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Abstract
Iron-cobalt oxide nanosheets (FeCo-ONSs) were proved to have intrinsic peroxidase-like activity. Additionally, the perox-
idase-like activity of FeCo-ONSs toward the oxidation of 3,3,5,5-tetramethylbenzidine (TMB) was dramatically enhanced 
after heparin addition due to the stronger affinity toward TMB. Protamine combines with heparin, so the promotion of 
peroxidase-like activity of FeCo-ONSs with heparin was suppressed. With the addition of trypsin, protamine was hydro-
lyzed and the enhancement effect of catalytic activity of FeCo-ONSs was recovered. Based on above process, a sensitive 
colorimetric platform for trypsin activity determination was constructed through measuring the absorbance of produced 
oxTMB at 652 nm, providing a linear detection range of 5 to 500 ng/mL and a low detection limit of 2.8 ng/mL. The method 
was applied to trypsin determination in real samples (human urine sample and multienzyme tablet sample) with satisfactory 
results, illustrating the potential application of this biosensor.
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Introduction

Trypsin is an important class of proteases and its level is 
associated with a variety of diseases, such as pancreatitis, 
meconium intestinal obstruction, and cell apoptosis [1]. In 
addition, it has recently been linked to the development of 
neoplasia, as well as the invasion and metastasis of several 
cancers [2, 3]. As a result, trypsin is regarded as a specific 
biomarker and the reliable method for trypsin activity detec-
tion is of great significance in the treatment of pancreatic 
diseases and epidemic diseases. Accordingly, several differ-
ent methods have been developed for trypsin determination, 
such as chromatography [4], enzyme-linked immunosorbent 
assay [5], fluorimetry [6, 7], electrochemistry [8], chemilu-
minescence [9, 10], and surface-enhanced Raman scattering 

[11]. Even so, more novel, cheap, and sensitive analytical 
methods for trypsin concentration are highly demanding.

Nanozyme is a type of fascinating nanomaterial with 
enzyme-like properties. In contrast to natural enzymes, 
nanozymes are generally low-cost, stable, easy to store, 
and activity tunable. Hence, nanozymes are considered as 
promising alternatives to mitigate the limitations of nature 
enzymes. Moreover, the unique physical and chemical prop-
erties of nanozymes not only enable them to have multiple 
functionalities, but also offer greater possibilities for future 
applications in numerous research fields, such as biochemi-
cal sensing, tumor treatment, organic degradation, and 
food safety assay [12–16]. Since the intrinsic peroxidase-
like activity of magnetic iron oxide nanoparticles was first 
reported in 2007 [17], various nanomaterials, such as carbon 
materials [18, 19], metal organic frameworks (MOFs) [20, 
21], noble metal nanoclusters [22–24], metal oxide [25–27], 
and metal sulfide nanomaterials [28], have been found to 
exhibit the catalytic properties of natural enzymes.

Among all the enzyme mimics, two-dimensional (2D) 
nanosheets (NSs) with ultrathin structure have been attract-
ing a lot of interest because of their special physical, chemi-
cal, and electronic properties. Nanosheets are expected to 
have the immense potential for high-performance towards 
the enzyme mimics based on the large surface area and the 
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exposure of most atoms on their surface. The two-dimen-
sional carboxy-modified grapheme oxide (GO) nanosheets 
were first reported to have peroxidase-like activity and suc-
cessively applied in glucose detection [29]. Later, a large 
number of 2D nanomaterials have been investigated to have 
catalytic activities in terms of natural enzymes such as per-
oxidase, oxidase, and catalase along with diverse applica-
tions [30–33]. Although remarkable achievement has been 
realized in the field of nanozymes research, the low catalytic 
activity of nanozymes caused by many factors such as low 
metal atom utilization efficiency, poor environmental stabil-
ity, or nanozymes aggregation is still an urgent problem to 
be solved. Because the surface property is closely related 
to nanozyme activity, surface modification is used as one 
of the effective methods to regulate the catalytic efficiency 
of nanozymes. For example, Cai et al. synthesized Au nan-
oparticle-decorated WSe2 (Au@WSe2) hybrid nanozymes 
which exhibited about twofold higher peroxidase-like activ-
ity compared to WSe2 nanosheets alone [34]. The oxidized 
glutathione-modified MoS2 nanosheets prepared by Gu’s 
group have better dispersibility and higher affinity to the 
substrate TMB, which is beneficial for improving peroxi-
dase-like catalytic activity of MoS2 [35].

