Advances in Analytical Chemistry 73} #T/L 3%, 2022, 12(4), 317-326 Hans X
Published Online November 2022 in Hans. http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2022.124038

A W R K R A

& F, EEW, AEK, 2 Y, RERY
CRE R AL AR, 9 Ml
PRI EA A TR, LA R

ks H . 20224F10H17H ;. A B 20227F1137H; KA H . 20224F11H 18H

R

B RGR A DGRBS —, T0H B THA Rl 3O 4 T 24 1R B S th Bk
PE. BiRR—ME. REER, SHFEFRARRNrE @l TR EEFEER L. Bk
FARAS AR BFEE. BT B RMBEENERBEERZRE, B HEET RN AT
%, AEWLESSHARESAR. PARERERREBHATERELNIG . REREHREE . %5
REBEMNBMZZEYERE . HURESF AR TE S =7 T 405 F A6 A T R AR R kR AT
TRGHR

X 5in
HERN, BT, RS, BURESH, HRE

Electrochemical-Based Detection
of Bacteria

Yu Hual, Haishan Cui?, Yulin Hu?, Yang Liu!*, Zengqiang Wul*
'School of Public Health, Nantong University, Nantong Jiangsu

*School of Chemistry and Chemical Engineering, Nantong University, Nantong Jiangsu

Received: Oct. 17"’, 2022; accepted: Nov. 7"’, 2022; published: Nov. 18"’, 2022

Abstract

Bacterial infection has been regarded as one of main challenges in public health field. However,
beyond infection, antibiotic resistance of bacteria results in medical inefficiency and chronic in-
fections due to misusing in antimicrobial drugs. Therefore, developing a bacterial identification
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that could rapidly distinguish different bacterial species with high sensitivity and selectivity
guides the treatment of bacterial infection. Electrochemical-based bacterial detection holds con-
siderable promise for low-cost monitoring bacterial growth and analyzing bacterial species with
miniaturization devices in complex samples. In this review, recent advances in electrochemi-
cal-based bacterial detections are discussed from electrochemical sensors, microfluidic method,
and nanofluidic method and debated future trends of electrochemical-based methods.
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1. 518

BRG] ZAAE T MRS 2, SIsH)2, XEME R ARETLEN. EEGUHZHEY
EATINSAE B T EAMI A 2R R BB, SEONSA BUR FRAB I m e, A3t E
AMIER T TR R, BHEA T 2 0 NS T A RG] [2] [3]. R BAAVEZ TSN T Ak, H
XEETPVEATIMRIS TAE R IIE IR HAR, Sz @A HASE G I 4] [5] [6]. Huk, SoRMjE. PRid,
{845 AN 5237 B IR ) A2 TSR CLRo H R0 G DI AR A R A 2 H A, HH 52 4 A 00 W P K B
o BEHE BT IBRI R E, RS EOR CAE 0 R I 7 T S T AR R BBa[7] [8] [9]. R AL AG
St T Shs = o M AT A L R CRe e P IEFRIEA R IBE), I A RILAI (POC) i 7 AR A A R i 52
FRIRE Ao AT E 4 B 1) 00 5 ke 00 7 T4 380 )32 R F10] [11]e FEARLRAR T, FRATT R ZEM ALY
B DR A TGRS S = TN 4 R A AL 2 A R SRR (3 e EAT T R GBI AT e B

2. BT BEAFEYERB[HAEEN

A 57 A 4% Sk 5 (Electrochemical  Biosensors)idid F il b (0 AR #0800 23 -4 3K H bR oA, ki 4
P AW 2 TR A 0 A A A i 2 e R PR A FBLRL . PELBUAE 5, AR I 00 38 1 A 5 R AR ok e B H ARy
e FE[12] 0 PR AR A Bt DS FG vo R« (RS . PR L 48811 15 O S8 A R 4 R ARSI 7 T A
BTz BN FI[13] [14] [15] [16]. —AORE B A5 S N 2R, Ky Ak 22 W 7 ik 2 BT A s
TR AL S T [17]

