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Abstract

Pseudomonas aeruginosé. aeruginosa is one of the most intractable
multidrug-resistant bacteria of nosocomial infeesio The conventional detection
methods forP. aeruginosaare time-consuming or low detection sensitiviterél a
novel enzyme-free electrochemical biosensor wastoacted to deted®. aeruginosa
rapidly and sensitively. Firstly, the ZrMOF withrgge surface area was synthesized,
which offers excellent adsorption. Further, it veasinected with a specific amount of
CU¥' to synthesize Cu-ZrMOF with high catalytic actvit Then the
Cu-ZrMOF@Aptamer@DNA nanocomposite was composedsaned as the signal
probe to catalyse the decomposition @Ol Moreover, high conductive Super P was
introduced to increase the electron transfer féisfsatory detection sensitivity. The
proposed biosensor was constructed and used tdifyuBnaeruginosawith a wide
linearity range of 10-10CFU-mL" and a low limit of detection of 2 CFU- mL(S/N
= 3). Compared with conventional methods, the nesthod of present biosensor is
more sensitive, and less time-consuming (only witi?0 min). The analytical
performance evaluation indicated that the bioseaghibits good reproducibility and
specificity. Finally, the biosensor was succesgfalbplied to quantifyP. aeruginosa
in spiked urine samples. These results show that pfoposed electrochemical

biosensor might be a potential laboratory tooldetectingP. aeruginosan the clinic.

Keywords. Electrochemical biosensor; Metal-organic framewofkuper P;P.

aeruginosaGold nanoparticles.
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1. Introduction

P. aeruginosais one of the top three pathogens involved in ojppastic
infections (Tang et al. 2017l. aeruginosawas listed as a critical pathogen by the
World Health Organization in 2017. It can cause aiety of infections in
immunocompromised patients, such as urinary ttdogd and respiratory infections
(Jia et al. 2017; Shah and Naseby 2015). Prommgindss and correct treatment
depend on the results of laboratory detection. Agsent, conventional detection
methods folP. aeruginosanclude plate culture, polymerase chain reacti®@R) and
mass spectrometry. As the gold standard, the ptatkure is accurate but
time-consuming (Ito et al. 2018). Although quaria detection oP. aeruginosaan
be achieved by PCR, the requirement for operasogsiite high (Kunze et al. 2016). In
addition, mass spectrometry requires expensivdaagd-scale instruments (Mougous
et al. 2006). Therefore, it is important and urgentdiscover a rapid, simple and
sensitive method to deteet aeruginosa

Recently, biosensor has attracted increasing aitent the detection of.
aeruginosa For example, a localized surface plasmon res@aptasensor was put
forward to detect. aeruginosa(Hu et al. 2018). Yue et al. reported a label-free
electrochemiluminescent biosensor for detectiof®.oderuginosausing phage with
strict host specificity as specific recognitionraknt, yet the operation process was
relatively complicated (Yue et al. 2017). An electitemical immunoassay for
detection oP. aeruginosdased on pectin-gold nanocomposite had also legented,
but the sensitivity was not satisfactory (Krithggaal. 2016). These mentioned methods
of biosensor can overcome some defects of the obiowal methods to a certain
degree. However, the low signal amplification eéficy, as a key issue, still cannot
meet the clinical needs, this limits their cliniegdplication. Therefore, it is necessary
to provide a more sensitive and effective biosetsdetecP. aeruginosan the clinic.