In this work, we successfully prepared iron-cobalt oxide 
nanosheets (FeCo-ONSs) via a mild solution reduction 
method using NaBH4 as a reductant, and the prepared FeCo-
ONSs have peroxidase-like (POD) activity. To our best 
knowledge, the peroxidase mimetic activity of the FeCo-
ONSs has not yet been reported. Additionally, based on the 
heparin-triggered enhancement of peroxidase-like activity of 
FeCo-ONSs with TMB as substrate, we constructed a “signal 
on–off-on” colorimetric sensing platform for trypsin activity 
detection. As illustrated in Scheme 1, with the adsorption 
of negatively charged heparin, the peroxidase-like activity 
of FeCo-ONSs was enhanced due to the facilitation of the 
adsorption to TMB. Positively charged protamine could bind 

with negatively charged heparin via an electrostatic interac-
tion, leading to the heparin-triggered catalytic enhancement 
of peroxidase-like activity of FeCo-ONSs decreased. After 
adding trypsin, protamine was hydrolyzed into small frag-
ments, heparin-triggered enhancement of peroxidase-like 
activity of FeCo-ONSs was recovered, and the TMB oxi-
dation was accelerated again. Thus, trypsin activity can be 
determined through measuring the absorbance of produced 
oxTMB at 652 nm.

Experiment section

Materials and apparatus

The details of experimental reagents and apparatus are pro-
vided in supporting information.

Preparation of FeCo‑ONSs

The FeCo-ONSs were prepared according to an earlier 
report with some modifications [36]. The synthetic steps 
are given in supporting information.

Investigation of enzyme mimicking activity 
of FeCo‑ONSs

The peroxidase-like activity of the as-prepared FeCo-ONSs 
was investigated through typical catalytic oxidation reac-
tion of TMB, o-phenylenediamine (OPD), and 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) in the pres-
ence of H2O2. A total of 200 µL of acetate buffer (200 mM, 
pH 3.5), 200 µL of H2O2 (100 mM), 200 µL of 250 µg/mL 
FeCo-ONSs aqueous suspension, and 40 µL of chromogenic 
substrates (10 mM TMB, 10 mM OPD, 5 mM ABTS) were 
subsequently added into 1360 µL of deionized water. After 

Scheme 1   The mechanism 
for trypsin detection via the 
heparin-modulated peroxidase-
like activity of FeCo-ONSs
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being incubated at room temperature for 40 min, the absorp-
tion spectrums of resultant solutions were measured.

Colorimetric biosensing of trypsin

For quantitative analysis of trypsin, 50 µL of trypsin with 
different concentrations, 50 µL of protamine (200 µg/mL), 
and 50 µL of Tris–HCl buffer solution (0.2 M, pH 7.8) were 
added into 350 µL of deionized water, and incubated in 
37 °C for 40 min, followed by the addition of 200 µL of 
heparin (200 µg/mL), 100 µL of acetate buffer (0.2 M, pH 
4.5), 80 µL of H2O2 (10 mM), 20 µL of TMB (10 mM), and 
100 µL FeCo-ONSs (100 µg/mL). The mixed solution was 
reacted at 20 °C for 25 min. After that, the absorbance at 
652 nm of the reacted solution was recorded by ultravio-
let–visible absorption spectrophotometry.

Trypsin detection in real samples

Healthy human urine sample was chosen to investigate the 
applicability of our colorimetric method for trypsin determi-
nation in biological samples. The urine sample was obtained 
from a healthy adult volunteer. Different concentrations 
(250, 500, 750 ng/mL) of trypsin standard solution were 
added into the urine sample. The obtained trypsin-spiked 
urine samples were diluted 5 times and detected as described 
above.

Multienzyme tablets purchased from a local pharmacy 
were selected to explore the feasibility of this method for 
trypsin determination in drug samples. The powder obtained 
by grinding tablets was dissolved in ultrapure water and 
treated with ultrasonic for 1 h. Similarly, different concen-
trations (200, 400, 600 µg/mL) of trypsin standard solu-
tion were added into the above drug sample. The obtained 
trypsin-spiked drug samples were diluted 4000 times and 
detected in the same way.

