IMMUNOASSAYS

Use antibodies for analytical purposes

Most used type of assay that use a label to have an analytical signal

* Radio immunoassay (a radioactive label, i.e 1, for thiroyd hormones)
* Fluorimetric assays (a fluorescent label, i.e fluorescein)

* Chemiluminometric assays (a chemiluminescent label is used)

 Enzyme immunoassays (or ELISA) (an enzyme is the label and the product of the
reaction can be detected colorimetrically, fluorimetrically or by
chemiluminescence)



Enzyme Linked Immuno-Sorbent Assay (ELISA)

= Types of EL

Substrate

DIRECT ELISA INDIRECT ELISA

ANDWICH ELISA COMPETITIVE ELISA

guantitative



Antigeni (Ag)

 L’antigene e una sostanza capace di interagire in maniera specifica con i prodotti finali della risposta
iImmunitaria (anticorpi).
 L’immunogeno e quella sostanza che, dopo essere penetrata nei tessuti di un vertebrato superiore, e in grado

di indurre una specifica risposta di difesa immunitaria con formazione di uno o prn anticorpi.

» La capacita di indurre una risposta immunitaria e/o cellulare, coinvolgendo cellule del sistema reticolo-

linfocitario, viene dehnita immunogenicita.

e Attenzione: non tutti gli antigeni hanno capacita immunogenica (ad es. piccole molecole PM <3000 Da) .

« Gli antigeni interagiscono con gli anticorpi utilizzando piccole zone superficiali specifiche dette determinanti

antigenici o epitopi.

* Attenzione (1): in alcuni casi antigenicita ed immunogenicita vengono usati come sinonimi.



Antibodies

®Proteins secreted by B-lymphocytes (type of &
white blood cell), in vertebrates. -

®Recognise and bind to molecules
(antigens) on foreign particles,
marking them for destruction by T-
lymphocytes.

Fab
fragments

®Each antigen may generate
several antibodies for different sites
(epitopes) on antigen.

Fc
fragments

1gG molecule



Anticorpi

e Gli anticorpi o immunoglobuline (Ig) sono una famiglia di glicoproteine plasmatiche, appartenenti alla classe delle Y-globuline,

* Vengono prodotti dai linfociti B maturi, appartenenti alla categoria dei globuli bianchi, che hanno il compito di difendere

I’organismo da agenti esterni tramite la risposta umorale.
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Antibody - Antigen interaction

Antibody Antigen Complex Ab:Ag
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Double Antibody Sandwich
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Tumor necrosis factor alpha (TNF-a), also known as cachectin and TNFSF1A, is the prototypic
ligand of the TNF superfamily (1). It is a pleiotropic molecule that plays a central role in
inflammation, immune system development, apoptosis, and lipid metabolism (2-5). TNF-a

is also involved in a number of pathological conditions including asthma, Crohn'’s disease,
rheumatoid arthritis, neuropathic pain, obesity, type 2 diabetes, septic shock, autoimmunity,
and cancer (5-11).

Human TNF-a is synthesized as a 26 kDa type Il transmembrane protein that consists of
a 35 amino acid (aa) cytoplasmic domain, a 21 aa transmembrane segment, and a 177 aa
extracellular domain (ECD) (12, 13). Within the ECD, human TNF-a shares 97% aa sequence

This assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal
antibody specific for TNF-a has been pre-coated onto a microplate. Standards and samples
are pipetted into the wells and any TNF-a present is bound by the immobilized antibody.

After washing away any unbound substances, an enzyme-linked polyclonal antibody specific
for TNF-a is added to the wells. Following a wash to remove any unbound antibody-enzyme
reagent, a substrate solution is added to the wells and color develops in proportion to the
amount of TNF-a bound in the initial step. The color development is stopped and the intensity
of the color is measured.



Create a standard curve by reducing the data using computer software capable of generating a
four parameter logistic (4-PL) curve fit. As an alternative, construct a standard curve by plotting
the mean absorbance for each standard on the y-axis against the concentration on the x-axis
and draw a best fit curve through the points on the graph. The data may be linearized by
plotting the log of the TNF-a concentrations versus the log of the O.D. and the best fit line can
be determined by regression analysis. This procedure will produce an adequate but less precise

fit of the data.
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Magnetic Microbeads are very often used for the separation step in immunoasssays

A chemiluminescence immunoassay principle in
the diagnostic testing of autoantibodies
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Competitive immunoassays
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a = (theoretical) response at low concentration/dilution
b = absolute value of the slope at the inflection point
a-d +d c = value of x at inflection point

(1 +(}{/C)b) d = (theoretical) response at high concentration/dilution
X = concentration or dilution
y = response (OD)

Typical calibration curve for
Immunoassay

Parameters:
100 £ A) Zero Concentration
[ Response
76 . B) Slope Factor
- C) Inflection Point (IC,,)
o
m S0
= ! D) Infinite Concentration
[ Response
25 1
0

0.01 0.1 1 10 100
Concentration (ng/mL)

Figure 1. Typical 4-parameter logistic graph for a competitive-
format immunoassay.




