7], metal oxides[8], carmanomaterials[9, 10] and metal
organic frameworks[11,12], which were applied imd@nsor and environment. For
instance, the colorimetric detection of bio-molesi,imetal ions and bacteria based on
their peroxidase-like activity have been develop8f[which benefits the advantages
of rapidity, simplicity, low cost and a visual read.

IrO, is one of the best electrocatalysts for the oxyg@viution reaction and has



been widely used in electrocatalytic application[I# achieve high catalytic activity
and utilization efficiency, considerable effortsvhabeen devoted to synthesize the
IrO, nanomaterials with controllable nanostructure[l1%]. However, the IrQ
nanoparticles are unstable and prone to aggregatibith significantly decreases
their catalytic activity. To improve the stabilitgurfactants are usually introduced,
which could occupy the active sites of catalyst aimdler the catalytic activity. The
nanoparticles supported on substrates with largasl area was emerged as an
alternative method to increase the stability ofamaaterials. Oakton et al[17] reported
that IrQ, nanoparticles with diameter of 1~2 nm dispersedi®, showed 1.6 times
higher mass current density than the pure m@nopatrticles for the oxygen evolution
reaction. The nanocomposites usually exhibit enbareatalytic activity due to the
improved dispersity of catalyst, high surface aveaubstrate and the synergic effect
between catalyst and substrate. However, the ertaympeoperty of IrQ has been
barely explored to our knowledge. Graphene oxid®)(@& an ideal substrate for
nanocatalysts anchoring in water environment owimgts high surface area and
remarkable hydrophilicity[18]. It was also reportdtht the GO or rGO possessed
intrinsic peroxidase-like activity[19, 20]. Meanwdi the high biocompatibility and
low toxicity make GO or rGO as promising candidafes drug delivery and
biosensor. Hence, the rational design of2irGO nanocomposites could provide a
promising strategy to enhance the catalytic prgpeft IrO,, and develop a new
candidate of peroxidase-like nanozyme.

Low weight biothiols play essential roles in thegass of metabolism, including



cysteine (Cys), homocysteine (Hcy) and glutathi@®@8H) [21]. The concentrations
of Cys, Hcy and GSH in serum or plasma of healtinypéin bodies are approximately
in the range of 200~300, 5~15, and 1\, respectively[22]. The abnormal levels of
low weight biothiols are closely relevant to mangeéses such as cardiovascular
disease, Alzheimer’s disease, acquired immuno@efigi syndrome (AIDS) and
cancer[23-25]. Therefore, the detection of low \kéidpiothiols is considerable
significant for clinical diagnosis and pathologyedpite good selectivity and low
detection limit for low weight biothiols, convential analytical techniques including
high-performance liquid chromatography[26], fluaesce[27], electrochemistry[28]
and mass spectrometry[29] usually suffer from sommieerent issues such as
expensive and bulky equipment and time-consumimgndd, a sensitive and selective
biosensor is appealing for the detection of lowghiebiothiols.

In this work, we reported a facile way to prepar®ArGO nanocomposites
through hydrothermal method. The ultrafine dn@noparticles were highly dispersed
on the surface of rGO nanosheets. Herein, we demnaded that IrQrGO
nanocomposites displayed enhanced intrinsic peaseiike activity owing to the
effective catalyzing the oxidation reaction of pedase substrates such as
3,3,5,5'-tetramethylbenzidine (TMB), o-phenylengaiine (OPD) and
2,2’-azinobis(3-ethylbenzo-thiazolline-6-sulfonici@ diammonium salt (ABTS) in
the presence of #D,. A sensitive and selective colorimetric method detection of
low weight biothiols was also established basedheninhibition of peroxidase-like

activity of IrO,/rGO nanocomposites.