It is well known that theelectrochemical biosensor has been an attractlelto
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offers many outstanding advantages including rapalysis, high sensitivity, low cost,
easy operation and miniaturization (Li et al. 2018Yith the development of
nanoscience and nanotechnology, nanomaterials bae&a increasingly used to
construct the electrochemical biosensor (Li €2@17; Tang et al. 2018). Carbon-based
nanomaterials such as graphene oxide, nitrogenedgmag@hene and carbon black play
an important role in nanotechnology owing to theicellent chemical and physical
features, such as strong adsorption capability dost and easy preparation (da Silva et
al. 2018). Among them, Super P, a type of carbackoivith high chemical stability,
can produce more stable detection signal. More rtapg it has high conductivity and
can be used to increase current signal by modifglegtrode. However, research
based on Super P for detection is rarely reporteds well known that gold
nanoparticles (AuNPs) present good biocompatibditgl conductivity. Furthermore,
they can provide enough binding sites for subsegpesteins (Huo et al. 2016).
Therefore, in present work, both Super P and AuM&® connected onto the surfaces
of the electrodes to increase the current sigmaddiisfactory detection sensitivity.
Metal-organic framework (MOF) materials are anothigal element of signal
amplification. As a new type of crystal mesoporouaterials, MOFs have attracted
considerable attention in biosensor due to its tsef controllable structure, large
surface area and adjustable aperture (Kaneti 20al). Among them, zirconium series
metal-organic framework (ZrMOF) displays great pbid. Recently, Yan et al.
constructed a chemiluminescent biosensor to anglggein kinase activity by loading
specific amounts of Au and Pt nanoparticles onldhge surface area of ZrMOF (Yan
et al. 2018). Of note, due to the presence of th® group in ZrMOF, the aptamer
modified by phosphate groups (P) can be boundMQ# through Zr-O-P (Wang et al.
2017), which is conducive to biosensor constructi®@uo et al. reported an
electrochemical biosensor for detecting carcinogntic antigens based on Zr-O-P
(Guo et al. 2017). Furthermore, owing to the oudtag adsorptive ability and various

grafting groups, including -NfHand -COOH (He et al. 2014), the ZrMOF is considere
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as an ideal candidate for that it can immobilizéhboetal ions and biological ligands.
Based on the different metal ions tPlor C&") carried by ZrMOF, Chen et al.
proposed a new biosensor to detect multiple aridsiqChen et al. 2017). Therefore,
the ZrMOF possesses many advantages and can befextpeandidate in the
construction of biosensor. In present work, theZtMOF with high catalytic activity
was successfully synthesized, and it was appli@bmstruct bacterial biosensor.
Aptamers, known as “artificial antibodies” are $hoisingle-stranded
oligonucleotides or peptide sequences. They hagevitiues of high affinity and
specificity towards targets, easy preparation, é@st and excellent stability (Meng et
al. 2016). In previous work, the aptamer was usedeaognition element for the
detection of staphylococcal enterotoxin B (Zhouakt2016) andMycobacterium
tuberculosissecreted protein MPT64 (Gou et al. 2018), respelgti Herein, a new
enzyme-free electrochemical biosensor has beemyrossito detecP. aeruginosa
rapidly and sensitively. Firstly, the Cu-ZrMOF withigh catalytic activity was
synthesized by connecting the ZrMOF and a speeifiount of Cé". Then the
Cu-ZrMOF@Aptamer@DNA nanocomposite was composedsamned as the signal
probe by catalysing the decomposition efl The aptamer was used to identiy
aeruginosaspecifically, and the short DNA was connectedhi® temaining binding
sites of Cu-ZrMOF, which can facilitate the recdgm of P. aeruginosay exposing
the base sequences of the aptamer. Moreover, tie dinductive Super P was
introduced to increase the electron transfer fosfe&tory detection sensitivity. To the
best of our knowledge, the innovative combinatib@0-ZrMOF and Super P is rarely
reported in the field of electrochemical biosengara kind of materials with excellent
conductivity, AuUNPs were used to immobilize antipodn electrode surface in
present work. The stepwise fabrication processamsay principle were depicted in
Scheme 1. As expected, an enhanced current sigoé ©e detected only in the

existance oP. aeruginosa
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<Scheme 1>

