


Enzyme Linked Immuno-Sorbent
Assay (ELISA)

Used  for food and 

clinical  analysis 





⚫ Recognise and bind to molecules 

(antigens) on foreign particles, 

marking them for destruction by T-

lymphocytes.

⚫ Each antigen may generate 

several antibodies for different sites 

(epitopes) on antigen.

Antibodies
⚫ Proteins secreted by B-lymphocytes (type of 

white blood cell), in vertebrates.
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schemi di  immunodosaggi  





Polyclonal antibodies production 



Monoclonal antibodies Recombinant antibodies 



Enzyme Linked Immuno-Sorbent Assay

Pab have wider analytical range    sensitivity depends on Kaff





ELISA STEPS









❖ Rivelazione elettrochimica per immunosensori:

Voltammetria 
Differenziale a impulsi 

(DPV)

Cronoamperometria

❖ Enzimi  e relativi substrati:

1-naftil fosfato

Fosfatasi alcalina Perossidasi da rafano

•TetrametilBenzidina + H2O2

•[K4Fe(CN)6] + H2O2



E= const.

2= 60 ms

Ep= 5-100 mV
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electrochemical detection: 

chronoamperometry and differential pulse voltammetry (DPV) :
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Competition curve parameters Linear regression

a

(A or nA)

b 

(nA.ng.ml-1)

c

(ng.ml-1)

d

(A or nA)

ic spettr 1.220  0.053 1.40  0.50 0.80  0.22 0.129  0.077 f (x) = 49.3 ( 0.8) – 57.5 ( 0.1) x

[r = 0.991]

ic amp. 6019  118 0.90  0.22 0.93  0.10 176  30 f (x) = 52.5 ( 0.4) – 43.7 ( 0.5) x

[r = 0.994]

dc spettr 1.392  0.061 2.17  0.15 0.80  0.14 0.132  0.071 f (x) = 47.4 ( 0.7) – 86.0 ( 0.3) x

[r = 0.993]

dc amp. 707  56 1.10  0.10 0.35  0.04 16  13 f (x) = 34.9 ( 0.6) – 52.2 ( 0.9) x

[r = 0.992]

f(x) = (a – d)/[1 + (x/c)b] + d

Immunoassay Working Range

(ng/ml)

L.O.D.

(Blank – 3 s)

(ng/ml)

ic spettr 0.20 – 2.5 0.150

ic amp. 0.10 – 7.5 0.120

dc spettr 0.10 – 10 0.080

dc amp. 0.05 – 2.5 0.060



Procedura immunosensore:

✓Pre-coating: 6 l di soluzione di
anti IgG di coniglio (4° C
overnight)

✓Bloccaggio: 6 l di soluzione 1 %
di alcool polivinilico (30 min)

✓Coating: 6 l di anti-OTA (1 h)

✓Competizione: 6 l di OTA-AP +
standard/campione (30 min)

✓Rivelazione: 100 l di 5 mg/ml 1-
Naftilfosfato (2 min) + DPV

Lavaggi: 150 l tampone fosfato
pH 7.4

Effetto del solvente di
estrazione

Attività di un elettrodo
modificato con IgG-ALP dopo
incubazione per 30 min con
soluzioni 1:9 - 9:1 (1:1 in DPBS)
acetonitrile:acqua → 95-108%

Sensibilità della curva di

calibrazione ~ 50%



Parameters
0.1 PBS Buffer  ● ACN:H2O (6:4) ▲ Wheat Extract (blank) ■

a ( nA) 707 (± 56) 260 (± 12) 408 (± 72)

b (nA.ng.ml-1) 1.1 (± 0.1) 0.62 (± 0.03) 0.8 (± 0.1)

c (I50) (ng.ml-1) 0.35 (± 0.04) 0.32 (± 0.02) 0.20 (± 0.03)

d (nA) 16 (± 13) 24 (± 8) 13 (± 15)

w.r. (ng.ml-1) 0.05 – 2.5 0.02 – 5.0 0.05 – 2.5

L.O.D. (ng.ml-1) 0.06 0.015 0.05

Lin. Reg. 30.9 (± 0.6) – 52.2 (± 0.9) x 42.3 (± 0.3) – 25.4 (± 0.6) x 23.5 (± 0.1) – 41.1 (± 0.5) x
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MRL = 3 ng/g

I50 = 1.6 ng/g



Biacore





SPR Biosensors







Surface plasmon resonance (SPR) arises when light is reflected under certain

conditions from a conducting film at the interface between two media of different

refractive index. the media are the sample and the glass of the sensor chip, and the

conducting film is a thin layer of gold on the chip surface. SPR causes a reduction

in the intensity of reflected light at a specific angle of reflection. This angle varies

with the refractive index close to the surface on the side opposite from the

reflected light.

