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• Food industry affected by pathogen contamination : Campylobacter, 
Salmonella spp E. coli, L. monocytogenes, Yersinia enterocolitica & 
pseudotuberculosis

• European Standards : « 25 g of cheese (250 mL) or milk matrix must be free of pathogenic bacteria » [1]

[1] COMMISSION REGULATION (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foodstuffs, Official Journal of the European Union, Nov. 15, 2005.

• Existing methods (PCR or ELISA) :

→ Very long waiting times for results (up to 3-4 days)
→ Analysis = not the entire 250 mL sample

Objective : Significantly reduce the time to 
obtain the first negative result to 1.5 days

Decrease of limit
of detection

Sample
concentration

Development & optimization of 
the main steps of the process

CONTEXT
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INCREASE TARGETS CONCENTRATION IN FINAL SAMPLE

[2] Z. Li, J. Ruan, and X. Zhuang, “Effective capture of circulating tumor cells from an S180-bearing mouse model using electrically charged magnetic nanoparticles,” J. Nanobiotechnology, vol. 17, no. 1, p. 59, Dec. 2019, doi:

10.1186/s12951-019-0491-1..

Concentration step

THE PROJECT
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Detection step

DECREASE OF LIMIT OF DETECTION FOR BACTERIA

[3] Liu et al., QCM immunosensor with nanoparticle amplification for detection of Escherichia coli O157:H7, Sens. & Instrumen. Food Qual. (2007) 1:161–168

Use of Quartz Crystal Microbalance (QCM) for detection : gravimetric analysis, measuring frequency shift in real time

Improving the detection method using gold magnetic nanoparticles to weigh down bacteria

THE PROJECT

ρbacteria = 1,4 g/cm3 < ρFe3O4= 5,7 g/cm3 < ρAu = 19,7 g/cm3 mbacteria < mB-AuMNPs
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DEVELOPMENT OF BIOINTERFACES 
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• Flat surfaces
• Nanoparticles



DEVELOPMENT OF BIONTERFACE
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Surfaces functionalization – Flat surfaces

2 strategies of functionalization for flat surfaces: use of 2 different Self-Assembled Monolayers (SAM) to immobilize monoclonal anti-
Listeria monocytogenes P6007 antibody

Activated thiols
Thiols A

Thiols biotin
Thiols B
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Biotin

Streptavidin

P6007 antibody

BSA

Gold deposition

Gold deposition Thiols biotin Streptavidin Biotinylated antibodies BSA passivation

BSA passivationAntibodiesThiols MUA/MCH 25/75 EDC/NHS activation
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Thiols A

Thiols B

50 µm

50 µm

50 µm 50 µm

DEVELOPMENT OF BIONTERFACE

Surfaces functionalization – XPS characterization

Au4f

Binding Energy (eV)

C1s N1s

Binding Energy (eV)Binding Energy (eV)

Gold
Thiols-COOH

Antibodies
BSA

Gold
Thiols-biotin
Streptavidin

Antibodies
BSA

Au4f

Binding Energy (eV)

C1s
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Thiols A

Thiols B

50 µm

50 µm
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DEVELOPMENT OF BIONTERFACE

Surfaces functionalization – XPS characterization

Au4f

Binding Energy (eV)

C1s N1s

Binding Energy (eV)Binding Energy (eV)

Gold
Thiols-COOH

Antibodies
BSA

Gold
Thiols-biotin
Streptavidin

Antibodies
BSA

Au4f

Binding Energy (eV)

C1s

Successful immobilisation of antibodies on flat 
surfaces
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DEVELOPMENT OF BIONTERFACE

Surfaces functionalization – Nanoparticles

EDC/NHS activation Antibodies graftingCOOH coated AuMNPs

-COOH coated, spherical, homogeneous gold magnetic 200nm nanoparticles from Nanocomposix® 
were functionnalized with monoclonal anti-Listeria monocytogenes P6007 antibody

Successful immobilisation of 
antibodies on nanoparticles

Thiols A-like 
strategy
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BACTERIA CAPTURE
• Static conditions
• Dynamic conditions
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BACTERIA CAPTURE

Flat gold surfaces – Static conditions (proof of concept)

Choice of bacteria :
• L. monocytogenes : target bacterium
• L. innocua : non-target, species control bacterium
• E. coli : non-target, other species control

Inoculum : 107 CFU/mL suspension, in PBS

Number of samples : 2 surfaces, 2 independant tests
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BACTERIA CAPTURE