2. Materials and methods
2.1. Reagents and materials

P. aeruginosa(ATCC 27853) was obtained from the American Typdt@e
Collection (ATCC, USA).Escherichia coli(E. coli), Staphylococcus aureugS.
aureug, Acinetobacter baumannifA. baumannji, and Klebsiella pneumoniagK.
pneumoniag were gifted from the First Affiliated Hospital @@hongging Medical
University. Mouse monoclonal antibody [B11] (ab358&gainstP. aeruginosavas
ordered from Abcam Co. (Cambridge, UK). Super P whmined from TIMCAL
(Henan, China). Copper (Il) chloride dihydrate (CuZH,O) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Zirconium (IV)chloride (ZrCh), 2,
2'-bipyridine-5, 3-dicarboxylic acid (bpydc) and acetic acid (HAc,. @) were
obtained from Aladdin (Shanghai, China). Chloroaatid (HAuCl) and anhydrous
tetrahydrofuran (THF) were obtained from Macklin h§&ghai, China).
Dimethylformamide (DMF) was purchased from Chroref@ircals (Sichuan, China).
Chitosan, sodium citrate, tryptone, yeast extranty bovine serum albumin (BSA,
96%-99%) were purchased from Sangon Biotechnoldgy(Shanghai, China). All the
oligonucleotide sequences were synthesized anfigouby high-performance liquid
chromatography at Sangon Biotechnology, Co. (Shain@hina). The sequences are
listed in Table S1. Ultrapure water (MilliQ 18.2(Mcm, Millipore System, Inc) was
employed in all of the experiments. All other reatgeused in this work were of

analytical grade and were utilized without furtperification.

2.2. Apparatus
Cyclic voltammetry (CV), electrochemical impedarsectroscopy (EIS) and
differential pulse voltammetry (DPV) were carriagt on a CHI 660E electrochemical

workstation (Shanghai, China) with a conventiohaté-electrode system consisting of
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a modified gold electrode as the working electreaeAg/AgCl electrode (immersed in
saturated KCI solution) as the reference electra@el a Pt wire as the auxiliary
electrode. Cary eclipse fluorescence spectrophderm@gilent, California) and
upright fluorescence microscopy (Nikon ECLIPSE 8@pan) were used to analyse the
recognition effect between the aptamer &deruginosaHigh-resolution scanning
electron microscopy (HR-SEM, FEI Nova Nano 450, YS#d high-resolution
transmission electron microscopy (HR-TEM, FEI G2FRBA) were conducted to
characterize the morphology of ZrMOF. Transmis&lattron microscopy (TEM, FEI
G2F20, USA) and field emission scanning electroorasicopy (FESEM, Quanta 400
FEG, USA) were employed to characterize AUNPs amqe6P, respectively. Energy
dispersive spectrometer (EDS, Oxford X-MaxN, Bri)aivas used to analyse the
elements of the Cu-ZrMOF. Zeta potential (Nano Z8nB600), UK) was used to

analyse whether aptamer and DNA were attachedtbatsurface of Cu-ZrMOF.

2.3. Preparation of Super P and AuNPs

Firstly, to obtain the highly uniform Super P sussien (1 mg-mL), 4.0 mg
Super P was dispersed into 4.0 mL chitosan solydob26) via sonication for 1 h.
AuNPs were prepared according to procedures destciibthe literature (Yang et al.
2016). Briefly, 100 mL HAuGJ (0.01%) was stirred and boiled for 15 min, themll
trisodium citrate (2%) was slowly added to the abewlution. The mixture solution
was stirred continuously for another 5 min untg ttolour was changed from pale
yellow to wine red. Finally, the AuNPs solution wasoled to room temperature (RT)

and stored at 4°C for subsequent usage.

2.4. Synthesis of ZrMOF, Cu-ZrMOF, and Cu-ZrMOF @Gahper @ DNA
2.4.1. Preparation of ZrMOF
ZrMOF was prepared according to procedures destiibthe literature (Chen et

al. 2018) with minor modification. Firstly, 80 mgyxlc was dispersed in 6 mL DMF
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with sonication for 5 min, and then 26.12 mg Zn@s dissolved in 12 mL DMF with
sonication for 5 min. Afterwards, the two reactam&e mixed together in the reactor,
then 1.5 mL acetic acid was added with sonicatworbfmin. The mixture solution was
then stirred and heated at 120°C for 16 h. Findhg, white solid was obtained by
centrifuging at 9,000 rpm (5,450 rcf) for 10 mindawashed three times with ethyl
alcohol.
2.4.2. Synthesis of Cu-ZrMOF