2. Experimental
2.1 Reagents and materials

Iridium (1) chloride hydrate was purchased from Alfa Aesdrathai, China).
Graphite powder, ethanol, hydrogen peroxide sahut{80%), dimethylsulfoxide
(DMSO), acetic acid and sodium acetate trihydateewebtained from Aladdin
Industrial Corporation (Shanghai, China). 3,3’ ,8d&ramethylbenzidine (TMB),
o-phenylenediamine (OPD) and 2,2’-azinobis(3-etbglo-thiazolline-6-sulfonic
acid) diammonium salt (ABTS) were bought from J&Kiehtific Ltd (Beijing,
China). Terephthalic acid (TA) was bought from %iharm Chemical Reagent Co.,
Ltd (Shanghai, China). Reduced cytochrome C (Cytw@p supplied by Abcam
(Shanghai, China). Cysteine (Cys), homocysteineg/\Hglutathione (GSH), arginine
(Arg), tryptophan (Trp), tyrosine (Tyr), alaninelé) proline (Pro), threonine (Thr),
asparagine (Asn), isoleucine (lle), glutamic (Glg)utamine (GlIn), valine (Val),
leucine (Leu), aspartic (Asp), glycine (Gly), seri{Ser), lysine (Lys), methionine
(Met), histidine (His) and phenylalanine (Phe) wprgchased from Sigma-Aldrich
(Shanghai, China). Bovine serum albumin (BSA) wapptied by Beijing Jingke
Hongda Biotechnology Co., Ltd. All the chemicalsreveised as received without any
further purification. And the ultrapure water wighresistivity of 18.25 M-cm was
supplied by a Millipore Ultrapure water system.
2.2 Preparation of 1rO,/r GO nanocomposites

The GO nanosheets were synthesized from graphiedgroby a modified

Hummers method[30]. Ir€rGO nanocomposites were fabricated by a hydrotherm



method. Typically, 20 mL GO dispersion (1 mg/mL)smaixed with 10 mL IrG
solution (1 mg/mL) under vigorous stir. Then thexture was ultrasonicated for 30
min and transferred into a 50 mL Teflon-lined steds-steel autoclave. The mixed
solution in sealed autoclave was heated ta 18Ad held for 10 h. After being cooled
to room temperature naturally, the obtained.irGO nanocomposites were separated
by centrifugation and washed with ultrapure water fhree times. The IO
nanoparticles without support was prepared by émeesprocess without GO. And the
rGO was also prepared by the same process witholt |
2.3 Peroxidase-like activity of 1rO,/r GO nanocomposites

To investigate the peroxidase-like activity of #@O nnaocomposites, the
catalytic oxidation of TMB was carried out in theepence of KD, at room
temperature. The experiments were performed il fibes. In a typical experiment,
10 pL of TMB (20 mM in DMSO), 10uL of H,0, (250 mM) and 15.L of IrO./rGO
dispersion (IrQ concentration 3Qug/mL identified by ICP-OES) were added into
acetate buffer solution (0.1 M, pH = 4.0) with adi volume of 50QL. After 10 min
reaction, the absorbance intensity of reactiontswiuat 652 nm was monitored by an
EnVision Multimode Plate Reader. The effects of @gRi0~7.0), temperature
(0~70 °C), HO, concentration (0~50 mM) and @GO dosage (0~1.pg/mL) were
evaluated to optimize the catalytic reaction caod#. The steady-state kinetic
experiments with TMB were performed by fixing th@aunt of IrQ/rGO (0.45ug:
the concentration or amount of catalyst in this kvaras all calculated by IrO

amount.) and concentration of,® (5 mM) with various TMB concentrations.