Results and discussion

Characterization

The scanning electron microscope (SEM) images in 
Fig. 1(A) and (B) show that the synthesized FeCo-ONSs 
displayed an obvious crumpled morphology with large 
amount of wrinkles, assembled by curly nanosheets. 
Besides, the transmission electron microscopy (TEM) 
analysis was implemented, and the TEM images shown in 
Fig. 1(C, D) obviously illustrated that the FeCo-ONSs are 
two-dimensional flake structures. To evaluate the crystal-
line structures of synthesized FeCo-ONSs, X-ray powder 
diffraction (XRD) characterizations were implemented. As 
shown in Fig. 1(E), only two weak diffraction peaks at 34.5° 

and 60.7° were observed in XRD pattern in comparison with 
the standard structure of CoFe2O4 (JCPDS No. 22–1086), 
revealing the low crystallinity of the FeCo-ONSs. FT-IR 
analysis was carried out to investigate the surface structure. 
As displayed in Fig. 1(F), the adsorption peaks exhibited at 
3409 cm−1 and 1635 cm−1 were attributed to the stretching 
and bending vibration of O–H of physically adsorbed water 
on the FeCo-ONSs, respectively. The peaks at 2919 cm−1 
and 1105 cm−1 were corresponding to the stretching vibra-
tion of C = O and − CH2, respectively [37]. The sharp peak 
appeared at 1382  cm−1 responded to the characteristic 
stretching vibration of residual NO3

− [38]. The peaks at 
478 cm−1 and 577 cm−1 were correlated with the cobalt-
oxygen and iron-oxygen stretching vibration, respectively 
[38, 39], which indicated the formation of the metal–oxygen 
bonds in the FeCo-ONSs. All these results demonstrated the 
successful preparation of FeCo-ONSs with carbonyl groups 
on the surface.

Peroxidase‑like activity of FeCo‑ONSs

As a representative chromogenic substrate, TMB was 
selected to assess the peroxidase mimetic activity of the 
FeCo-ONSs. As shown in Fig. 2(A), FeCo-ONSs were able 
to catalyze the oxidation of TMB by H2O2 accompanied by 
a remarkable absorption peak at 652 nm, while the oxidation 
reaction was much slower and almost no obvious charac-
teristic peak was observed when only H2O2 or FeCo-ONSs 
were present. Aside from the TMB, some other frequently 
used substrates such as OPD and ABTS could also be oxi-
dized in the presence of FeCo-ONSs and H2O2 (Fig. 2(B)). 
The above results demonstrated that FeCo-ONSs have per-
oxidase-like performances.

In order to acquire a deep understanding of the peroxi-
dase mimicking activity of FeCo-ONSs, the reaction con-
ditions were optimized and the catalytic mechanism was 
investigated by a series of experiments. It can be found in 
Fig. S1(A) that the peroxidase-like activity of FeCo-ONSs 
obviously varied with pH value changing from 3.0 to 6.0 and 
exhibited the best activity at pH 3.5. Figure S1(B) shows 
that the optimal reaction temperature was 45 °C. Then to 
identify the possible reactive oxygen species produced in 
the catalysis process, isopropanol (IPA), p-benzoquinone 
(pBQ), and tryptophan (Trp) were employed as the scaven-
gers to capture hydroxyl radical (•OH), superoxide radical 
(O2

•−), and singlet oxygen (1O2), respectively [40, 41]. As 
shown in Fig. 2(C), the absorbance at 652 nm of the system 
hardly changed after adding the pBQ or Trp, but signifi-
cantly decreased after the injection of IPA. Moreover, the 
decreasing effect was more obvious along with an increase 
in IPA amount. The results illustrated that the hydroxyl radi-
cal (•OH) was the main active species for TMB oxidation 
in the presence of FeCo-ONSs and H2O2. Furthermore, 
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terephthalic acid (TA) was applied to verify the existence of 
hydroxyl radical (•OH), since non-fluorescent TA could be 
oxidized by hydroxyl radical (•OH) to form 2-hydroxy tere-
phthalic acid with high fluorescence [42]. From Fig. 2(D), 
the distinct fluorescence signal at 426 nm could be clearly 
found in the TA/H2O2/FeCo-ONS system, confirming that 
the hydroxyl radical was generated during the catalytic oxi-
dation of substrates.