Cu-ZrMOF was synthesized according to procedurssrieed in the literature
(Chen et al. 2018) with minor modification. In aunal-bottom flask, 30 mg ZrMOF
was dissolved in 5 mL THF with sonication for 5 mif0.60 mg CuGI2H,O was
added to the ZrMOF solution with sonication for $nmand then the mixture was
stirred for 2 h at RT. Finally, the green solid veadlected by centrifugation at 9,000
rpm (5,450 rcf) for 5 min and washed three timeth wthyl alcohol, then re-suspended
with 2 mL DMF to obtain the Cu-ZrMOF solution. Teelution was stored at 4°C in
the dark for subsequent usage.
2.4.3. Preparation of Cu-ZrMOF@Aptamer@DNA

Immobilization of aptamer and DNA onto Cu-ZrMOF wasmpleted according
to the literature (Liu et al. 2018) with little mifidation. Firstly, 100 uL the
abovementioned Cu-ZrMOF solution was centrifuge®,800 rpm (5,450 rcf) for 5
min, the supernatant was discarded, and the lafteas resuspended with 460 pL
DMF. Then, 20 pL aptamer (10 pmofand 20 pL DNA (10 pmol-t) in PBS (0.01
mol- L%, pH 7.4) were added into Cu-ZrMOF solution, thectutie was stirred well at
37°C overnight. Cu-ZrMOF@Aptamer@DNA was then padfby three circles of
centrifugation at 9,000 rpm (5,450 rcf) for 5 mindawashed with ethyl alcohol.

Finally, the product was stored in 100 uL DMF amal probe for future use.

2.5. Fabrication of the electrochemical biosensor

To obtain a mirror-like surface of the gold eledepthe preparation procedures

8
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were performed as follows: Firstly, gold electradgs polished with 0.3 um and 0.05
pm alumina slurry followed by ultrasonic cleaningiitrapure water, ethyl alcohol and
ultrapure water, successively, for 5 min. Next, god electrode was treated with
freshly prepared piranha solution (98%8@,:30% HO,, 3:1 v/v), followed by rinsing
thoroughly with ultrapure water. At last, a mirddee surface of the gold electrode was
obtained. Then, 10 pL Super P (1 mg-thivas dropped onto the prepared bare gold
electrode and dried at RT, and 9 pL AuNPs was adaeddried at 37°C for 1 h.
Following, 8 pL antibody again§t. aeruginosa50 pg-mr*) in PBS (0.01 mol-T,
pH 7.4) was attached directly onto the gold eletdreurface at 37°C for 2 h. After
washing with PBS (0.01 mol™_pH 7.4), 10 pL BSA (0.5%) was applied to block th
unbound binding sites on the surface of the gotdtedde at RT for 1 h. Finally, the
proposed electrochemical biosensor was obtained aftother round of washing with

PBS, and it was stored in PBS (0.01 mdl-pH 7.4) at 4°C for future use.

2.6. Experiment on the specific binding abilitytteé aptamer and P. aeruginosa

To investigate the specific binding ability of taptamer andP. aeruginosas.
aureuswas chosen as control. Bd#h aeruginosaandS. aureusvere incubated with
FAM-labelled aptamer (200 nmol*).in PBS (0.01 mol-t, pH 7.4) at 37°C for 4 h,
respectively. After centrifuging at 5,000 rpm (106&f) for 5 min, the fluorescence
intensity of the two different reaction system seeints was observed by fluorescence
microscopy. The fluorescence intensity of the sogemt was measured by
fluorescence spectrophotometer (excitation andsamsvavelengths: 490 nm and 520

nm, respectively; excitation and emission slitendand 5 nm, respectively).

2.7. Preparation of bacterial strains
Five hundred milliliters Luria-Bertani (LB) mediursolution was prepared
consisting of 5 g sodium chloride, 5 g trypton&, @ yeast extract, 7.5 g agarose G-10

and 500 mL ddkD. All bacterial strains were incubated freshlyhwitB plates in an
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incubator containing 5% Cft 37°C for 16-24 h. McFarland turbidimetry was lagap
to quantifyP. aeruginosaThe bacterial suspensions with different con@giains (10,

107, 10, 1¢, 10° and 16 CFU-mL?) were prepared with PBS (0.01 mof;lpH 7.4).

