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ARTICLE INFO ABSTRACT

Keywords: Based on the successful synthesis of mercaptomethamidophos as a substrate, a novel nanogold/mercaptome-
Detection thamidophos multi-residue electrochemical biosensor was designed and fabricated by combining nanoscale ef-
OPPs d fect, strong Au-S bonds as well as interaction between acetylcholinesterase (AChE) and
Nanogo . . mercaptomethamidophos, which can simultaneously detect 11 kinds of organophosphorus pesticides (OPPs) and
Electrochemical biosensor C .o L . . .

R total amount of OPPs using indirect competitive method. Electrochemical behavior of the modified electrode was
Acetylcholinesterase

characterized by differential pulse voltammetry (DPV) and electrochemical impedance spectroscopy (EIS). The
AChE concentration and incubation time were optimized at 37.4 °C to achieve the best detection effect. This
biosensor exhibits excellent electrochemical properties with a wider linear range of 0.1 ~ 1500 ng-mL™}, lower
detection limit of 0.019 ~ 0.077 ng-mL ™, better stability and repeatability, which realizes the rapid detection of
total amount of OPPs, and can simultaneously detect a large class of OPPs rather than one kind of OPP. Two OPPs
(trichlorfon, dichlorvos) were detected in actual samples of apple and cabbage and achieved satisfactory test

results.

1. Introduction

Organophosphorus pesticides (OPPs) are a kind of (thio) phosphate
compounds (Shahdost-fard, Fahimi-Kashani, & Hormozi-nezhad, 2021;
Wang, Duan, Fan, Zhang, & Zhang, 2021), which are widely used in
agricultural production, mainly used as pesticides, a few used as her-
bicides, fungicides as well as plant growth regulators, and plays a pos-
itive role in controlling agricultural diseases and improving the quality
and yield of agricultural products (Chen, Chen, Zhao, Liu, & Chi, 2020;
Chen, Jin et al., 2020; Mena, Gonzalez-Ortegon, Solano, & Aratjo, 2020;
Sharma, Wangoo, & Sharma, 2021). However, the problem of OPPs
residues is becoming more and more serious due to the long-term abuse
of OPPs, and not only pollute ecological environment, but also harm to
human health and life safety (Galaco, Jesus, Freire, de Oliveira, & Serra,
2020; Liu, Li et al., 2020; Liu, Luo et al., 2020; Wang et al., 2020). OPPs
are easy to combine with the active center of AChE, which make AChE
lose activity and the ability to hydrolyze acetylcholine, so that acetyl-
choline accumulates in human body, causing disorder of nerve con-
duction function and a series of poisoning symptoms (Buzyurova et al.,

* Corresponding authors.

2020; Nazar et al., 2020). A large amount of OPPs intake will cause a
series of neurotoxic symptoms, such as respiratory paralysis, and even
death in serious cases (Cha et al., 2020; Ma et al., 2020). Long term
exposure to or ingestion of low-dose OPPs may cause organ damage,
teratogenesis, carcinogenesis and mutation (Lumsden et al., 2020; Savall
et al., 2020).

With the change of environmental conditions, there are serious gene
mutations in agricultural and forestry insects, and the single OPP has
been unable to achieve satisfactory insecticidal effect (Boaventura,
Martin, Pozzebon, Mota-Sanchez, & Nauen, 2020; Machamer et al.,
2020). Therefore, the use of multiple OPPs mixed in a certain proportion
increase gradually. The current national detection standards only make
clear provisions for a single limit of OPPs, but not for the total amount of
OPPs (Bondoc, 2016a, 2016b, 2016c, 2016d; Monteiro, Witt, Guiloski,
dos Santos, & de Assis, 2020; Naime et al., 2020; Uriostegui-Acosta
et al.,, 2020). In order to monitor the content of OPPs in agricultural
products in time, monitor the rational use of OPPs, and prevent the
excessive OPPs food entering market, it is urgent to research and
develop methods and technologies for rapid detection of OPPs residues
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and the total amount of OPPs on site.