When molecules in the sample bind to the sensor surface, the concentration and 

therefore the refractive index at the surface changes and an SPR response is 

detected. Plotting the response against time during the course of an interaction 

provides a quantitative measure of the progress of the interaction. This plot is 

called a sensorgram.

What Biacore actually measures is the angle of minimum reflected light intensity. 

The light is not absorbed by the sample: instead the light energy is dissipated 

through SPR in the gold film. Thus the light used to detect interaction processes 

never enters the sample.

SPR response values are expressed in resonance units (RU). One RU represents a 

change of 0.0001° in the angle of the intensity minimum. For most proteins, this is 

roughly equivalent to a change in concentration of about 1 pg/mm2 on the sensor 

surface. The exact conversion factor between RU and surface concentration 

depends on properties of the sensor surface and the nature of the molecule 

responsible for the concentration change.

Principio della SPR



Immobilizzazione di biomolecole  su oro













Sensorgram



A label-free fiber optic SPR biosensor for specific detection of C-reactive protein
Wenjia Wang, Zhigang Mai, Yuzhi Chen, Jiaqi Wang, Liang Li, Qingning Su, Xuejin Li
Xueming Hong
Scientific Reportsvolume 7, Article number: 16904 (2017)



Integrated optical waveguide-based fluorescent immunosensor for fast and 
sensitive detection of microcystin-LR in lakes: Optimization and Analysis Lanhua 
Liu, Xiaohong Zhou, James S. Wilkinson, Ping Hua, Baodong Song, Hanchang 
Shi
Scientific Reportsvolume 7, Article number: 3655 (2017)



Biosensing with optical fiber 

gratings

Francesco Chiavaioli,Francesco 

Baldini,Sara Tombelli, Cosimo 

Trono, Ambra Giannetti

Published Online: 2017-06-

07 | DOI: https://doi.org/10.1515/nano

ph-2016-0178

https://doi.org/10.1515/nanoph-2016-0178




Lateral flow immunoassays





Smartphone detection
of E.coli in water



Miscoscopio
basato su smart
detection di 
virus  



Lettore ELISA adattabile a Smartphone



Piezoelectric Biosensors

quartz

gold

14 mm

7 mm

well

solution
quartz

o-ring



Sensori piezoelettrici 
usati per tutti i biosensori di affinità 

e in fase gassosa

The standard QCM measures

the mass of a material

deposited on a quartz crystal

surface as a linear function of

a change in the oscillating

crystal resonant frequency

QCM-Mass 

Relationship

The mass-loading frequency effects of the 

transducer are based upon Sauerbrey’s equation

14 mm

8 mm

quartz

gold



DNA electrochemical biosensors

Electrochemical transducer

DNA layer

Hybridisation Intercalation

detection

Direct DNA 
electrochemistry

Use of an electroactive 
tracer

detection

Direct DNA 
Electrochemistry

e.g. reduction of guanine 
oxidation peak
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Electrochemical transducer

DNA layer

Hybridisation:

Molecular diagnostic application:
microorganism
gene single-point mutation
species identification
GMO

Intercalation

Antitumoral drugs 

Genotoxic compounds:
stable DNA complex
adduct formation

DNA electrochemical biosensors application



Obiettivo

Ottimizzare una procedura di 
monitoraggio rapido basata 

sull’ utilizzo di sensori elettrochimici a DNA per 
rivelare   

la presenza di ceppi potenzialmente tossinogenici 
di Fusarium culmorum
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DNA from Fusarium culmorum
Aim:

• to develop a DNA electrochemical biosensor able to specifically detect specific

sequences of Fusarium Culmorum in PCR amplified samples.

Sensing principle: 

• direct electrochemical detection of guanine bases upon hybridisation of a guanine free

probe. 

guanine free probe

HYBRIDISATION

ELECTROCHEMICAL SIGNAL

mV

0.1 0.5 1.0

mV

0.1 0.5 1.0

Guanine oxidation peak



GACATGAGTCTCTATGGAAAGAAGATTTATATTGAGACTCCTGTGCAGAGATGGGTTG

AAGTGACTGTTGTGGACTCAACCGATGGTGGTATTGATGAGAACTATTTAGACTTGTCT

GTGGCTGCTTTCAAGGTTCTTGCTAGGGTTGAGGATGGCGTTTCGCAGATTACTTGGAA

CTACATGTAGGCTTGTCGTGTCTGAAGCTCTGTTAAGTTTCCAGAGTAAAGCTGATAGC

AGTATTAAATCATACATATGAAAAAAATGGGATGCAAGAAGCTCAAAGTCAAGGTCCA

TTCTTCAATGGACGCCATTTGCTTTACCCCTCTGTTACTAAACTATCACCCAAGACGGG

AATGAATGAACGCTTGGATATCTTTCCAAGCTTGAGGGCAGCGCTCCCCGTGTTGGCG

AAAAAAGGAATCAACCCCGTCCAGAAGCGTCTCAACCTCCCGTGAGTCAAGGTTCTCG

TTTCTGAGTAGAACTGAATTGATCGCAAGCGGTCCCGGGTCTCTGATATGG 

 