2.8. Electrochemical detection of P. aeruginosa

Ten microlitersP. aeruginosawith different concentrations was added onto the
prepared electrode and incubated at RT for 1 herAfiashing with PBS, 10 uL signal
probe (Cu-ZrMOF@Aptamer@DNA) was added for furth@munoreaction and
signal detection. DPV measurements were performaa £0.1 V to +0.6 V in PBS
(0.01 mol- [}, pH 5.0) containing kO, (0.02 mmol- [}, 30%).

3. Results and discussion
3.1. Characterization of the materials

FE-SEM and TEM were employed to evaluate the sanfacrphology of Super P
and AuNPs, respectively. As seen in Fig. 1A, theraparticles of Super P were
distributed uniformly with about size of 70 nm. Tinocrystals were sphere and had a
large surface area, which indicated that Super dP tha potential to increase the
electrode effective surface and improve electwoalductivity. Fig. S1 showed that the
synthetic AUNPs were dispersed homogeneously withwerage diameter size of 15
nm. The structure and morphology of ZrMOF were sigated using HR-SEM and
HR-TEM. As depicted in Fig. 1B and Fig. 1C, thestey morphology of ZrMOF was a
typical octahedral structure with an average sfZ&26 nm, which implied that ZrMOF
had good dispersibility. These results indicateat tfthe AuUNPs and ZrMOF were
prepared successfully. The presence and conteheatlements of Cu-ZrMOF were
analysed by EDS. As shown in Fig. 1D, the peak&rofCu, CI, C and O were clearly
observed, and the peak intensity of Cu was obviainich indicated that Cii was
connected to ZrMOF successfully. The zeta poteistiased to characterize the process

of modification and the stability of prepared corspes (Liu et al. 2018). The potential
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value of Cu-ZrMOF solution was +42 mV, the potentialue was decreased to -35
mV measured in the same solution upon connectiriigeohegatively charged aptamer
and DNA (Fig. 1E). It indicated that aptamer and ADNere connected onto the
surface of Cu-ZrMOF successfully. According to Edddar’s report, the particles in
solution with zeta potential above +25 mV and bel@y mV are considered to be
stable (EI-Naggar et al. 2016). In fact, the zedteptial of prepared composites was
just in this range. This implied that the Cu-ZrMOR@amer@DNA had good

stability and might be an ideal signal probe.

<Figure 1>

3.2. Characterization of stepwise fabrication af #lectrochemicabiosensor

The preparation of the electrochemical biosensa st@wn step by step in Fig.
2A. As a convenient and effective method, CV meam@nt was used to investigate
the process of fabrication by measuring the cusigmtal with a scan rate of 0.1 V/S in
PBS (0.01 mol-1, pH 7.4) containing 5 mmol-L[Fe(CN)6f" and 0.10 mol-t
KCI. As shown in Fig. 2B, the bare gold electroder¢e a) exhibited a well-defined
redox peak. When Super P (curve b) was fixed dredare gold electrode, the current
signal was increased obviously. It indicated thgie3 P had good conductivity. Next,
AuNPs (curve c) were modified on the gold electradel the current signal continued
to increase, it might be caused by the enhancenfegffective surface area of gold
electrode with the help of AuNPs. Modified by nondactive substances, such as the
antibody, BSA andP. aeruginosathe current signals of the modified electrodes
decreased gradually for that the electron trangéer hindered. It is supported by Li's
report (Li et al. 2018). When the antibody was addato the electrode, the current
signal decreased, it indicated that the antibodyvge d) was immobilized onto the
electrode surface successfully. According to therdture, it might be connected by

the Au-NH bond (Wang et al. 2017). The current signal wasessed further after
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BSA (curve e) was fixed on the electrode. Lasthg tedox peak was decreased
drastically (curve f), which implied the specifiecognition of antibody andp.
aeruginosa

