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Advancements and Applications in the Detection of Bacterial Metabolites

Cui Haishan', Hu Yulin®, Yu Chunmei',
('School of Public Health, * School of Chemistry and Chemical Engineering,

Wu Zenggiang'”

Nantong University, Nantong, 226019)
Abstract Bacterial metabolites, such as alcohols, lipids, enzymes, proteins, etc., are markers of bacterial
growth and interaction between them and environment. Therefore, analysis of bacterial metabolites is crucial for
detecting bacterial infections, antimicrobial susceptibility testing, and identifying spoiled food. This paper explores
analytical methods for detecting bacterial metabolites: chromatography-mass spectrometry, spectroscopy, and
electrochemical analysis. Each method is evaluated based on its advantages and limitations, including its sensitivity,
selectivity, cost, and complexity. Additionally, the challenges associated with detecting bacterial metabolites are
discussed, such as sample preparation, interference from other compounds, and improving limit of detection for
measuring target bacteria. Finally, several solutions are presented for addressing these challenges, such as combining
with nanofluidic technology, and introducing nanoscale materials to enhance sensitivity of analytical method for
bacterial metabolites.
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Fig.1 Schematic illustration of encapsulation of microbial strains in aqueous droplets (a) , capture of droplets in the device

microstructures (b) , selective extraction of droplets with mutant strains (c¢), fermental cultivation of strains (d) , metabolite

analysis by HPLC-MS/MS (e), and the reaction principle of the viability indicator ( f) (o]



- 1462 -

AR 2023 4E 45 86 4 45 12

http ://www. hxtb. org

T 40 i AR 4 0 S8 B IR 25 A W ( POCT) o [A] B
SR JH 60,35 5 12 G ) 5 4 I A B ) A R
T AR B TC A A | I ARV 1
2 kA
2.1 FREERNSHH

G 58 P =0 (SERS) 76 G0 2E P A 5
WA &) Z BN SERS HA PRE
RELTEH TEARIC SO0 A BOR BTz 8 T
A0 A A I A T A R R R Y
nmol/L ~mmol/L">" , AR W BE A ARG N BR D S
T L 7E wmol/L B 9, LAY Sz 20l 3% AP
A 25 RS OL T, 10° AN A G F AL
ATV — AR a7 HARG T 2 B0 A AR
TC 1 52 BT A TR AR A DR O R
WaR R 25 R m A R . — M, AT LU
SUR/SE SR YN EEN A2 /NN N 51 DR S Sy
L4 SERS AU R B E AR IR . 5] 40, Nguyen
A5 OV 3 b A A Oy Tk 4 A KORE T ) B R T
SERS W5 5, 72 7K P A 7 vk I 3] 1 i & fli 52
i T B TR AR ) P 8, A DU BR ik
#| 100pg/mL, Guo L 137 g 4ol ok B ( AuNS) 1t
AU U B T — bR TR R 8
SRR RS 0T A TR P A A e i SR A i BR AR
Z 8. Tnmol/L, X Flt SERS #3114 G DR 3 Wa & &
GRUE TN SRR R 7/ IR C s 2t = RNV . A=

Kelly 275 % Au I VEE 58 A 0, 38 18 SERS Rk
b AG I 3] 240 ) A ) —— WY TR 4R
b — R B PR PR 55 R I A0 R 1 R . AR
T, 3 ot 5t 46 i AE o 389 58 A0 BT A9 A L8
AR LA | Sunho AU T — R R 4R 5L 3D
SERS JEJiE, B He G DU 1 2 45 5 i T A A i
WK R . R 2 iR BRI oK B 3R K Al
PUIAE RO e 6% 43 3k 8 s DL HEBR K 23 7, i
T EFEVE RS M R L& AR5 . i T A0
WA R SR, AR E AL B R E
WA, v RE S R EOCIE R EE &
WA 6 BE XA i R AT AL BERD ¥ AL Ul TS e
Lidia %7 % 3 U6 4k 7 — Bh 300 95 S 43 i
(SLM) Z e & Jf6 L 5 SERS M 25 &, &
TR FE B O AR ) X A R (pHCA) .
Zhang % HE ST T —FhAE AR UK AT SERS 1 #E
LN B BOR AR R G, TR A B AT AR A
Pyl B FNdT A= R BURE 9 B A7 SERS Rl itk Uy
AR R T A0 TR S SR ], A, Wang et
16 240 B 5 7% 0 v i A AT A 9 T R R 4R Al e AR
YR SERS A5 2 I T M D 40 7 2E K Al R E
i, UG s 5 B e 1 12 W B IR TR WA . AR
FFH SERS A5 0 20 1 A 365 91 BA 2 Fh L3, (H 4D
oy 2 BV, O HL5 R 3036 10 448 0K 43 )8 A
BEEH 5 SERS 15 5, BLAG I (% 5 30 1M A Ae e
RPN

D v T t -
AuNP v;,u‘( ryptone :s :?l J.
Sy & - (; . Soytone
1 RSE & 7" g
T S g 1z i
Hydrogel skin TR i %
« 7
_ \7 2 T
/:’°;°nm) ? x 5 Diffusion, - |
¥ e
...............
! -
Au NP
. Growth of Au grain
b 40 9 99 4 by electrodeposition
0,0,0,0 y P
®
AuCl;y  Pyocyanin (PCN) Electric Field On

B2 #HEKERKFEMIDERE—RVRESENATER, EPKkERXEFFREOAR(FREABEMAZED) L FEEHE PCN;
Au B KB 3D KBNS R B B = E H,PCN K TE 3D KERERPERKE Au SR E
B, PCN MR S5 S % SERS AT AZEARF#>
Fig.2 Schematic showing the one-pot Au electrodeposition onto the hydrogel-encapsulated 3D electrode, where the hydrogel
skin rejects proteins ( tryptone and soytone) while allowing the selective infusion of PCN. Au grains grow into the free space
in the 3D hydrogel mesh. PCN is trapped in the interstitial voids among growing Au nanostructures in the 3D hydrogel matrix.

The Raman signal of PCN is amplified by SERS without interruption by proteins:”]
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Fig.3 Architecture and scheme of the hierarchically organized BCP@ NEA electrochemical SERS sensor. (A) Phenazine

biosynthetic pathway in P. aeruginosa. PCA, phenazine-1-carboxylic acid; 1-OHP, 1-hydroxyphenazine; 5-MCA,

5-methylphenazine-1-carboxylic acid; PCN, phenazine-1-carboxamide; and PYO, pyocyanin. Phenazine-modifying genes for

the conversion reactions are labelled along with arrows. (B) Schematic illustration of the electrochemical SERS sensor with BCP

gate closed at pH 7.0. (C) Schematic illustration of the electrochemical SERS sensor with BCP gate open at pH 4.5

for the permselective transport and detection of negatively charged molecules by SWV and SERS !
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