E. coliL. innocuaL. monocytogenes

Thiols A

Thiols B

50 µm

50 µm

50 µm

50 µm

50 µm

50 µm

Flat gold surfaces – Static conditions (proof of concept)
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Specific capture of the target by both biointerface : thiols biotin SAM is the best for static capture 
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Significant differences of trapping between strains and depending on the SAM used

→ Specific capture of the target for both biointerface
→ Thiols biotin SAM allows specific capture of target, decreasing non-specific capture of other bacteria

BACTERIA CAPTURE

Flat gold surfaces – Static conditions (proof of concept)

Relative specificity of 
L. monocytogenes 

Thiols MUA/MCH Thiols biotin

L. innocua 76.0% 98.9%

E. coli 76.7% 96.5%

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 % = 1 −
𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑁𝑡𝑎𝑟𝑔𝑒𝑡

× 100

Thiols A
Thiols B
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Dynamic capture of L. monocytogenes (107 CFU/mL) on 10 MHz functionalized quartz with thiols MUA/MCH SAM, 
measure of frequency variation with QCM device.
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BACTERIA CAPTURE

Flat gold surfaces – Dynamic conditions, target bacterium

∆fmean (3 captures) ≈ 4.1 +/- 0.12 Hz

Thiols A

50 µm

L. monocytogenes

Capture of the target in dynamic conditions on thiols A

PBS rinsing
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Dynamic capture of L. monocytogenes (107 CFU/mL) on 10 MHz functionalized quartz with thiols biotin SAM, measure of 
frequency variation with QCM device.
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BACTERIA CAPTURE

Flat gold surfaces – Dynamic conditions, target bacterium

∆fmean (3 captures) ≈ 7.6 +/- 1.63 Hz
Thiols B

L. monocytogenes
PBS rinsing

50 µm

Capture of the target in dynamic conditions on thiols B

∆f ≈ 12 Hz
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Dynamic capture of E. coli (107 CFU/mL) on 10 MHz functionalized quartz with both SAM, measure of frequency variation 
with QSENSE device.
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BACTERIA CAPTURE

Flat gold surfaces – Dynamic conditions, negative control (specificity)

Thiols B

E. coli

Thiols A

PBS rinsing E. coli PBS rinsing

Specificity of biointerfaces in dynamic conditions : no measured signal for negative control
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BACTERIA CAPTURE

Flat gold surfaces – Dynamic conditions

Dynamic capture on 10 MHz functionalized quartz for L. monocytogenes shows a negative shift of frequency but 
for a concentrated suspension of bacteria.

Real conditions : 104 CFU/mL bacteria suspension (after microbiological enrichment step)

L. monocytogenes
PBS rinsing

Bacteria capture at low concentration is not detected by QCM.
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COMPLEXES FORMATION

Bacteria capture by nanoparticles

SEM observation of complexes
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COMPLEXES CAPTURE

Bacteria capture by nanoparticles and detection with QCM

L. monocytogenes + 

AuMNPs
(from 10E5 CFU/mL suspension)

DPBS

L. monocytogenes + 

AuMNPs
(from 10E7 CFU/mL suspension)

Dynamic capture on 10 MHz functionalized quartz with thiol-biotin SAM, measure of frequency variation during
complexes sample injection.

Change in slope at the entrance of the 
complexes in the chamber

→ Effect of complexes in signal

Rise in the signal at the moment of 
rinsing

Big frequency shift expected
with bigger mass captured
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COMPLEXES CAPTURE

Bacteria capture by nanoparticles and detection with QCM

Dynamic capture on 10 MHz functionalized quartz with thiol-biotin SAM, measure of frequency variation during
complexes sample injection.

SEM observations

Presence of captured complexes on the quartz
Groups of bacteria + AuMNPs
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Success of bacteria-AuMNPs complexes capture in dynamic

conditions BUT not measurable signal yet

CONCLUSIONS & OUTLOOKS
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2 biointerfaces : 
• Activated thiols
• Thiols biotin

2 different conditions 
• Static conditions (proof of concept)
• Dynamic conditions (detection)

→ Validation of thiols biotin biointerface with 98.9% specificity
→ Higher measured signal with QCM (mean 7.6 Hz) 

1

2

How to optimize B-AuMNPs complexes capture to obtain a 
signal that can be measured by QCM ?
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Thank you for your attention.
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