As another common method for studying the intedlgaioperties at the electrode
surface, EIS (low frequency: 1 Hz) was applied waleate the feasibility of the
electrochemical biosensor. As depicted in Fig. 2Qjny circuit electron transfer
resistance (Ret) indicated that the bare gold reldethad admirable electron-transfer
capability (curve a). After assembling with Supeth® Ret was decreased (curve b).
With further modification by AuNPs, the Ret evenswiarther decreased (curve c).
However, the Ret was increased gradually after ectimg the antibody (curve d),
BSA (curve e) an®. aeruginosdcurve f) on the surface of gold electrode steptbp.
This showed that the antibody, BSA dhdaeruginosavere successfully immobilized
onto the gold electrode surface. The relative siRell change is probably due to the
modified Super P and AuNPs with high conductivitkis evidence suggested that the

proposed biosensor was feasible.

<Figure 2>

3.3. Feasibility of the proposed electrochemicalsieinsor

To evaluate the effect of Super P on conductiuitg, current signal value was
tested by CV measurement. In Fig. 3A, the curregniad was significantly increased
after modification of Super P, which was about ¢htenes that of the bare gold
electrode. The effect of increasing conductivityswabviously higher than that of
recent reports (Hassani et al. 2018; Zhang eD4POR This indicated that Super P could
increase the current signal and assist to gefaetiisy detection sensitivity. As seen in
Fig. 3B, distinct and consistent DPV current signaere observed when Cu-ZrMOF
and Cu-ZrMOF@Aptamer@DNA were cast onto the surfaicgold electrode. It

suggested that both of them had excellent catadgivity. The catalytic activity of
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Cu-ZrMOF was not reduced after being modified btaager and DNA. As shown in
Fig. 3C, no distinct DPV current signals were ofsediwhen Super P (curve a), AUNPs
(curve b), antibody (curve c), BSA (curve d) aRd aeruginosa(curve e) were
immobilized onto the surface of electrode. As expecthe obvious DPV current
signal was detected while the signal probe (Cu-ZB@Aptamer@DNA) was
connected on the electrode surface (curve f). Thiicated that each step of
modification of the electrode would not interferéhnthe detection oP. aeruginosa
Next, to investigate the specific binding abilitiythe aptamer an@. aeruginosas.
aureuswas chosen as control. In Fig. SFA,aeruginosaould be specifically bound
to the aptamer; whereds, aureugsould not be bound to it (Fig. S2B). In Fig. S2&
fluorescence intensity of the supernatanbofureusvas approximately six times that

of P. aeruginosaThis implied that the aptamer can bindPtaaeruginosapecifically.

<Figure 3>

3.4. Optimization of experimental conditions

To obtain the optimal analytical performance of greposed electrochemical
biosensor, the vital parameters of the experimarewptimized, such as the type of
working solution, the pH of PBS, the concentratiohthe antibody againsP.
aeruginosathe proportion of Cu-ZrMOF and aptamer, the cof@ion proportion of
aptamer and DNA, and the incubation time of the nalig probe
(Cu-ZrMOF@Aptamer@DNA).

As the common working solutions, PBS and HAc-Nafarevchosen to explore
their effects on the catalytic activity of Cu-ZrMOR Fig. S3A, the DPV current signal
of PBS was about three times that of HAc-NaAc urtlersame pH condition (pH =
3.0), it might be that PBS contains more free ioodenponents which improve
catalytic activity. The result implied that PBS wasre suitable for Cu-ZrMOF. The

effect of different pH of PBS ranging from pH 3ddH 6.0 on DPV response was also
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investigated. As depicted in Fig. S3B, the optimuithof PBS was 5.0. Given that the
concentration of antibody plays an important rolehie recognition oP. aeruginosa
the DPV current signals were measured at the difteconcentrations of antibody
ranging from 30 pg-mt to 70 pg-mLi. As a result, the highest current signal was
received when the concentration of antibody wag&anL* (Fig. S3C).