Typically, 465uL of acetate buffer solution, 10L of H,O, (250 mM), 15uL of
IrO,/rGO dispersion and 10L of TMB (different concentrations in DMSO) were
added and mixed in 1.5 mL tubes. Then, gD®f the mixed solution was added into
a 96 well plate and the absorbance intensitiesbatrén were recorded at different
time intervals by a Multimode Plate Reader (En\A3idlhe initial reaction velocity
was calculated from the equation= k/he; wherev is the initial velocity,k is the
slope of the linear relationship between absorbantasity and time at first few
minutes is the molar absorptivity of ox-TMB (39000 Mcm), and h is the height
of solution. Similar kinetic experiments with,®, were carried out by varying the
concentration of kD, with constant concentration of TMB (0.5 mM) andatyst
(0.45 ug). The Michaelis-Menten parameters were calcul&tech the linear fitting
equation of Lineweaver-Burk plots[31]: VA Ky/vim (1/[S] + 1Ky); wherev is the
initial velocity, vy is the maximal reaction velocityK, represents the
Michaelis-Menten constant, and [S] is the conceiatneof substrate.
2.4 Theinvestigation of catalytic reaction mechanism
2.4.1 The effect of iridium ionsleaching

Gumpelmayer et al[32] questioned the intrinsic pelase-like activity of FgD,
and claimed that the peroxidase activity of®goriginated from iron ions (E&and
Fe") leaching. To check the effect of iridium ionse@sing, the IrgrGO (2ug) was
firstly added into 2 mL acetate buffer (0.1 M, pH4:0) and the solution was
incubated for 1 h. After centrifugation at 10000nrgor 20 min, 500uL of the

supernatant, 1L TMB and 10uL H,O, were added into a 1.5 mL tube and the



absorption spectrum was recorded by an EnVisiontiMabe Plate Reader from 500
nm ~ 800 nm after 15 min reaction.
2.4.2 Hydroxyl radicalstest

As a fluorescence probe, TA is usually used tofyéhie generation of hydroxyl
radicals for the catalytic oxidation reaction iretpresence of #D,[33]. TA could
capture hydroxyl radicals and produce high fluoees@2-hydroxy terephthalic acid
with the emission peak at 435 nm. Experimentaldf pL of acetate buffer (0.1 M,
pH = 4) contained 5 mM #¥D,, 0.5 mM TA and 1.2ug IrO./rGO catalyst was
incubated for 30 min at room temperature. Then,flix@rescence spectrum of the
solution at 350 nm ~ 600 nm was recorded by a @éscence spectrophotometer with
an excitation wavelength of 315 nm. The fluoreseespectra of solutions without
IrO./rGO or HO, were also measured at the same experimental comlit
2.4.3 Electron transfer experiment

Cyt C was chosen to check the electron transfee rof IrQ)/rGO
nanocomposites because the Cyt C is an activeargact the electron transfer
process[34]. In our experiment, Pl reduced Cyt C and 1.2g IrO,/rGO catalyst
was mixed in 440uL acetate buffer (0.1 M, pH = 4.0) and incubatedr@m
temperature for 4 h. The absorption spectrum of shietion was recorded by an
EnVision Multimode Plate Reader. To exclude theedffof dissolved oxygen, the
experiment was repeated underdtimosphere. The control experiment was evaluated
at the same experimental conditions withoutirGO nanocomposites.

2.5 Colorimetric detection of low weight biothiols



Experimentally, 1L TMB (20 mM in DMSO), 10uL H,0, (250 mM), 0.45ug
IrO,/rGO catalyst and various concentration of biothi(~100uM) were mixed in
acetate buffer with final volume of 500L. The mixture was incubated at room
temperature for 10 min and the absorbance intemsty monitored by the EnVision
Multimode Plate Reader. The selective experimeras performed by comparing the
color and absorbance intensity of the reactiontswia (10uL TMB (20 mM in
DMSO0), 10uL H20, (250 mM), 0.45ug IrO./rGO and 46QuL acetate buffer) with
different kinds of amino acids at the concentratafnl100 uM. To evaluate the
practical application, the colorimetric detectioh@ys in 5 wt% BSA and human
serum solutions with concentration of Cys of 1 mil & mM were carried out. The
detection procedure was the same as the colororasisay in water.