2.1. a4k

BEL 7 A A 6t H R 2 T P R A A P o R A R, B AT i A0 B 5 R A R T )R 3 TRV AH
VB FH 5 FEUAR 3R T 14 T 1 3 SR SE I A R A I« LA AN TR A RS S TR A icy . o bRod R B e,
VT HeESRAG R 7z M [18] [19] [20] [21]. HETRHBTA BRI EE, BHBTA TR LA AR, —K2
BT AR T A7 E A I SR S BRIV R B B b7 o — 2 2 T AR R T 0L FL J2 AR AL B BEL L 4T
ik 1 Fios, ArazNorouzDizaji S5[2210F A 13 v B 2 IE 1 (4 22 W BNV < H AR (SPGES) R ALY “ P
FARIRAE” , FH TR A R A A T 2 (R 5 oy 2 2R R I =2 DB B PR S MRS, R A
b 2 BT (E1S) 4 3 (748 %) Bk I (Staphylococcus aureus). K715 7 # (Escherichia coli) FITHL G 43 A T B
(Mycolicibacterium smegmatis)i#f 1T T 421 . EIS 25 BoR, 22 [RPHMEM /7 5 R UK & R & BR A 10
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SPGE-Van V&5 L AR RESy, i /3 vk 8 2 KA 0 FOEEYG 70 AT B8 (23 1 o 22 DY 1 v Rt
BT ) A B R S5 SR . ORGSR R RV 2 (10~108 CRU/MIL) 4 8 €0, % % BR T 2K 2% 22 42 L (0 4
SRS R . K R E SR 2 5 9 1008 A1 10%8! CFU/mL. b4, Jiao [2313RRR4LHI1E 7 —FhpH
PUA YL 1 T A RS A 5 P 00 2 B S Ml FF 1, 1260 1 A0 T R 3R AR o 1) 2 W 2 o A 1 ) 4 1
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Figure 1. (A) Schematic illustration of the interaction between SPGE-Van with different bacteria. (B) Representative EIS
spectrums related to different bacteria and the Randles equivalent circuit used for data fitting. (C) Rct signal changes ac-
cording to the bacteria. Reprinted with permission from ref [22]. Copyright 2021 Clearance Center

[ 1. (A) SPGE-Van 5REHWEHEEANREE. (B) FEMEMNRFME EIS R ZEREYNHBHITHEINE.
(C) NEILMERY Ret 55 E[22]

2.2. BiRSTHIE

LA A TR R T — A R . PRI AR A% IS T A TN A R SR B SR AR i S 1 5
IR AR A, R A5 5 SR B S 2R 145G &R [21] [24] [25] [26]. @lE] 2 Bos, BT KIGATE
5 P AR AR THT PO 42 5 SRR UG AR B P A R T B2 B, T F O N B, A AR AN A S Y
FRANKIAT T RIS PRI B2 B0 A LA -0 S 0 1 PR BE [ 2710 Jiiang S5 [281T A — T 2k T 22 [ BT ¢
ARET— R, FIZE 20 KR 2500 3 52 4 22 IR PR R ANEE IR 22 BE(LPS) S R B AS 5 . 45 SRR,
Rt vb 1] IR LIS AL % (¥ LPS A0 AE sy 5 8, 1207 ¥2 R HE PR A 3.5 % 107° ng/mL, 2R MG Y
FElJy 1 x 107 2~3 ng/mL. HT, FUALAE I SRR BRI THE I, 2 e 2%t HARR I A 1 T4,
DR B 75 A AR R A — 2D P
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Figure 2. Schematic diagram of E. coli detection by collision event on ultramicroelectrode (UME). Reprinted with permis-
sion from ref [27]. Copyright 2018 Clearance Center

[ 2. ETBRMEUME)HEREHENXETERREE[27]

2.3. BT

BT IR A ALK M AR O AT B . AL R ST d N IR T R R AR E 1Y
Z L RS — A B AL B 20 M09 B AR AL R 7S FR AR AL AR . LIRS B Dl L 45, 200 REBUE &
BRAFIIE . Yo A /i [29] [30] [31]. Wil 3 Frar, Enguang [32]3R i 1 —Fh— P I A I 22 R Rl
LA (SPE), M FH 011 (4[] PR AT AN ARORE ARSI RE 0, G T IREHIR IS MR RIS TN, 2011 45 BT

BRI 256 RT DA R BH LB AR B R 2458 2% 3 T A8 B R 1 R A i b, M P~ AR AL AR A . % TAE DAXT 4
08 2 BR B A I 7K P RT A 10 CFU/mI.
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Figure 3. (A) lllustration of the potentiometric assay for bacterial cells based on the MBs-peptide. (B) Photograph of the setup
for potentiometric detection. The screen-printed electrodes include working electrodes (WE, acting as indicator electrodes for
the potentiometric assay) and a reference electrode (RE). (C) Illustration of the response mechanism of MB-peptide on the po-
lymeric membrane ion-sensitive. Reprinted with permission from ref. [32]. Copyright 2021 Clearance Center

3. (A) ETF MBs-BkHYZHEE LRAEE LN E RIEE[32]. (B) AN ERE . £MENRIEREIET/ERR(WE,
1AL E B TREEAR) FIS EL AR (RE) . (C) MB RA7E BB & 4005 55 T SU= B AR L B M R #7138
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3. ETRURES AR