Probe fusarium 1: 5’ TIA-CTI-TTI-TII-ACT-CAA-CC 3’ (20 basi; 5 citosine) 

Comp Fusarium 1: 5’ GG-TTG-AGT-CCA-CAA-CAG-TCA 3’ 

Probe fusarium 2: 5’ CTC-TIT-TAA-ITT-TCC-AIA-ITA-A 3’  (22 basi; 4 citosine) 

Comp Fusarium 2: 5’ T-TAC-TCT-GGA-AAC-TTA-ACA-GAG  3’ 

Probe fusarium 3: 5’ CTT-TAC-CCC-TCT-ITT-ACT-AAA-CTA-T 3’(25 basi; 8 citosine) 

Comp Fusarium 3: 5’ A-TAG-TTT-AGT-AAC-AGA-GGG-GTA-AAG 3’ 

 Probe Fusarium4: 5’CII-TCC-CII-ITC-TCT-IAT-ATI-I 3’ (22 basi; 6 citosine) 

Comp Fusarium 4: 5’C-CAT-ATC-AGA-GAC-CCG-GGA-CCG 3’ 



FASI DELLA PROCEDURA ANALITICA

1. PRETRATTAMENTO (+1.6Vx120s - +1.8Vx60s)

2. IMMOBILIZZAZIONE (+0.5Vx300s)

3.  IBRIDAZIONE (10min)



3. IBRIDAZIONE
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risposta denaturato/non denaturato per 10 ceppi 
europei di  F.Culmorum 

Probe 3-40ug/mL

Amplificato PCR 10 ug/mL
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Genetically modified organisms 
(GMO)

 Determination of specific DNA sequences 
obtained by a genetic modification in plant 
materials (the matrix for food production)

 Screening methods are based on the detection of 
the two regulatory sequences by Polymerase 
Chain Reaction:

35S promoter
NOS terminator

These sequences are introduced in most of GMO 
(Except China)

for the expression of transgenes.



• Development of  an Hybridisation sensor

Synthesis of a DNA fragment (probe, bioreceptor) 

containing the sequence of interest (analytical problem)

Immobilisation of the probe onto the 

solid support of the sensor (surface)

Extraction of the DNA from the real 

sample (blood, water, food) and 

amplification of the sequence of 

interest (sample pretreatment) 

Denaturation of the dsDNA (amplified 

fragment or genomic) to obtain a single-

stranded DNA (sample pretreatment)

Hybridisation of the obtained ssDNA 

with the immobilised probe

Changes in the physicochemical parameters of the layer formed  on the 

transducer (quartz crystal or gold –glass chip)

(thiol/dextran/streptavidin/biotinylated probe)



Probe immobilisation on gold film

1. Immobilisation procedures

• thiol/dextran/streptavidin/ biotine-probe

Specificity, 

no aspecific 

adsorption,

stability,

multi-use

thiol/dextran/streptavidin/biotinylated probe

optical piezoeletric



Time (sec)

0 500 1000 1500 2000 2500

Freq
uenc

y (Hz
)

9.9954e+6

9.9955e+6

9.9956e+6

9.9957e+6

9.9958e+6

9.9959e+6

9.9960e+6

9.9961e+6

9.9962e+6

Buffer

Sample

Regeneration

Washing
Buffer

Hybridation-Regenation Cycle



195 bp

200 

bp

300 

bp

A
B

Control: Post PCR 

Electrophoresis

Detection of DNA target sequence in real matrices 

• Certified Reference Materials (CRM) -Fluka

• Processed food (dietetic snaks, soy crackers, soft drinks)

1. PCR amplified DNA

Processing the sample

• Extraction of DNA from samples (CTAB method)

• Amplification of DNA by PCR (Pietsh K. et al. 

1997)

• Dilution with Hybridisation buffer: NaCl 150  

mM, Na2HPO4 20 mM, EDTA 0.1 mM, pH 7.4

• Denaturation to obtain ssDNA from amplified 

dsDNA A: amplified fragment 

(Promoter 35S 195 bp)

B: Standard length fragments
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35S-pBI121 

35S-CRM (140 ppm)

35S-dietetic drink (100 ppm)

35S-dietetic snack (240 ppm)

35S-dietetic soy crackers

(140 ppm)

PCR Blank

TNOS  185 bp amplified from

pBI121

Piezoelectric sensor, CRM 2% samples and 

processed food samples

Sample pre-treatment: PCR amplified DNA, thermal denaturation

5’-BIOT-ggc cat cgt  tga aga tgc  ctc  tgc c-3’ probe 35S

3’- ccg gat gca act  tct  acg gag acg g-5 target 35S