At present, the detection methods of OPPs mainly include chroma-
tography (Singh, Thakur, Singh, & Kaur, 2020; Zhang, Cao, Zhang, &
Yin, 2020; Zhong et al., 2020), enzyme inhibition (Qin et al., 2020;
Singh, Balayan, Hooda, Sarin, & Chauhan, 2020; Yang et al., 2019) and
immunoassay (Kumar, Vaid, Bansal, & Kim, 2020; Sun, Xiong, Tang,
Zeng, & Tang, 2020; Zhang et al., 2020). Chromatography is difficult to
meet the requirements of rapid and efficient detection of various de-
partments due to the shortcomings of large-scale instruments, complex
instrument operation, professional operation, complex sample pre-
treatment, long detection cycle and high cost. The enzyme inhibition
method has the advantages of short reaction time and simple operation,
but the enzyme reagent is easy to be inactivated with unstable results
and poor repeatability. Enzyme linked immune sorbent assay (ELISA) is
fast, sensitive and does not need expensive equipment, which makes it
easy to implement and more suitable for the detection of large quantities
of samples on site (Chen, Chen et al., 2020; Chen, Jin et al., 2020; Liu
et al., 2020). Among them, indirect competition method is the simplest
and most widely used method in ELISA.

Yang et al. prepared AChE sensor with patterned structure for
detecting dichlorvos based on titanium dioxide sol-gel carrier with the
limit of detection of 0.23 nM (Hu, Wang, Li, Wang, & Yang, 2020). A
fluorescence visualization paper-based sensor was developed by She et
al. to detect three OPPs with high stability (Wang et al., 2019). Zhao et
al. detected six f-agonists by indirect competitive immunoassay with a
wide linear range, low detection limit (Gu et al., 2020). So far, only one
or a few kinds of OPPs were detected in domestic and foreign research,
and there is no detection of total amount of OPPs. In this work, ac-
cording to indirect competitive method, a new nanogold/mercaptome-
thamidophos multi-residue electrochemical biosensor was constructed
by the combination of nanotechnology, surface chemical modification
and biosensor technology to detect simultaneously 11 kinds of OPPs and
the total amount of OPPs, and applied to the detection of OPPs in actual
samples of apple and cabbage.

2. Experimental section
2.1. Reagents

Dimethoate, parathion, diazinon, omethoate, methomyl, pirimiphos
methyl, trichlorfon, fenthion, graphite, chitosan, mercaptoacetic acid,
carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS)
were purchased from Shanghai Aladdin Biochemical Technology Co.,
Ltd. Chlorpyrifos, dichlorvos, methamidophos and phoxim were ob-
tained from national standard material network (www.bzwz.com).
Bovine serum albumin (BSA), potassium ferricyanide, disodium
hydrogen phosphate and sodium dihydrogen phosphate were purchased
from Sinopharm Chemical Reagent Co., Ltd. AChE and apple/cabbage
were bought from Shanghai Enzyme linked Biotechnology Co., Ltd and
Suguo Supermarket, respectively.

2.2. Instruments

Electrochemical performance of constructed biosensor was moni-
tored by a CHI600E electrochemical workstation (Shanghai Chenhua
Apparatus Co., Ltd, China). The experiments were performed using a
three-electrode system with platinum (Pt) wire, Ag/AgCl, and glassy
carbon as counter electrode, reference electrode, and working electrode,
respectively. Infrared spectra were measured by a Nicolet IS5 spec-
trometer (Thermo Fisher Scientific Co., Ltd, USA). The molecular
structure was analyzed by AVANCE 400 nuclear magnetic resonance
spectrometer (Bruker Corporation, Switzerland).

2.3. Synthesis of mercaptomethamidophos

In order to immobilize methamidophos on gold nanoparticles by
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Au-S chemical bonds, mercaptomethamidophos containing thiol group
was synthesized by amidation of methamidophos. The synthetic route is
as follows: 0.1 g methamidophos was dissolved in 10 mL 0.1 mol-L™!
hydrochloric acid, stirred for 1 h under ice bath conditions, and used as
solution A. 254 g EDC and 0.434 g mercaptoacetic acid were dissolved in
PBS solution (pH = 7.4) to obtain solution B. Add 0.542 g NHS into
solution B and stir at room temperature for 24 h to obtain solution C.
Add solution A to solution C slowly and stir for 24 h. The synthesized
white solid was evaporated to obtain mercaptomethamidophos and
stored at low temperature. The synthesis path is shown in Fig. 1S.