2.6 Characterization

Transmission electron microscopy (TEM), high-reolu TEM (HRTEM),
Energy Dispersive X-ray spectroscopy (EDS), highglamnnular dark-field scanning
TEM (HAADF-STEM) and elemental mapping analysis &erarried out on a
transmission electron microscope (FEI Tecn&iF@0, USA) operated at 200 kV to
characterize the morphology and component of thepged IrQrGO
nanocomposites. The X-ray powder diffraction (XRigs collected on a Bruker D8
focus Powder X-ray Diffractometer with CuxKadiation at 2 degree of 5~60°. The
Raman spectra were collected by a Renishaw in\ia flaman Spectrometer with
excitation wavelength of 514 nm and acquisitionetiof 30 s for one measurement.

X-ray photoelectron spectroscopy (XPS) was perfornmn a Thermo Fisher



ESCALAB 250Xi X-ray photoelectron spectrometer. Thaeta potentials of
nanomaterials were measured on a Malvern Zeta ®alté&malyzer (Zetasizer Nano
ZS). The composition and concentration of JrGO dispersion were measured by an
inductive coupled plasma optical emission spectpg¢ICP-OES, Thermo Scientific,
USA). The absorbance and absorption spectra oftigotu were recorded on an
EnVision Multimode Plate Reader (PerkinElmer, US#)room temperature. The
fluorescence measurements were evaluated by aO@sfctrofluorimeter (Hitachi,
Japan) with an excitation wavelength of 315 nm #ral excitation silt width and
emission slit width 5 nm.
3. Resultsand discussion
3.1 Characterization of IrO,/r GO nanocomposites

The TEM images (Fig. 1a) clearly demonstrated thatlrQ, nanoparticles with
average size of 1.65 nm were uniformly supported tbe surface of rGO,
demonstrating the successful preparation of,/M&0D nanocomposites. The TEM
images of GO and rGO were displayed in Fig. S1. €®wed a sheet-like
morphology, which transformed to creased structafter hydrothermal reaction,
indicating the formation of rGO. The color of GGalchanged from light yellow to
black (Fig. S2). The average size of Jr@anoparticles on the surface of rGO
nanosheets was estimated to be 1.65 nm accorditig tparticle size distribution by
counting more than 200 nanopatrticles (Fig. S3)aA®fficient carrier, the rGO could
effectively prevent the aggregation of @anoparticles. The HRTEM (inset Fig. 1a)

clearly showed the d-spacing value of 0.26 nm, twhwas consistent with the (101)



plane of IrQ (JPDS No. 15-0870)[35]. The HAADF-STEM image an®E
elemental mapping analysis were employed for furilmeestigating the morphology
and composition of IrgrGO nanocomposites. The HAADF image (Fig.1c) diear
showed the ultrafine Ir©Onanoparticles uniformly dispersed on the surfaceGD
nanosheets. The EDS elemental mapping analysis $Bignd Fig. 1d-g) showed the
homogeneous C, O and Ir species, confirming theafile IrQ, nanoparticles

uniformly dispersed on the support.

(b) — o
—_— IrO,

|~ — Ir0,/rGO

s

s

=

»

c

[]

E

10 20 30 40 50 60
20 (degree)

() (e)

10 nm

() O-KJ(9)

Fig.1 (a) TEM images of IrfdGO nanocomposites, inset the HRTEM image, (b) the



XRD patterns of GO, Ir@and IrQ/rGO, (c) the HAADF image of Ir@xGO and

(d)-(f) the EDS elemental mapping images ofIrGO with C, O and Ir species.