To better evaluate the peroxidase activity of FeCo-ONSs, 
steady-state kinetic analysis was conducted and the Michae-
lis − Menten constant (Km) and maximum velocity (Vmax) 
were obtained using Lineweaver–Burk plot (Fig. S2). In gen-
eral, a lower value of Km implies a higher affinity between 
the nanozymes and the substrates. As demonstrated in 
Table S1, the FeCo-ONSs show pretty lower Km especially 
toward H2O2 compared to horseradish peroxidase (HRP) and 
some other nanozymes. This splendid affinity with H2O2 

may be related to the abundant oxygen vacancies in ultrathin 
FeCo-ONSs [36]. The interaction between oxygen vacancies 
and H2O2 can generate reactive oxygen species, which oxi-
dize the corresponding substrates [43–45]. Although the Km 
value of FeCo-ONSs with TMB as substrate is a little higher 
than those of HRP and other nanozymes, the Km value of 
FeCo-ONSs-heparin is comparable with those of HRP and 
other nanozymes.

Design and construction of FeCo‑ONSs 
and heparin‑based colorimetric system

Interestingly, we discovered that the peroxidase-like activity 
of FeCo-ONSs toward the oxidation of TMB was signifi-
cantly enhanced after the addition of heparin. As shown in 
Fig. 3(A), an obvious enhanced absorption peak of oxTMB 
at 652 nm was observed in the presence of heparin (curve 

Fig. 1   A, B SEM images, C, D 
TEM images, E XRD pattern, 
and F FI-TR spectra of FeCo-
ONSs
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c). The control experiment demonstrates that heparin itself 
could not catalyze the oxidation of TMB (curve a). The affin-
ity of catalyst toward substrates directly affects the efficiency 

of catalytic reaction. Heparin, a sulfated polysaccharide, 
has been widely used as an essential clinical anticoagulant 
for many years [46]. Negatively charged heparin could be 

Fig. 2   A UV–vis spectra of 
TMB, TMB/H2O2, TMB/
FeCo-ONSs, and TMB/H2O2/
FeCo-ONSs system, respec-
tively. B UV–vis spectra of 
substrates (TMB, ABTS, and 
OPD) with and without FeCo-
ONSs/H2O2, respectively. C 
Effects of three scavengers with 
different amounts on FeCo-
ONS-catalyzed oxidation of 
TMB by H2O2 (PBQ: 1 mM; 
Trp: 2.5 mM; IPA ≥ 99.7%). D 
Fluorescence spectra of H2O2/
TA system with different FeCo-
ONS concentrations (0, 3, 5 µg/
mL). Conditions: 0.1 mM TA, 
10 mM H2O2, λex = 315 nm, 
and λem = 426 nm

Fig. 3   A UV–vis absorption 
spectra of TMB/H2O2 after 
the addition of (a) heparin, (b) 
FeCo-ONSs, and (c) heparin 
and FeCo-ONSs. (B) Zeta 
potential of FeCo-ONSs (25 µg/
mL), heparin (10 µg/mL), and 
FeCo-ONSs (25 µg/mL) + hepa-
rin (40 µg/mL). The error bars 
were obtained from three paral-
lel test results. C Effect of hepa-
rin on the peroxidase-like activ-
ity of FeCo-ONSs toward TMB 
and ABTS. Conditions: 0.2 mM 
TMB, 0.2 mM ABTS, 10 mM 
H2O2, 10 µg/mL heparin, 25 µg/
mL FeCo-ONSs, and pH 3.5. D 
UV–vis absorption spectra of 
TMB/H2O2/FeCo-ONSs, TMB/
H2O2/FeCo-ONSs + protamine, 
TMB/H2O2/FeCo-ONSs + pro-
tamine + heparin, TMB/H2O2/
FeCo-ONSs + trypsin, TMB/
H2O2/FeCo-ONSs + prota-
mine + heparin + trypsin, and 
TMB/H2O2/FeCo-ONSs + hepa-
rin
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adsorbed to the surface of FeCo-ONSs by electrostatic inter-
action between the FeCo-ONSs and heparin. The addition 
of heparin made the surface charge of FeCo-ONSs highly 
negative, thus the FeCo-ONSs would have increased affin-
ity towards TMB containing two amine groups by electro-
static attraction. For deeply understanding the mechanism 
of this heparin-induced catalysis enhancement, a series of 
experiments were carried out. First of all, the zeta potentials 
of FeCo-ONSs with and without heparin were performed. 
As illustrated in Fig. 3(B), the zeta potential of heparin 
was − 14.5 mV, confirming the negatively charged feature 
of heparin. The zeta potential of FeCo-ONSs varied from 
29.1 mV to − 28.1 mV after adding heparin. This considera-
ble transformation of surface charge property proved that the 
negatively charged heparin was adsorbed onto the positively 
charged FeCo-ONSs and the surface of FeCo-ONSs became 
negative. Contrary to TMB, another typical substrate ABTS 
with two sulfonic acid groups is negatively charged [23, 47]. 
Figure 3(C) shows that the peroxidase-like activity of FeCo-
ONSs toward ABTS was weakened after adding heparin. 
The results of above comparative experiments indicated that 
the electrostatic interaction between FeCo-ONSs and sub-
strates played a significant part in adjusting catalytic activity.