2.4. Preparation of nanogold/mercaptomethamidophos multi-residue
electrochemical biosensor

In 1% chloroauric acid solution, a layer of nanogold was plated on
the treated glassy carbon electrode (GCE) by electrochemical precipi-
tation method with a potential of —0.2 V and a constant potential of 60 s.
10 pL 0.1 M mercaptomethamidophos was applied on the electrode and
dried at 37.5 °C. The electrode was incubated in 1% mercaptohexanol
solution for 30 min to block the active sites on the surface of gold
nanoparticles which were not bound by mercaptomethamidophos.
Finally, the nanogold/mercaptomethamidophos multi-residue electro-
chemical biosensor was prepared by washing the electrode with PBS
solution.

2.5. Characterization

Electrochemical behavior of GCE at different stages was character-
ized by differential pulse voltammetry (DPV) and electrochemical
impedance spectroscopy (EIS), including GCE, GCE/nanogold, GCE/
nanogold/mercaptomethamidophos, GCE/nanogold/mercaptometha-
midophos/mercaptohexanol, GCE/nanogold/mercaptomethamido-
phos/mercaptohexanol/AChE. DPV spectrum was determined with
voltage range of —0.2 ~ 0.5 V and pulse amplitude of 50 mV in PBS
buffer solution (0.1 M, pH 7.4) of 2 mM K3[Fe(CN)¢]/K4[Fe(CN)g]. EIS
curve was measured with low frequency of 0.01 Hz, high frequency of
10° Hz and pulse amplitude of 0.005 V in 0.1 M KCl and 5 mM Ks[Fe
(CN)g] solution.

2.6. Optimization of condition

In order to detect OPPs by nanogold/mercaptomethamidophos
multi-residue electrochemical biosensor under optimal conditions, the
AChE concentration and incubation time were optimized at 37.4 °C.

Optimization of AChE concentration in incubation solution: PBS in-
cubation solutions with different concentrations of AChE were prepared
and applied to the nanogold/mercaptomethamidophos electrochemical
biosensor. After incubation at 37.4 °C for 30 min, the electrode surface
was washed with PBS, and the peak current value of DPV was measured
on the electrochemical workstation.

Optimization of incubation time: The mixed incubation solution of
10 pL AChE (optimal concentration of AChE) and PBS was applied to the
nanogold/mercaptomethamidophos electrochemical biosensor. DPV
peak current value was measured once every 5 min.

2.7. Detection of OPPs

Under the optimal AChE concentration and incubation time, a series
of 10 pL (the ratio of AChE to PBS is 8:2) of different concentrations of
OPPs and AChE were prepared and dripped onto nanogold/mercapto-
methamidophos electrochemical biosensor, which was incubated at
37.4 °C, washed with PBS buffer solution and placed in PBS buffer so-
lution of 2 mM Kj3[Fe(CN)g]. By measuring the change of DPV, the
concentration of OPPs was quantitatively detected.
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2.8. Pretreatment of actual samples

Three clean apple or cabbage samples were chosen, and cut them
into pieces about 1 cm? (50 + 0.005 g each). Quantitative addition of
trichlorfon/dichlorvos standard solution, adding a certain amount of
extraction solution for extraction, transfer into the flask, concentrate to
about 2 mL, and dry with nitrogen. 10 mL ethanol solution (volume ratio
1:1) was added and stored in dark at low temperature.

3. Results and discussion

3.1. Detection principle of nanogold/mercaptomethamidophos multi-
residue electrochemical biosensor

The detection principle of nanogold/mercaptomethamidophos
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Y \ £ VY
Y+ g
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Scheme 1. Detection illustration of nanogold/mercaptomethamidophos elec-
trochemical biosensor.

¢ (min)

electrochemical biosensor is shown in Scheme 1. The incubation solu-
tion containing OPPs and AChE was coated on nanogold/mercaptome-
thamidophos electrochemical biosensor. The OPPs in incubation
solution competed with methamidophos molecules on nanogold/mer-
captomethamidophos electrochemical biosensor to combine AChE in
incubation solution. AChE, which is not bound with OPPs in incubation
solution, forms phosphorylated acetylcholinesterase with meth-
amidophos on sensor, which hinders the transmission of electrons on
electrode surface, thus causing the change of DPV current value. At the
same time, the binding amount of AChE and methamidophos on sensor
is inversely proportional to that of OPPs in incubation solution. There-
fore, there is a good linear relationship between the difference of DPV
peak current value (AI = Iy — Iy, I is the peak current value corre-
sponding to different concentrations of OPPs, Ij is the peak current value
corresponding to the blank sample) and the OPPs content in a certain
range of concentration.