Cu-ZrMOF@Aptamer@DNA, as the signal probe, is aflaeyor in the process of
measurement. The appropriate proportion of Cu-ZrN@& aptamer is very important
for the catalytic effect of the signal probe and tapture effect oP. aeruginosaln
Fig. S3D, the current signal was increased withrtheeasing proportions from 10:1 to
10:2, but it was decreased when the proportiong w6r3 and 10:4. Therefore, 10:2
was chosen as the optimal proportion of Cu-ZrMO#& aptamer. Further, the current
signals of different concentration proportions pfaamer and DNA ranging from 1:0.5
to 1:1.5 were investigated. As seen in Fig. S3& hilghest current signal was received
when the concentration proportion of aptamer andADMas 1:1. Finally, the
incubation time of Cu-ZrMOF@Aptamer@DNA was alsplexed. The DPV current
signal was gradually increased with the prolongetb the incubation time from 30
min to 50 min, but it exhibited no obvious chandeew the incubation time was further
prolonged to be 60 min (Fig. S3F). Therefore, th&énoal incubation time was found to
be 50 min.

3.5. Analytical performance of the proposed elezttemical biosensor
3.5.1. Repeatability

As a new method, the repeatability is a very imguart parameter. The
repeatability of proposed electrochemical biosemgs evaluated by relative standard
deviation (RSD). As shown in Fig. S4, the curraghals were measured repeatedly
with different concentrations df. aeruginosa1(?, 1¢* and 16 CFU-mL?Y), and the
RSD were 4.0%, 3.8% and 3.7%, respectively (n = 10)

3.5.2. Linearity range and limit of detection
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Under the optimal experimental conditions, différesoncentrations ofP.
aeruginosawere detected by the electrochemical biosensosh@ésvn in Fig. 4A, the
peak current signal was increased gradually wighititreasing concentration Bt
aeruginosa The current signal intensity had a good linedati@nship with the
logarithm ofP. aeruginosaoncentrations ranging from 10 to®XDFU- mL* (Fig. 4B).
This indicated that th€. aeruginosacould be quantified using the linear regression
equationl (MA) = 4.40logc + 10.05with a linear correlation coefficient gRof 0.99.
The limit of detection (LOD) was estimated to beCEU-mL* (S/N = 3, n = 10),
which was calculated by the following equation: L&B SD/k (SD represents the
standard deviation of the blank, k representsltiyfgesof the linear regression equation)
(Feng et al. 2017). As shown in Table S2, compavéth the recent literatures
regarding the detection &f. aeruginosathe present electrochemical biosensor had
good performance with respect to LOD and linearétgge. This indicated that the
proposed biosensor exhibited good analytical peréorce for quantifyingP.
aeruginosa
3.5.3. Specificity

To assess the specificity of the proposed electnmital biosensor, different
bacterial strains at the same concentratioi @BU-mL") were detected under the
same experimental conditions includiig coli, S. aureus A. baumanniiand K.
pneumoniaeAs shown in Fig. 4C, the current signals of thosa-target bacterial
strains were the same as that of blank control. ¢l a remarkable current signal
was observed only in response to the existenBe aéruginosaThis indicated that the

proposed biosensor had a high specificity tow&.dseruginosa

<Figure 4>

3.5.4. Storage stability

The storage stability was studied by measuringctireent signal with the same
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concentration (10 CFU-mL") of P. aeruginosaafter the electrochemical biosensor
was stored at 4°C for 7 days and 14 days. In TaBleompared with the initial current
signal of the biosensor, 98.1% and 83.9% of theecdrsignal was retained after
storage for 7 days and 14 days, respectively (). 18ese results indicated that the

biosensor had acceptable storage stability withdiays of storage at 4°C.

3.6. Analysis of urine samples

To verify the feasibility of the proposed electreatical biosensor in the clinical
setting, it was used to quanti® aeruginosan urine. The urine samples were spiked
with P. aeruginosaat concentrations of 10, 1@nd 18 CFU-mL". Then these urine
samples were quantified by the proposed biosefiberrecovery rates were calculated
as 96.9% to 102.3% with RSD ranging from 3.8% 184 (n = 5), as shown in Table 1.
This indicated that the proposed biosensor offg@stl accuracy for complex matrix

samples and had great potential to ddfe@teruginosan clinical application.

