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Introduction

What is a biosensor ?

Analyteto be detected Biological components:

antibodies
enzymes
receptors
nucleic acides

Bioselective layer

Transducer

Transduction :

optical
electrochemical
Fast and specific response acoustic




What are the fields of application?

*Medical:
home tests, fast analyses for biomedical diagnostics

sIndustrial or agricultural field:
guality controls or detection of contamination

*Military applications:
detection of biological agents

Research:
studies of biomolecular interactions




But problems, specific to the QCM devices, remain:

- lack of mass sensitivity for a direct detection: pg range
- to get the good biosensitive film

- flow and micro volume cell for using expensive biospecies

- validation of QCM measurements for non purely elastic layers




About the mass sensitivity:

If acoustic transducers were used...
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according to f,

6 MHz: 12.2 ng cm™
27 MHz (P3): 1.8 ng cm?
50 MHz: 5 pg cm-2

200 MHz: 10 pg cm?

104 MHz: 1ng cm
104 MHz: 0.5 ng cm™




High frequency devices for small mass change

To work at 27 MHz with a BAW resonator included in a miniaturized cell

27 MHz
quartz crystal liquid input

OPA 660 liquid output

large frequency range
high gain

Inner volume:; 50 m




Complete experimental set up
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Method of immobilization

In general onto metal (gold, platinum) but also carbon, silicon dioxide...

Adsorption Covaent grafting

Yovade I'Qj"?‘!iﬂj

Inclusion Assembled layers
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Biosensivite films act as non purely rigid films.
So, the validity of the sauerbrey equation is questionnable during experiments

A viscoelastic model allows to estimate the effect of the viscoelastic parameters
of the film deposited onto the top of the resonator

® Thickness film: 50 A
® Density film: 1200 kg m3
® G'=1.0 10** N m
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Mass estimation error: 10 %




Electroacoustic measurement

electronic and automatic switch

Mass
variation

Network analyzer:
HP4194

Electroacoustic Automatic control:
admittance variation
HPVEE soft
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Alternate measurements of f ... iance
and electroacoustic admittances
(equivalent circuit, modelling...)




b-galactosidase adsorption onto gold

Two main frequencies: Resistance changes
-microbalance
-series

b- galactosidase 100 ng mit

®  Microbalance

+  Series
x  Parallel

| PBS

®

l b- galactosidase 100 ng mi-1

sé3i;

2000 10 20 30
Time/s Time/min

Frequency changes due to enzyme
adsorption are similar




QCM and IMMUNODETECTIONS

Immunodetection with QCM transducers offers large
possibilities due to a direct conversion of the binding

event between the detected biospecies and a selective
layer.

Antigens

Antibodies Freguency

QCM with gold ‘
electrode
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The surface is saturated with Sensitive layer: adsorption of
only BSA (Bovin Serum Albumin) antibodies against SEB
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B Peroxydase

20 pg/ml
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Nothing significant... .
'ng sightt © Direct response

© Detection limit: 101 M
© Response time: min




By changing the SEB concentrations, the microbalance
frequency evolution is plotted:

By selecting a good time, a calibration
curve can be drawn:
b direct detection of an unknown
[SEB]
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k
Y%A ®
Ag+ Ab AgAb

= Y343,

Kg

Kinetic law:

d[Athb] -k, [Ag][Ab] - k, [AgAD]

In term of resonant frequencies:

df
—=k.c(f - f)- k_f
dt a(m ) d

where c is the concentration of free antigens
After solving this differential equation, it comes:

k.cf +k,f
+

aC+kd

(f - f.)exp[- (k,c +kt] - f

f(c,t) =




Sensitive layer is realized by a direct adsorption of the corresponding
antibody (anti-peroxidase) onto the QCM gold electrode.
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In this case by direct fitting of the QCM response:

k K, _
QCM: —2 =110°M" SPR system (Pharmacia): | = = 510°M*
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DNA detection through OCM measurements

To record the transducer signal resulting from the hybridisation between
the probe and the complementary strand in solution called target.

L"ADN [Acide Désoxyribonucléigue) est une molécule farmée
de deux chaines complémentaires :
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Injection of the

Free probe IIIII_.-t-argetDNA
DNA target in contact with the free probe :/
Washing

Regenerating agent

Free probe (initial step)
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- detected species (bacteria): E. Coli et P. Pulida

- identification of the DNA

- making of a synthetic probe with PCR technique

- chemical modification of the DNA branch by a thiol group
- direct chemical grafting of the DNA probe

acZ probe
acZ probe
acZ probe
acZ probe
acZ probe
acZ probe
acZ probe
acl probe
acZ probe
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Difficulties: to keep the activity of the probe after immobilisation




Microbalance working at 10 MHz+cell
Medium of test: Tris-HCI, EDTA and NaCl at 30°C

A

Response to one branch of E.
Coli (A) and P. Putida (B)

Time/min

Performances:
- response time: few minutes
- limit of detection: 10 ng ml*
- calibration curve: 10 ng ml-ta 100 ng ml*




+—e—a 10 ng ml?t

o control
10 15 20 25

Time/min

40 60 80 100

Concentration of target DNA(mg/ml)

Frequency time response changes
due to the binding and for different

target concentration

Saturation response vs concentration
In the range 10-20 min.




Method of immobilisation:
- dithiols carboxyligue groups
- chemical coupling NHS/EDC
- reaction with avidin
- immobilisation of Biot-DNA (1 ng mi?)
- all the steps were driven with the QCM
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Microbalance working at 9 MHz, in situ measurements
Reaction in HEPES/NaCI buffer
Complementary DNA, 0.5 ng ml+
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Response time < 5 min
Efficiency of the DNA reactions estimated:100%




Method of immobilisation:

- Thiols with -OH groups grafted onto the gold electrode

- Dextran (polymer) is attached onto the modified surface

- Avidin chemically grafted in the Dextran with NHS (200 ng ml?)
- Endly, the biotinylated probe is added

Epichlorohydrin
i

AT

Dextran

Bromoacetic ackd
——— e

MHS

EDAC
- Streptavidin

residual reacting sites were blocked with ethanolamine hydrochloride




Microbalance working at 10 MHz (Seiko) included in a cell

Regeneration

Sample
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Frequency changes vs time for the hybridisation of complementary
25-mer DNA oligonucleotides.




Immobilisation method of the probe:
DNA probe is modified with a thiol group

, (a) biotin labeled liposomes

site

. I WMl (b) avidin Au nanoparticle
e~ [V o s e o 2 (c) Avidin alkaline
phosphatase

. }__;;-'l,i,m,phj

(1} 8- CTTTTCTTT TCT TTT GGA TCC GCA AGG CCA GTA ATC AAACG - 3
(la) - CTTTTCTTITTCT TTT AGATCC G A GTAATC AAACG - 3
(2} 5 - HS-{CHy)g- CGT TTG ATT ACT GGC CTT GCG GA




Performances:
Microbalance working at 9 MHz (Seiko)
Detection microbalance with gold nanoparticules

Limit of detection: 101°M

216 2
Time / min

(@) 3 109 M...(d) 10 15 M