Enzymes of ELISA

COATING
Enzyme* Source Specific Enzyme :%Y:?a'ﬁggga:: ;m;"wmlaw'utwn of
activity (unitsA/mg) '
Alkaline phosphatase Calf intestine 400

remove liquid

Glucose oxidase Aspergillus Niger 200 An unrelated protein-based solution is used
to cover all unbound sites on the plates

Glucose -6-phosphate Leucon Stoc 250
dehydrogenase mesenteroides w——
remove liquid
Peroxidase Horseradish 900 and wash plate
DETECTION e
A Aunit of Enzyme activity represents the conversion of 1 pmol of Enzyme substrate to product Enzyme'conjugatedaﬂﬁbodyoranﬁggn
per minute . binds specifically to the target antigen or

antibody

remove liquid

and wash plate
ENZYME SUBSTRATE —TT g

® Initially the substrate should be colorless B s 2 13 i) it G2 il mreles ~_
® After degradation by the enzyme it L)tz syissisisae rston 1S s -

should be strongly colored or fluorescent.

Alkaline p-NPP p-NPP+ I M NaOH

Phosphatase dlettandamines g Horseradish peroxidase and alkaline phosphatase
- in high activity wh jugated with
Horse radish H202 Tetramethylbenzidi | M H2SO4 retain Ig activi y when Conjuga ed wi
Peroxidas n Phosphate — 1 H 1 1
. o - Mhosphn antibodies or antigens and have different types of
Horse radish H202 o= I M HCI substrates useful for different assays
Peroxidase Phenylenediamine

+HCI
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Polyclonal antibodies production

@ Inject antigen @ Antigen activates @ Plasma B cells @ Obtain antiserum
into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.

secreted

: antibodies
antigen

plasma B cells



Monoclonal antibodies
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the required antigen

i Serum titration

S~ RNA extraction

A

<~ Reverse transcription of
-LLLLL 1RNA to cDNA

Recombinant antibodies

ScFv displayed

by phage

Transformation
into E. coli

Ligation with
phagemid vector

\_
KTTITE

V,, and V, amplification

using cDNA as the template

SOE scFv

Fig. 1. Illustration of scFv library generation.

Phage Various scFv expressed ¢
scFv phage surfaces

Binding

Panning of phage against
the protein of interest

\ Non-specific scFv-expressii
R phage are washed away

Elution

\¢
Specific scFv-expressing
phage are eluted

Analyse scFv specific binding by phage ELISA

!

Perform further rounds of biopanning if no
specific binding is detected

Fig. 2. lllustration of a typical panning cycle.



Enzyme Linked Immuno-Sorbent Assay
ELISA elettrochimico
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ELISA

» Enzyme-linked immunosorbent assay (ELISA)

O

is a test that uses antibodies and color change to

identify a substance.
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Electrochemical immunosensors (labeled)

Chronoamperometry

% Enzymes and suostrates:

J G

Alkaline

phosphatase

/

1-naphtyl-phosphate

Differential pulse
voltammetry (DPV)

Horseradish peroxidase

\

*TetramethylBenzidine + H,0;
*[K4Fe(CN)e] + H20;




electrochemical detection:

chronoamperometry and differential pulse voltammetry (DPV) :

A
02 60 ms
Time
AE,= 5-100 mV
b Potential 4 Current
A 5
s |
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g Potentigl




* Anti OTA-

?Y? © oA

saggio diretto

|

A

110

d OTA-ALP \ Ab

BSA-
OTA

&

©®
SAb-ALP
\

/

Anti OTA-

Ocratossina -OTA

90 A
80
70
60

50

40 A

30

20
i 1 2
£

10 1

U/IU, (AJA, or ifi)

100 }\\\%m“_

0.1 1 10

cc (ng.mlit) OTA

saggio indiretto

|

® A




f(x) = {(a— d)/[1 + (x/c)b]} + d

Competition curve parameters

Linear regression

a b C d
(AornA) (nA.ng.ml-1) (ng.ml-) (AornA)
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(x0.7)-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]
Immunoassay Working Range L.O.D.
(ng/ml) (Blank -3 o)
(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. 0.05-25 0.060




Immunosensor procedure:

v'Pre-coating: 6 ul of rabbit anti
IgG (4° C overnight)

vBlocking: 6 ul of 1 % PVA
(polyvinyl alcohol) (30 min)

v'Coating: 6 ul of anti-OTA Ab (1
h)

v'Competition: 6 ul of OTA-AP +
standard/sample (30 min)

vDetection: 100 of 5 mg/ml 1-
Naphtylphosfate (2 min) + DPV

washings: 150 ul phosphate buffer
pH 7.4

effect of extraction solvent

Activity of an electrode
modified with IgG-ALP after
30 min incubation with  1:9 -
9:1 solutions (1:1 in DPBS)
acetonitrile:water — 95-108%

Sensitivity of the calibration

curve ~ 50%
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OTA concentration (ng.ml?)