<Table 1>

4. Conclusion

In present study, a novel enzyme-free electroch&miosensor was constructed
to detecP. aeruginosaapidly and sensitively. The present biosensorbesed on the
signal amplification strategy utilizing the hightalytic activity of Cu-ZrMOF and the
high conductivity of Super P and AuNPs. Due to toenbined merits of those
materials, the novel biosensor had a wide deteatémge and a low LOD of 2
CFU-mL* (S/N = 3). Furthermore, quantification®f aeruginosaould be completed
within 120 min. Notably, the biosensor platform tbalso be used to detect other
biological targets, including cells, tumour markensd other bacterial strains, of
course, the specific recognition element of thasgets should be altered consequently.

Certainly, the present method still has its limatas. For example, the storage stability
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of the biosensor needs to be prompted. And theeptesethod is not assembled into a
portable point-of-care testing device for clinicale directly. Further studies aim to
prompt the storage stability by optimizing addiabrparameters, and simplify

biosensor for assembling into a portable device.
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Figure & Table Captions:

Table 1. Recovery test results of the electrochemical bisse for detectingP.
aeruginosa

" Recovery (%) is expressed as the ratio of detdsfEkedP. aeruginosa

Scheme 1. Schematic of the electrochemical detectioR.aderuginosa

Fig. 1. Characterization of the materials: (A) FE-SEM imad Super P. (B) HR-SEM
image of ZrMOF. (C) HR-TEM image of ZrMOF. (D) EO#fattern of Cu-ZrMOF. (E)

Zeta potential of Cu-ZrMOF before and after modityby aptamer and DNA.

Fig. 2. CV and EIS curves during the fabricative procekshe electrochemical
biosensor: (A) Fabricative process of the workitexiode. (B) Curve of CV step by
step. (C) Curve of EIS step by step: (a) bare gtéddtrode, (b) Super P/gold electrode,
(c) AuNPs/Super P/gold electrode, (d) antibody/Asiper P/gold electrode, (e)
BSA/antibody/AuNPs/Super P/gold electrode, () P.

aeruginos@SA/antibody/AuNPs/Super P/gold electrode.

Fig. 3. Investigation of the feasibility of the electroohieal biosensor: (A) CV
current signals of gold electrode with and with8uper P. (B) DPV current signals of
Cu-ZrMOF and Cu-ZrMOF@Aptamer@DNA. (C) DPV currengnals of each step
of electrode modification: (a) Super P/gold eledé&o (b) AuNPs/Super P/gold
electrode, (c) antibody/AuNPs/Super P/gold eledrod (d)
BSA/antibody/AuNPs/Super P/gold electrode, (e) P.
aeruginos@SA/antibody/AuNPs/Super P/gold electrode, (f) nsig probe
(Cu-ZrMOF@Aptamer@DNAJ. aeruginosBSA/antibody/AuNPs/Super P/gold

electrode.
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Fig. 4. Analytical performance of the electrochemical biosor: (A) DPV current
signals of different concentrationsRfaeruginosa(B) Linearity of the current signal
among different concentrations Bf aeruginosa(C) Current signals of the proposed
electrochemical biosensor towards different baatestrains: (a) blank control, (I&.
coli, (c) A. baumannii(d) S. aureus(e) K. pneumoniag(f) P. aeruginosaError bars

=SD (n =5).
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1 Table 1. The recovery test results of the electrochemicasdmsor for detecting.

2 aeruginosa

Sample Spiked P. aeruginosa Detected P. aeruginosa Recovery* (%) RSD (%, n=5)

No. (CFU-mL™) (CFU-mL™
1 10 9.7 96.9 3.8
2 1000 1023 102.3 4.1
3 100000 98800 98.8 4.0

3 "Recovery (%) is expressed as the ratio of detespéa/dP. aeruginosa
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Highlights

1. A biosensor for bacteria was constructed firstly based on synthesized Cu-ZrM OF.

2. Super P and AuNPs were used to improve the detection sensitivity of biosensor

together.

3. Pseudomonas aeruginosa was quantified by present biosensor rapidly and

sensitively.

4. The method provides a platform for detecting other biomarkers.
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