3.2. Characterization of mercaptomethamidophos

Fig. 3S provides the infrared spectra of mercaptomethamidophos and
methamidophos. From Fig. 3S, the modes in 3300 ~ 3500 cm™! are
associated with -NH; characteristic absorption peak of methamidophos.
The remarkable signal centering in 3250 cm ™! is characterized to the
stretching vibration between amide bonds associated with hydrogen
bonds. Band at 2880 cm™! and 2750 cm™! is composed of methyl in
phosphoester bonds. The strong characteristic peaks at 1670 cm !,
1570 em ™!, and 1235 ecm™! are associated with stretching vibration of
carbonyl bonds, bending vibration of N-H bonds, and bending vibration
of C-N bonds in amide bonds, respectively. This results showed that
mercaptomethamidophos was successfully synthesized.

3.3. Electrochemical characterization of biosensor

Differential pulse voltammetry was used to scan the signal of elec-
trodes in each stage, and the detection results were shown in Fig. 1A. As
shown in Fig. 1A, the peak current of bare GCE is about 44 pA (curve b).
When GCE was plated by nanogold, the electron transfer on electrode
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surface was enhanced due to the strong conductivity of gold nano-
particles. At the same time, the peak current slightly increases to 47.8 pA
(curve a) because the gold nanoparticles on electrode hinder electron
transfer. When mercaptomethamidophos was modified on the electrode,
the peak current decreased slightly to 42.4 pA (curve c), indicating that
the modified electrode had little effect on the properties of the electrode.
When mercaptohexanol blocked the active sites, the current value
decreased to 35.7 pA (curve d). This may be due to the fact that there are
active sites on bare nanogold, which mercaptomethamidophos can not
occupy, and mercaptohexanol combines with the remaining active sites.
After electrochemical reaction with AChE, the peak current decreased to
22 pA (curve e). This is due to the formation of phosphorylated acetyl-
cholinesterase between methamidophos and AChE, which results in the
obvious obstruction of electron transfer on electrode surface and the
decrease of current value.

The characterization results of EIS are displayed in Fig. 1B. Ac-
cording to Fig. 1B, the electron transfer resistance (R¢) of bare GCE and
GCE/nanogold are 45 Q (curve a) and 33 Q (curve b), respectively,
which shows that the electron transfer on electrode surface is enhanced
after the gold nanoparticles are modified, at the same time, the modi-
fication of gold nanoparticles hinders the electron transfer and the
current value changes little. This is consistent with the results of DPV
analysis. When mercaptomethamidophos was modified to the electrode,
Rt increased to 37 Q (curve c), indicating that the effect of mercapto-
methamidophos on the biosensor was slight. When mercaptohexanol
blocked the active site, Re increased slightly to 51 Q (curve d), due to
the influence of mercaptohexanol binding with nanogold on electron
transfer. After electrochemical reaction with AChE, R increased rapidly
to 213 Q (curve e), suggesting that AChE binds with methamidophos on
electrode surface to form phosphorylated acetylcholinesterase, which
hinders the electron transfer. Finally, R increased to 449 Q when only
AChE was added, which indicated that the current value was related to
the content of AChE.

3.4. Optimization of condition

The optimized results of AChE concentration and incubation time are
shown in Fig. 1C and D. From Fig. 1C and D, the current value decreased
with the increase of AChE concentration. When the concentration of
AChE is 8 pg-mL™}, the current value reaches minimum, and when the
concentration exceeds 8 pg-mL~}, the current value increases slightly,
which indicates that AChE is saturated at this time. Therefore, the
optimal concentration of AChE is 8 yg-mL ™. In the competitive reaction
between OPPs, methamidophos and AChE, the binding amount of AChE
and methamidophos increased with increasing incubation time. The
current value decreased rapidly with the increase of incubation time.
After 25 min, the current value remained unchanged, then slightly
increased, indicating that AChE is saturated, so 25 min was the best
time.