The XRD patterns of GO nanosheets, Jr@anoparticles and DGO
nanocomposites were presented in Fig. 1b. A broddngeak diffraction peak of 1D
nanoparticles (Fig. 1b blue line) at 34.5° corresjenl to the (101) plane of Is0O
which was consistent with the HRTEM analysis. Arphdiffraction peak of GO
nanosheets was observed atd2gree of 12.5°, corresponding to the (001) pladle[3
However, no diffraction peak at 12.5° was obseriredrO,/rGO nanocomposites
patterns, illustrating the reduction of GO at higlmperature. According to the Raman
spectra (Fig. S5), the ratio of D peak and G pdak® and IrQ/rGO was 0.83 and
0.95, respectively. The increase of D/G ratio alaggested the reduction of GO by
hydrothermal reaction[37]. A new broad diffractipeak at 2 of 25.4° appeared,
which implied the poor order stacking of rGO nareeth. There were no apparent

IrO, diffraction peaks due to the small particle siz&O-.
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Fig. 2 The XPS spectra of I@GO nanocomposites. (a) Survey spectrum, (b) the
high resolution spectra of Ir 4f, (c) the high desion spectra of C 1s and (d) the high
resolution spectra of O 1s.

X-ray photoelectron spectroscopy was employed testigate the chemical
states of IrQrGO nanocomposites. The survey spectrum with gtpmak intensity of
C, O and Ir species was given in Fig. 2a. The Inggolution XPS spectra of Ir 4f, C
1s and O 1s were further investigated. As showfign2b, the peaks at 64.4 and 61.3
eV could correspond to the binding energies offd,4nd Ir 4§, of IrO,. The peaks
at 65.0 and 66.6 eV could attribute to the satepitaks of Ir 4f, (IrO,) and the peak
at 62.0 eV could be ascribed to the satellite pafak 4f;, (IrO,). The 4f binding
energy of IrQ nanoparticles shifted 0.4 eV towards higher bigdénergy compared

to the IrQ/rGO nanocomposites (Fig. S6a), which could bébatted to the " ions



in IrO, nanoparticles[38]. And the high resolution XPS cze of Ir 4f of IrQ
nanoparticles were presented at Fig. S6b. Fig.r@septed the high resolution C 1s
spectra of IrQrGO. The main peak at 284.5 eV was assigned t€tkebond, and
the peaks at binding energies of 285.8 and 288.4veié attributed to the C-O and
O-C=0 bonds of rGO[39]. The peaks at 533.3 eV aBa.5 eV were ascribed to
O-C=0 and C-O functional groups on rGO (Fig. 2dy ¢he peak located at 531.0 eV
was indexed to the -OH groups on rGO and,Irthe content of oxygen element in
C-O and -OH significantly decreased compared toQhes spectra of GO (Fig. S7b),
which also proved the reduction of GO after hydeothal reaction, which was in
consistence with the results of XRD patterns anch&waanalysis.
3.2 Peroxidase-like activity of IrO./r GO nanocomposites

The peroxidase-like activity of IFXGO nanocomposites was evaluated by
catalytic oxidation of several chromogenic subssdsuch as TMB, OPD and ABTS)
in the presence of #,. The solution color of TMB, OPD and ABTS changeaii
colorless to blue, orange and green respectively. (Ba), which indicated the
peroxidase-like activity of IregfGO nanocomposites. The enzymatic activity of rGO,
IrO, nanoparticles, Ir@and rGO mixture were further evaluated and contpariéh
IrO,/rGO nanocomposites (Fig. 3b). After adding therGO, the reaction solution
changed from colorless to deep blue color and éeltita maximum absorbance at
652 nm, revealing the high peroxidase-like actiatyrO,/rGO nanocomposites (Fig.
3b-6). In contrast, the TMB and.8, reaction solution in the absence of catalysts

