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Challenges for bacteriadetection

?Cellculture isverysensitive and reliablemethodbut time-consumingwith
multiple stepsand numerousamountof skills

?Needto developrapide, sensitive and selectivedetectionfor the control of 
diseaseprogression as it canhelp decidethe course of treatment

?Major issue worldwide: foodbornepathogenbacteria
·E.coliO157:H7
·Salmonella enterica
·Listeria monocytogenes
·S. aureus
·Campylobacterjejuni
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Dendrimersas multi-handledplatform

Haoet al., Anal.Chem. Acta 2019

? PAMAM dendrimer(G4 and G7) for aptamerimmobilization

Wdetectionof E.coliO157:H7

WCharacterisation:
·contact angle
·fluorescence 
·XPS
·IR

PDMS

PDMS PDMS
+ fluo

PDMS-
plasma
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APTMS 
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WHighercapturingrate on PAMA-G7-aptamer
WGood specificityof the dendrimer-aptamersystem
W LOD=102 bact/mL
W Possibilityto regeneratethe capturingsurface by heating
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SERS for sensitive bacteriadetection

? Detectionof Staph. aureus with AuNP-apatmer

Zhou et al., Biosens. Bioelec. 2021

?SERS= Surface-EnhancedRaman Spectroscopy
W fast, sensitive, separation-free and label-free technologyfor analytedetection
W2 types of enhancementdue to nanostructures

·physicaldue to surface plasmonresonance
·chemicaldue to charge transferbetweenmetalsurface and analyte

APTES AuNP
(15nm)

SH-aptamer

Solid-state capture substrate

SEM image

No SERS signal SERS signal
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SERS signal probe
Au@AgNF@4-MBA

Au@AgNF 4-MBA NH2-aptamer

1085

1592

S. aureus

WLOD = 13 cfu/mL
WSpecificityto S. aureus 
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? Detectionof S. typhimuriumwith MNP
W foodbornepathogenfound in raw, uncooked, unwashedfood products
Wcause humangastroenteristisand bloodstreaminfection

Chattopadhyayet al., Anal. Chim. Acta 2019

·SERS signal probes: AuNP@MBA-Aband AuNP@DSNB-Ab

AuNP=31nm

·Capture probe: MNP@PS-PMMA-Ab

41nm 48nm

299nm

140nm

330nm
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LOD= 100 cells/ mL

LOD= 10 cells/ mL

WGood specificityof AuNP@DSNB-Ab
W80% detectionin real samples(food)
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Antibiotic probe for selectivebacteriadetection

?Vancomycin(van) = glycopeptideantibiotic interactingwith D-alanyl-D-alanine
terminus of peptidoglycanextendingthe cellwall of G+ bacteriabut not G- bacteria

Singh et al., Biosens. Bioelec. 2019

?Vancomycin-functionalizedWO3

1µm

20nm

InterDigitatatedgold 
electrode(Au-IDE) 80nm

Kdº1-4µm
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G+ G-

WSelectivedetectionof G+ 
bacteria
WSameresultsin 
physiologicalcondition
W Impedenceallowsto 
discriminatedeadand alive 
cells

?Vancomycin-functionalizedMNP

Wang et al., Anal ChimActa 2022

Van
180nm
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S. aureus

Van-MNP

Biot-IgG

Biot-IgG@S.aureus@Van-MNP

W IgGcombines with ProteinA 
propertiesof the surface of S. aureus

Streptavidin
(SA)

Biot-IgG@S.aureus@Van-MNP

Biot-RCA 
probe

WRCA amplification of detectedS. aureus in juicefruit samples

Phi29 DNA pol
+ dNTP

SYBRGreen
staining

·LOD=3,3x102 CFU/mL

·Mixture 1 = 105 CFU/mLof 
samevolume of non-target
bacteria
·Mixture 2 = 3,3x105 CFU/mLS. 
aureus + 105 CFU/mLnon target
bacteria
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Nanoglycoclusterbaseddiagnostic platform

Priyadarshiet al., Biosens. Bioelec. 2022

? AuNPfunctionalizedwith multivalent glycans
Wcarbohydrate-lectinsinteractions (ConA-mannose; PNA-galactose)
Wmultivalencyenhancesbinding affinity with higherspecifictyand kineticstability

·Amine-terminated
mannose monopod(MM)
·Amine-terminated
Galactose monopode(GM)

·mannose tripod (MT)
·Galactose tripod (GT)

PEG1000-AuNP
PEG5000-AuNP

40nm

20nm

W Lessimmobilizationon PEG1000 
comparedto PEG 5000 due to 
sterichindrance

W BetterAuNPaggregationwith
20nm AuNPand smallerPEG
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?ConAlectin on E. coli
W interaction with mannose
Wkd=34nM with MM; kd=18nM with MT

?PNA lectin on P. aeruginosa
W interaction with galactose
Wkd=37nM with GM; kd=16nM with GT

Fromred color (non 
aggregatedAuNP) to 
purplecolorwhen
bacteriaisdetected
(aggregationof AuNP) 

Detection

No detection

No detection

Detection
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Antimicrobialpeptide (AMP) baseddetection

Wilson et al., Talenta2019

? AMP have low selectivity: active againstviruses, bacteriaand fungi
W Importance of the choiceof the active molecule

? Lowsensitivitycanbe impoveby the combinationwith nanomaterials

? Melittin (MLT) = cationicamphipathicmoleculeof 26aa

WDetectionof contaminatedfood with G+ and G- bacteria: E. coli, 
S. aureus, S. typhimurium

8,5nm