3.5. DPV detection of OPPs

11 kinds of OPPs, including chlorpyrifos, dichlorvos, meth-
amidophos, dimethoate, parathion, phoxim, omethoate, trichlorfon,
pirimiphos methyl, diazinon, fenthion and one carbamate (the standard
solution of methomyl) were detected by nanogold/mercaptomethami-
dophos multi-residue electrochemical biosensor. DPV was used to scan
the electrical signals of OPPs with different concentrations, and the
superposition curves were plotted in Fig. 2. As demonstrated in Fig. 2,
after the electrochemical biosensor was incubated in incubation solution
containing OPPs/methomyl and AChE, the peak current value of DPV
gradually decreased. This is because OPPs or methomyl in solution and
AChE form phosphorylated acetylcholinesterase or carbamyl acetyl-
cholinesterase, which inhibites the transmission of electrons on elec-
trode. The more phosphorylated acetylcholinesterase or carbamyl
acetylcholinesterase is formed, the more obvious the blocking effect, the
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lower the peak current value of DPV. At the same concentration, the
electrochemical response for OPPs or methomyl detection was in a
sequence of phoxim > chlorpyrifos > fenthion > dimethoate > ome-
thoate > parathion > diazinon > dichlorvos > methomyl > trichlorfon
> methamidophos > pirimiphos methyl. The higher the concentration of
OPPs or methomyl, the greater the peak current value; the larger the
difference of concentration, the greater the difference of peak current
value, indicating that the difference of DPV peak current value A[ is
directly proportional to the content of OPPs or methomyl in solution.

Comparison of detection results of 11 OPPs and methomyl are rep-
resented in Table 1. From Table 1, the slope of linear relationship of
OPPs was close (about 0.02), and the relative standard deviation was
5.044%. The slope of linear relationship of methomyl is slightly higher
than those of OPPs. This is because the formation mechanisms of OPPs
and AChE are the same, they both produce phosphorylated acetylcho-
linesterase, while methomyl belongs to carbamate, which produces
carbamyl acetylcholinesterase. The structures of two enzymes are
different, and the obstruction to electron transfer is also different. The
linear range, detection limit and correlation coefficient for OPPs are 0.1
~ 1500 ng-mL~!, 0.019 ~ 0.077 ng-mL~! and 0.9905 ~ 0.9992,
respectively, proving that nanogold/mercaptomethamidophos multi-
residue electrochemical biosensor manifests excellent properties with
a wide linear range and low detection limit, which is attributed to the
high specific surface area of GCE/nanogold/mercaptomethamidophos
caused by nanoscale effect and good conductivity of gold nanoparticles,
increasing loading capacity of OPPs. Furthermore, it is helpful to the
immobilization of mercaptomethamidophos on electrode surface
through Au-S bonds. This ensures that AChE can be adhered to the
electrode surface in a large amount due to the strong interaction be-
tween AChE and mercaptomethamidophos.

3.6. Detection of total OPPs, stability and repeatability

Four kinds of commonly used OPPs were mixed in different pro-
portions to prepare mixed solutions of different concentrations. The
results are shown in Table 1S and Table 2S. The relative deviation of
nanogold/mercaptomethamidophos  multi-residue electrochemical
biosensor is within 5% when the detection range of total OPPs is 950
ng-mL~! ~ 50 ng-mL~}, which is suitable for pesticide detection. The
electrochemical biosensors were placed at 37.4 °C for 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days and 10 days,
respectively. It was found that the standard deviation of the slope of the
linear relationship was 3.8% in the detection results of methamidophos
with 10 electrodes, which indicated that the stability was fine for
nanogold/mercaptomethamidophos electrochemical biosensor. In order
to verify the repeatability of nanogold/mercaptomethamidophos elec-
trochemical biosensor, seven different electrodes were selected to detect
methamidophos with three different concentrations. The standard de-
viation of the measured values was between 5.5% and 8.6%, which
shows that nanogold/mercaptomethamidophos electrochemical
biosensor can be reused, and greatly increases practical use ability of the
biosensor.