showed negligible color change (Fig. 3b-2), sugggstthat the IrQrGO



nanocomposites were responsible for the catalyxiclabion of TMB. The rGO
nanosheets and Iganoparticles also showed peroxidase-like actiaityome extent
(Fig. 3b-3 and b-4). The absorbance of TMB solutadn652 nm with IrQrGO
catalyst was the highest. Obviously, the catalgtiivity of IrO,/rGO nanocomposites
was much higher than IgGand rGO mixture, Ir@nanoparticles or rGO nanosheets.
The enhanced catalytic activity of WO nanocomposites mainly originated from
the monodisperse IgOnanoparticles on the surface of rGO nanosheetde e
aggregation of Ir@ nanoparticles without support severely decreabedchatalytic
activity of IrO, nanoparticles. The IEXGO nanocomposites could not catalyze the
oxidation of TMB in the absence of,8; (Fig. S8). All these results confirmed that

the IrQ/rGO nanocomposites exhibited the intrinsic peragatlike activity.
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Fig. 3 (a) The photographs of TMB, OPD and ABTSutoh after catalytic oxidation
by IrO,/rGO nanocomposites in the presence @O4l and (b) UV-vis absorption

spectra of (1): TMB, (2): TMB+bD,, (3): TMB+rGO+H0,, (4): TMB+IrO,+H,05,



(5): TMB+H,O2+IrOzand rGO mixture and (6): TMB+IrGO+H,0O, solution after

mixing for 15 min (inset: the color change of tleresponding solutions).

Similar to natural peroxidase and other nanozyries peroxidase-like activity
of IrO,/rGO nanocomposites strongly depended on the cgactinditions including
pH, temperature, reaction time and the concentrataf HO,, TMB and catalyst.
The optimal pH value was approximately 4.0, whicasveonfirmed by varying the
buffer pH value from 2.0 to 7.0 (Fig. S9a). Thegaidase-like activity of IrQrGO
nanocomposites increased with temperature and edatle highest activity at 55 °C
(Fig. S9b). The decrease activity of ¥@O over 55°C might be assigned to the
decomposition of oxidized TMB (ox-TMB)[40] and tlw®lor of solution was from
blue to green at 55°C. To simplify the experimeve, carried out all the colorimetric
reaction at room temperature. The catalytic agtiricreased with the concentration
of H,O, and no inhibition effect was observed at high emiation of HO, (Fig.
S9c). Furthermore, the absorbance of reaction isaluhcreased with the increase
amount of IrQ/rGO catalyst and presented a linear relationshapwéeen the
absorbance of oxidized TMB and the concentratiotr@$/rGO catalyst (Fig. S9d).
The experiment parameters with pH value of 4.0@ntentrations of TMB 0.4 mM,
H,O, 5 mM, and IrQ/rGO 0.9 ug/mL were chosen in the following colorimetric
detection assay at room temperature.

The peroxidase-like performance of the #GO nanocomposites was further

explored by the steady-state kinetics. The kingdétita were acquired by varying the



H,O, concentrations at a constant TMB concentrationvécelversa. The results were
presented in Fig. 4. And the time-dependent absaikhahanges at 652 nm were
displayed in Fig. S10. The steady-state kineticpegrments of IrQrGO
nanocomposites to OPD and ABTS were also carri¢chbthe same procedure and
the results were shown in Fig. S11 and Fig. S12. rEationship between the initial
reaction rate and the concentration of substrédfivell with the Michaelis-Menten
equation. The Michaelis-Menten const#at and the maximal reaction veloCityy
were calculated by the linear fitting equation afdweaver-Burk plot and listed in
Table S1. It is believed that a small&y, represents a higher affinity to the
substrate[41]. Th&,, value of IrQ/rGO nanocomposites with TMB as the substrate
(0.276 mM) was lower than that of HRP (0.434 mM)[§liggesting an apparently
higher affinity to TMB than HRP. The highdst, value of IrQ/rGO nanocomposites
with ABTS (Table S1) implied the lowest affinity 8BTS compared to TMB and
OPD, which could be attributed to the repulsiontlted ABTS anions and negative
surface charge of IrfrGO nanocomposites (Fig. S13). TKg value of the IrQrGO
nanocomposites for i@, was 60 times higher than that of HRP (Table Siicating

a lower affinity but higher endurance ta®. The above results declared that the
IrO./rGO nanocomposites possessed high peroxidaseatikigity and were good

potential candidates for enzymatic mimic.
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reciprocal plots between reaction velocity and TM&ncentration (b) and J@;

concentration (d).