Furthermore, the steady-state kinetics of FeCo-ONSs 
with heparin was also studied to explore this peroxidase-
like activity enhancement. The Michaelise-Menten curves 
and Lineweaver–Burk plots with and without heparin are 
shown in Fig. S2, and the comparison of kinetic parame-
ters of FeCo-ONSs in the absence and presence of heparin 
are given in Table S1. As listed in Table S1, the Km value 
of FeCo-ONSs with TMB as substrate in the presence of 
heparin was lower than that without heparin, verifying the 
FeCo-ONSs-heparin had a stronger affinity toward TMB. 
According to the above results, the mechanism of this hepa-
rin-induced catalysis enhancement can be explained as fol-
lows: the adsorbed heparin modulated the surface charge 
of FeCo-ONSs and further improved the affinity toward 
TMB, resulting in the increment of catalytic ability of the 
FeCo-ONSs.

Protamine sulfate is known as a clinical antagonist to 
heparin and is used routinely after cardiac and vascular sur-
gery to reverse the anticoagulant function of heparin [48]. 
It has been reported that the polycationic protamine could 
bind polyanionic heparin via an electrostatic interaction to 
form a stable complex [49]. Hence, the heparin would pref-
erentially combine protamine and desorb from the surface 
of the FeCo-ONSs in the presence of protamine, leading to a 
decrease in catalysis activity of FeCo-ONSs. However, pro-
tamine rich in basic arginine residues could be hydrolyzed 
into small fragments by trypsin. As a result, the heparin 
failed to combine with protamine and the enhancement of 
POD-like activity of FeCo-ONSs was recovered accompa-
nied by the increase of absorbance of oxTMB. Consequently, 

the trypsin concentration could be quantified according to 
the absorbance value at 652 nm.

To assess the feasibility of this developed sensing plat-
form for trypsin determination, the effect of various sub-
stances contained in system on the detection was investi-
gated. It can be seen in Fig. 3(D) that the absorbance of 
the FeCo-ONSs/TMB/H2O2 system had no obvious change 
in the presence of individual protamine or trypsin, which 
suggested that protamine or trypsin had no effect on the 
peroxidase-like activity of FeCo-ONSs. The absorbance of 
oxTMB was decreased when protamine was added in the 
FeCo-ONSs/heparin/TMB/H2O2 system. After the trypsin 
was incubated with protamine and added into TMB/H2O2/
FeCo-ONSs/heparin system, the absorption peak of oxTMB 
restored. The above results revealed that our method was 
feasible for the determination of trypsin.

Detection of trypsin and selectivity

To obtain the sensitive detection performance, some vital 
factors were optimized systematically. Full details were 
given in supporting information. Under the optimal condi-
tions, a colorimetric detection was implemented by record-
ing the absorbance at 652 nm of designed sensing system. 
As shown in Fig. 4(A), the absorbance intensity at 652 nm 
of the designed colorimetric system increased with the 
increasing of trypsin concentration. A superior linear rela-
tionship between the absorbance and trypsin concentration 
in the range of 5–500 ng/mL was exhibited in the inset of 
Fig. 4(B), followed the regression equation of A = 3.181 × 
10−4[Trypsin] + 0.104 (R2 = 0.997) and a limit of detection 
(LOD) of 2.8 ng/mL (LOD = 3σ/k, where σ is the standard 
deviation for the blank solution, and k is the slope of the 
absorbance intensity versus the logarithm of trypsin concen-
tration). Moreover, Table S2 summarizes some comparisons 
for the determination of trypsin based on different technolo-
gies and materials. Satisfactorily, our colorimetric method 
has the lower detection limit as well as a wide linear range.

Besides sensitivity, selectivity and anti-interference are 
two other critical parameters to evaluate the practicability 
of our assay method in a relatively complex biological envi-
ronment. Some common ions (Na+, K+, Mg2+, Ca2+, Cl−, 
SO4

2−), amino acids (tryptophan, threonine, phenylalanine), 
biomolecules (glucose, urea), and bio-enzymes (pepsin, 
papain, glucose oxidase, urease) were chosen to assess the 
selectivity and anti-interference of this sensing platform. 
Figure 5(A) illustrates that the absorbance value only exhib-
ited a remarkable increase when trypsin (500 ng/mL) was 
present; even the concentrations of other substances were 
ten times of that of trypsin, indicating a good selectivity of 
this colorimetric sensing strategy for the determination of 
trypsin. Figure 5(B) displays that the absorbance intensity 
kept basically unchanged after introducing the interfering 
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substances in the presence of trypsin, which illustrated good 
anti-interference performance of this method.