Final dilution 1:8

25 g in 100 mL di
ACNIHzo

Maximum Residue Limit = 3 ng/g

Is0=1.6 ng/g

Parameters

0.1 PBS Buffer @

ACN:H,O (6:4) A

Wheat Extract (blank) =

d (nA) 16 (+13) 24 (+8) 13 (£ 15)
W.I. (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




Lateral flow immunoassays

Lateral Flow Assay Architecture

Ariibodes conjugated Tag Test Une Control Une
(Gold, Latax, Flucrcphore, oic.) (Andbodies) {cdgG Amibodies)
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BIACORE approach

Carboxylated
dextran

Linker layer

Gold film

dextran hydrogel  enhancement of the capacity of
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SPR principles

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.
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Immobilisation of organic molecules on gold
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Spr sensors and microfluidics
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BIO(immuno)FETs label-free!

An ion-sensitive field-effect transistor (ISFET) is a field-effect transistor used for
measuring ion concentrations in solution; when the ion concentration (such as H,

see pH scale) changes, the current through the transistor will change accordingly.
Here, the solution is used as the gate electrode. A voltage between substrate

and oxide surfaces arises due to an ion sheath. It is a special type of MOSFET (metal-
oxide-semiconductor field-effect transistor),lland shares the same basic structure, but
with the metal gate replaced by an ion-sensitive membrane, electrolyte solution

and reference electrode.2 Invented in 1970, the ISFET was the first biosensor

FET (BIoFET) source wikipedia

reference
@ electrode insulator

‘source



https://en.wikipedia.org/wiki/Field-effect_transistor
https://en.wikipedia.org/wiki/Hydrogen_ion
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Oxide
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/ISFET#cite_note-Bergveld-1
https://en.wikipedia.org/wiki/Metal_gate
https://en.wikipedia.org/wiki/Membrane
https://en.wikipedia.org/wiki/Electrolyte
https://en.wikipedia.org/wiki/Reference_electrode
https://en.wikipedia.org/wiki/ISFET#cite_note-Schoning-2
https://en.wikipedia.org/wiki/BioFET
https://en.wikipedia.org/wiki/BioFET

Bio-FETs couple a transistor device with a bio-sensitive layer that can specifically detect
bio-molecules such as nucleic acids and proteins. A Bio-FET system consists of a
semiconducting field-effect transistor that acts as a transducer separated by an insulator
layer (e.g. SIO,) from the biological recognition element (e.g. receptors or probe
molecules) which are selective to the target molecule called analyte.’8! Once the analyte
binds to the recognition element, the charge distribution at the surface changes with a
corresponding change in the electrostatic surface potential of the semiconductor. This
change in the surface potential of the semiconductor acts like a gate voltage would in a
traditional MOSFET, i.e. changing the amount of current that can flow between the
source and drain electrodes.EL.This change in current (or conductance) can be
measured, thus the binding of the analyte can be detected. The precise relationship
between the current and analyte concentration depends upon the region of transistor

operation (source Wikipedia)
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https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Field-effect_transistor
https://en.wikipedia.org/wiki/Transducer
https://en.wikipedia.org/wiki/Silicon_dioxide
https://en.wikipedia.org/wiki/Bio-FET#cite_note-bulyha-8
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/Bio-FET#cite_note-matsumoto-9
https://en.wikipedia.org/wiki/Electrical_conductance
https://en.wikipedia.org/wiki/MOSFET#Modes_of_operation
https://en.wikipedia.org/wiki/MOSFET#Modes_of_operation

antigen binding site @ Antigen

CDR region/~
2 A Y Antibody
/variable region
light chain
: constant region Reference electrode | I Vg
heavy chain I
. < |
o Y N
S A
~ N
o ‘
S A Y
S LY
~ A Y
SS N
\\ b Y
~ A
S Ay
~a “
So .
-~ )
\\~\ \\
Drain S : : ‘ Source

Nanomaterial

conductance
conductance

time time



Piezoelectric Biosensors label-free!
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The mass-loading frequency effects of the
transducer are based upon Sauerbrey’s equation
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The standard QCM measures

the mass of a material ‘QCM-Mass
deposited on a quartz crystal

surface as a linear function of

a change in the oscillating AF = (2.3x10°) F* AMA
crystal resonant frequency

AF (Hz) = frequency shift of the coated coystal
F (Hz) = tesonance frequency of the crystal

A (g) = increase in mass loading

A (cm‘*) = atea of the costed crystal
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C-Reactive proteinis a
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Figure 1. Principle of CRP assay by the proposed biosensor.
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