3.3 The mechanism of peroxidase-like activity of 1rO,/r GO nanocomposites

Fig. 5a showed the results of iridium ions leachexgeriment. The absorbance
intensity of ox-TMB solution with the iridium iorgaching for 1 h were comparable
to the control experiment, which were negligiblengared to intensity of the solution
with IrO,/rGO nanocomposites. We presumed that the iridioms had no effect on
the oxidation of TMB or there were no iridium ioredeased in 0.1 M acetate buffer

with pH value of 4.0. The experimental results dastated that the peroxidase-like



activity of IrO,/rGO nanocomposites did not originate from theiumal ions leaching.
Besides metal ions releasing, the generation ofdxydl radical and the electron
transfer process are the two main pathways of ytatabxidation. To clarify the
catalytic mechanism of IfXGO nanocomposites, terephthalic acid (TA), a
fluorescence probe for hydroxyl radical, was firatked to check the generation of
hydroxyl radical. As shown in Fig. 5b, there wasfhumrescence of TA at 435 nm
without H,O, (red line). A strong fluorescence peak at 435 nas wbserved in TA
and HO, reaction system, revealing the generation of hygroadical by the
intrinsic decomposition of ¥D,. The fluorescence intensity decreased when rGO was
added, which proved that rGO could quench the hgdmadical. When the IrerGO
nanocomposites were added into the TA ap@jHeaction solution, the fluorescence
intensity decreased significantly. The results aed that the Ir@rGO catalyst could
scavenge hydroxyl radicals rather than promoting generation of them, which
excluded the effect of hydroxyl radical on perosedike activity of IrQ/rGO

nanocomposites.
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Fig. 5 The mechanism studies of peroxidase-likeviaacof IrO,/rGO. (a) Iridium ion
leaching experiment: (1) TMB+®,, (2) TMB+H,O, with iridium ions solution and
(3) TMB+IrO./rGO+H,0O,, (b) fluorescence emission spectra of TA in défer
reaction solutions, (c) UV-vis absorption spectfareduced Cyt C, Cyt C with
IrO,/rGO and Cyt C with IrQrGO under N atmosphere and (d) schematic
illustration of the mechanism of the peroxidaselikactivity of IrGQ/rGO

nanocomposites.

Cytochrome C (Cyt C) was chosen to verify the medieole of the IrQ/rGO
catalyst in the electron transfer process from TidBi,O,. As shown in Fig. 5c, there
were two intrinsic absorption peaks of reduced Cyat 520 nm and 550 nm. After
incubation with IrQ/rGO for 4 h, the original two peaks disappearedhvihe

evolution of a new absorption peak at 530 nm, ssiyg that the Cyt C changed



from reduced state to oxidized state. The sameltsestere obtained at nitrogen
atmosphere, which excluded the effects of dissolorggen. The results clearly
demonstrated the electron transfer from Cyt C @/GO nanocomposites. Besides,
the electron transfer abilities of Isanoparticles and rGO were also performed at
the same experimental procedure. The reduced Qya<changed to oxidation state
after incubation with Ir@ nanoparticles, while rGO had little effect on the
oxidation/reduction state of Cyt C (Fig. S14). Tperoxidase-like activity of
IrO,/rGO nanocomposites could mainly originate from dhectron transfer abilities
of IrO, nanopatrticles on the surface of rGO.

Based on the experimental results, we deduced tina& IrQ/rGO
nanocomposites performed as electron transfer toedidetween TMB and J@;
and the mechanism could be illustrated by Fig. Fdstly, the TMB molecule was
adsorbed on the surface of rGO and donated loresfeitrons to Ir@nanoparticles
supported on the surface of rGO, leading to aneased electron density of KO
nanoparticles. Then the electron-rich Jn@noparticles transferred electrons @k
which accelerated the electron transfer from AfGO nanocomposites and TMB
substrate. Finally, TMB was oxidized into ox-TMBdaturned into blue color, and the
H,O, was reduced to water.