Trypsin analysis in real samples

For further investigating the applicability of our colorimetric 
method for trypsin determination in real sample, standard 
addition method was performed to detect trypsin in healthy 
human urine samples and multienzyme tablets samples. 
According to the previous reports [50], there is almost no 
trypsin in urine of healthy people. As shown in Table 1, no 

trypsin was found in the healthy urine samples. The average 
recoveries of trypsin in the human urine samples were rang-
ing from 95.0 to 104.8%, and the relative standard deviation 
(RSD) was no more than 3.4%, suggesting this method is 
feasible and reliable for measuring trypsin activity in urine 
samples.

Multienzyme tablet containing trypsin and some other 
digestive enzymes is used to help treat indigestion. The 
national drug standards stipulate that trypsin activity 
should not be less than 160 U per tablet. Considering this 
high trypsin level and the linear range of our method, 

Fig. 4   A UV–vis absorption spectra of FeCo-ONSs/heparin/prota-
mine/H2O2/TMB sensing system with different trypsin concentrations 
(5, 10, 50, 100, 200, 300, 350, 500, 900, 1500, 2000, 3000 ng/mL). B 
Relationship between the absorbance at 652 nm and trypsin concen-

tration (5–3000  ng/mL). Inset: the linear range of calibration curve 
of the absorbance at 652 nm versus trypsin concentration (5–500 ng/
mL). The error bars were obtained from three parallel test results

Fig. 5   The selectivity (A) and 
interference (B) analysis of 
the FeCo-ONSs/H2O2/TMB/
heparin/protamine system 
for detection of trypsin over 
potential interfering substances 
(the concentrations of other 
substances were ten times of 
that of trypsin)

Table 1   Determination of trypsin in real samples

Samples Human urine samples Multienzyme tablet samples

Added (ng/mL) Found (ng/mL) Recovery (%) RSD (%, n = 3) Added (ng/mL) Found (ng/mL) Recovery (%) RSD (%, n = 3)

1 0 - - - 0 230.5 - 3.2
2 50.0 52.4 104.8 3.4 50.0 276.6 98.6 2.3
3 100.0 104.8 104.8 3.4 100.0 332.2 100.5 1.4
4 150.0 142.5 95.0 2.5 150.0 368.9 97.0 3.4
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multienzyme tablet samples with three trypsin-spiked con-
centrations (200, 400, 600 µg/mL) were diluted 4000 times 
for further detection. As shown in Table 1, 230.5 ng/mL of 
trypsin was found in diluted multienzyme tablet samples. 
After calculation, the trypsin content of a multienzyme 
tablet was 0.9 mg (230 U) which conformed to the related 
stipulation. The average recoveries of trypsin in multien-
zyme tablet samples were ranging from 97.0 to 100.5%, 
and the RSD was no more than 3.4%. The above results 
illustrated our method had good practicability for trypsin 
determination in real samples. However, our method has 
some limitations such as the low solubility of FeCo-ONSs 
and possible electrostatic interference in more complex 
clinical samples. Hence, further research is still required 
to improve the solubility of nanozymes and the specificity 
of the assay.

Conclusion

In this work, the 2D FeCo-ONSs with peroxidase mimetic 
activity were synthesized by using a solution reduction 
method. The heparin-adsorbed FeCo-ONSs showed higher 
peroxidase-like activity due to stronger affinity toward sub-
strate caused by electrostatic interaction. Moreover, a novel 
and sensitive colorimetric assay for trypsin was established 
based on the peroxidase-like activity enhancement of 
FeCo-ONSs, which provided a wider linear in the range of 
5–500 ng/mL and a lower detection limit of 2.8 ng/mL. The 
proposed method was applied for determination of trypsin in 
human urine and drug samples, which exposed the tremen-
dous feasibility for offering a potential method for trypsin 
detection in complex real samples. In addition, this finding 
brings valuable insights into regulating nanozyme activities 
through controlling the surface charge of the nanozymes, 
and might be extended to increase the activity of other 2D 
nanozymes.
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