3.7. Detection of actual samples

In order to evaluate the detection performance of nanogold/mer-
captomethamidophos multi-residue electrochemical biosensor in prac-
tical system, two OPPs (trichlorfon, dichlorvos) with high toxicity were
selected as detection objects with low, medium and high concentrations
in standard addition recovery experiments. The test results are described
in Tables 2 and 3. From Tables 2 and 3, the average recovery was
81.45%~116.81%, and the relative standard deviation was within 10%,
meeting the requirements of recovery standard, which indicates that
nanogold/mercaptomethamidophos electrochemical biosensor can
effectively detect OPPs.
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Fig. 2. DPV of (a) omethoate, (b) pirimiphos methyl, (c) diazinon, (d)
fenthion, (e) trichlorfon, (f) methomyl, (g) chlorpyrifos, (h) dichlorvos,
(i) methamidophos, (j) dimethoate, (k) phoxim, and (1) parathion
detection by nanogold/mercaptomethamidophos multi-residue electro-
chemical biosensor: the concentrations from top to bottom were 1500
ng-mL~}, 1200 ng-mL~?, 800 ng-mL~?, 600 ng-mL~?, 400 ng-mL~?, 200
ng-mL~, 100 ngmL~}, 50 ng:mL~}, 10 ngmL}, 1 ng-mL~! and 0

ng-mL’l.
Table 1 Table 3
Comparison of detection results of 11 OPPs and methomyl. Detection of trichlorfon in cabbage samples.
Detection object ~ Linear Correlation Linear Detection Amount added Actual concentration ~ Recovery Average RSD
relationship coefficient range limit (ng-mL’l) (ng-mL’l) (%) recovery (%) (%)
7 -1 7 —1
(ngml. )  (ngml ) 100 113.90 113.90 103.82 8.63
Parathion Y= 0.9905 0.1 ~1500  0.034 96.69 96.69
0.02088X + 100.88 100.88
17.1950 400 439.30 123.33 116.81 6.52
Chlorpyrifos Y= 0.9992 0.056 433.75 108.44
0.02392X + 474.66 118.67
5.2355 1000 822.87 82.29 81.45 1.80
Dichlorvos Y= 0.9992 0.022 822.87 82.29
0.02151X + 797.76 79.78
5.5914
Methamidophos Y= 0.9912 0.031
0.01981X + high sensitivity was achieved by nanogold/mercaptomethamidophos
Dimethoat 4Y'4055 0.9961 0,019 multi-residue electrochemical biosensor with the combination of nano-
imethoate = . . . .
0.02484X + scale effect, strong Au-S bonds and interaction between AChE and
9.9014 mercaptomethamidophos. In the process of incubation, the optimal
Phoxim Y= 0.9968 0.041 AChE concentration and incubation time are 8 pg-mL™' and 25 min,
0.02212X + respectively. The lower OPPs concentration, the smaller peak current
Omethoate ‘1(0'73138 0.9925 0.030 value; the larger the difference of OPPs concentration, the greater the
0.02248X ’ ’ difference of peak current value, which the reason is that OPPs and
3.7968 AChE form phosphorylated acetylcholinesterase in solution, blocking
Pirimiphos Y= 0.9965 0.077 the transmission of electrons on electrode surface. The nanogold/mer-
methyl 0.02030X + captomethamidophos multi-residue electrochemical biosensor indicates
3.3234 superior properties with a wide linear range (0.1 ~ 1500 ng-mL 1), low
Diazinon Y= 0.9939 0.055 DETIOT Prope range (0. §mL ), JoV
0.02390X + detection limit (0.019 ~ 0.077 ng-mL™ "), and good correlation coeffi-
3.1964 cient (0.9905 ~ 0.9992), which can be ascribed to the innovative design
Fenthion Y= 0.9926 0.043 strategy. This biosensor has good stability and repeatability, realizing
(1)'2§?25X + the rapid detection of total amount of OPPs, and can simultaneously
Trichlorfon Y= 0.9937 0.021 detect a large class of OPPs rather than one kind of OPP. The average
0.02163X + recovery and relative standard deviation of trichlorfon and dichlorvos
3.4394 detection in the actual samples of apple and cabbage were performed,
Methomyl 50138175( 0.9917 0.081 which shows great potential for the applications in environmental and
. + -
61317 food safety detection.
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4. Conclusions

In this paper, the mercaptomethamidophos was successfully pre-
pared as a substrate. Using indirect competitive method, the simulta-
neous rapid detection of 11 kinds of OPPs and total amount of OPPs with
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