3.4 Colorimetric detection of biothiols

The color changes of TMBH@,+IrO,/rGO reaction solution were explored for

the determination of biothiols based on the retetiop between the absorbance

intensity and the concentrations of biothiols. A®wn in Fig. 6a, the color of the



reaction solution gradually changed from deep Itueolorless with the increase of
Cys concentration. The absorption peak of ox-TMB5%2 nm decreased with the
concentration of Cys increasing. The value of dbmoce intensity at 652 nm
exhibited a good linear relationship to the lodaritof Cys concentration in the range
of 0.1~50uM with a correlation coefficient # of 0.99425 (Fig. 6b). The calculated
detection limit for Cys was 40 nM at an S/N ratfo3o The colorimetric detection of
Hcy and GSH were also carried out under the sarperg®ental conditions. Similar
to Cys, the absorbance intensity of reaction swmiutand the logarithm of
concentration of GSH and Hcy displayed good liremarelation in the concentration
range of 0.1~5QM (Fig. S15 and Fig. S16). The theoretical capgbiif detection
for Hcy and GSH was 57 nM and 83 nM, respectivBlgsed on the value of
theoretical capability, the sensitivity value ofO}rGO nanozyme responding to

biothiols was Hcy > GSH > Cys.
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Fig. 6 (a) UV-vis absorption spectra of reactiotusons (TMB 0.4 mM, HO, 5mM
and IrQ/rGO 0.9ug/mL) in the presence of various concentration€yd (inset: the
corresponding photographs of reaction solutiorm)The linear relationship between

absorbance intensity and the logarithm of concéotraf Cys after 15 min reaction.



In addition, the selectivity of the current approagas investigated by testing
nineteen kinds of amino acids besides Cys, Hcy@®H with the same concentration.
Fig. 7 presented the absorbance and color changbeofeaction solutions with
different amino acids and low weight biothiols. Quared to the control experiment,
the color of the solution were almost unchangeeraftiding the nineteen amino acids.
However, the solutions were almost colorless aftieling the Cys, Hcy and GSH, and
the absorbance intensity declined significantlye Tiesults demonstrated that the
developed colorimetric sensor showed high seldgtifdar low weight biothiols. To
explore the practical usability of the proposedodobetric assay, we detected the
concentration of Cys in Wt% BSA and human serum, respectively. As shown in
Table S2, the experimental results agreed well Wighadded content in BSA. There
was some difference between the detected amou@yoaind added content in serum

samples, which could be attributed to the compmidatomponents of serum.
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4. Conclusions

The ultrafine IrQ/rGO nanocomposites with high intrinsic peroxidasenetic
properties were synthesized by a simple hydrothlenmeghod without any surfactant.
The peroxidase-like activity of IfrGO catalyst depended on the pH, temperature
and concentration of substrate similar to HRP. Hteady-state kinetic study
demonstrated that the peroxidase-like activityr@:rGO nanocomposites followed
the Michaelis-Menten theory. Mechanistic researalygested that the ability of
IrO./rGO nanocomposites acting as electron transferiated was responsible for
the peroxidase mimetic property rather than theegdion of hydroxyl radicals or
iridium ions leaching. The colorimetric assays $ensitive and selective detection of
low weight biothiols were established based on ih@uced inhibition of the
peroxidase-like activity of IrgfGO nanocomposites. This work provided a novel
material with high enzyme mimetic activity and steavpromising application in
biosensor.
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IrO, nanoparticles homogeneously supported on reduced graphene oxide

The IrO,/rGO nanocomposites exhibited enhanced peroxidase-like activity

The peroxidase-like activity originated from the el ectron transfer mechanism
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