ITEEAESR, RS A B (Microchip) DAL ME . /NG, B2k, BIEERIL 52 RS &
SR 20 ARSI S F 1 5K B T2 [33] [34] [35]. SALGE i AH L, Sinids i s AR 34 2 Jo M el i F2 S A Bl
AETRFREEARALL, WA KB MR RO T A, S A R BB [36] . SiAh, RESNTRARER. L.
Sy BRI, AR AT EE R B AR S o, SR TR [33]. FIR, HEREAR SRS A
gh4, AT IR PR AR BRI [37] [38]0 BRAE, — RSB e & B R T4 g Al o 4,
BT i A 2E R4 DNA ARIERER TR, FT I T TR ATIN[39]; 5 T S e R 4 K ks 55 iR iy 45
Ay R AL S BRSSO 42 T 5 [40]s LA K Bk 2 BT 5 A2 4 FLR R 51 (IDE 1)) 4%
A TR BT TR E AR G [41]. WK 4 fow, Bkl & momis e vk kas[42], RA
OYE . B AR RS 520 BRI SR A FE VD 111 (Salmonella typhimurium) o 4525 455 F 25 A6 4 R R P 49 K Sk
(MNPs)IEILSERIZE - MR KRG S I 1T IR A R PR (MABS) 25 & TR L5 % MNPs, 54y
I'TIRE 5 MNPs JE R BELE Ak, R AR5 B R 72 RE dlvb 43 B B MNP - 2058 5 S V) (REVEA 1R
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Figure 4. The principle of the proposed biosensor based on immunomagnetic separation, enzymatic catalysis and electrical sig-
nal-off for detection of Salmonella typhimurium. Reprinted with permission from ref. [42]. Copyright 2019 Clearance Center

E 4. BT REHSSE. BECNBRESXANRGEDIEREMERBRNIRIE42]

Ra, MAPUDTTIRE 2 50 B 5114 (PAbs) A S A 20 M2 1 1Y) 2R 4 20 Ik (PSs) 55 A 240 14 s 2 T B
MNP - 4H5 - PS - i S LA B R SIS AR), IR HE AR KB T, i s R 3k
wa, ERMEPIEALAACE, ERE LA AR R, B WU, AT
ﬁﬁﬁbuﬁ%ﬁﬂﬁéhﬁ‘] HUE SR AR, I IEE I & R AR E HARN R IR L . e 2R 1F T, 1%
SAENEAE 2 h WKL AR S 33 CRU/ML 9D TR - 1Ak, Dastider % N[43]4 H 17— FhfRlfitdz f% /K
%%ﬁ TR AP TT IR, 1A% AR 1y 8 B SR v R ARSI Rt 405 RO T ER BT, g B
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e %

SLREGID I TR AR ] € 72 AR RS THT, AT SR mksn ) B 05 ZE v T B R Sk, 9 FH BELE 20 B A 2 9
SARIRIR I NAE 5 o 1 AEVRIRAS R TE 3 /NI N SEBUE VERE B, EFRATME PR, AR, &
TR A R A I 7 VAT SR B A R [44] . a0, TERRARIEIE BRI AL AR T B MATR BRE
a TR RS . VAR E M DT AT Re B BRERG . hAh, ERREESES A RS RO AR o
FHA YK E[45] [46].

4. BTHREERAE RN

YN K FLIE 1 LA 4y 44K L (nanopore) A1 4 K i i& (nanochannel) B R . 40K FL— % & 8 fLA27E 1~100
nm, 3 HALARTH A SKERILE, mx TR EZ K TAAARILIE, — R vgKiEE. —J7m,
YK IETE HA R IR 7 0 505 5 MORTIRE: 55— J7 1, gAK@ RO RIS H A SRR A 22 R U
RE. FIHYKIEE LR e, B EBEMES S G EEAFEYE. 55 8. HRAMEMRK
BELEA A, R 4 A 5 K T EL[47] [48] [49]. Escosura-Mufiz Z5[50]32 H! T —FhAl 9k 2 LA
A I A < € 1 26T R R 20 ) 5 R 1B W B IR B (HY AL) (W] 5). i 713 T HiiR-HYAL 4
PGV RG22 LT K TE , AT 5162 i FEIA R A e 3 AT I, A FRAIC 2 64 UI/mL (17.3 U/mg)
HYAL. Ub4h, Yi Z[514H T —F B A B E R 9K 2 fLKE R, EFRATAAE S b e, nf L7E 4
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Figure 5. (A) Scheme illustrating the bacteria culture on the nanoporous membranes and the continuous capturing of se-
creted HYAL by the antibodies inside the nanochannels. (B) Voltammograms corresponding to three different cultures of P.
aeruginosa and of S. aureus. Bacterial concentration at ODggo = 0.1. Incubation time: 24 h. (C) Analytical signals obtained
for S. aureus cultures before and after treatment with anti-infective RNAIII-inhibiting peptide (RIP, YSPWTNF-NH2). Re-
printed with permission from ref. [50]. Copyright 2019 American Chemical Society

[E 5. (A) BEANKSILE EAIEFFRIPRKBERNTIFESIHR WA HYAL IR ERIEE. (B) MMERRE
MEMEHRBHIEKREA=MIRERINARRZE. BEKETE ODeyp = 0.1. FFFRTE 24 h. (C) FLREFIMFIAK(RIP,
YSPWTNF-NH2);&7T HI /G € & & S EKEIE IR 5 {5 S [50]
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