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9 Proteomics
and methods

Proteomics is the large-scale study

of proteins. Proteins are vital macromolecules of all
living organisms, with many functions such as the
formation of structural fibers of muscle tissue,
enzymatic digestion of food, or synthesis and
replication of DNA. In addition, other kinds of
proteins include antibodies that protect an organism
from infection, and hormones that send important
signals throughout the body.
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https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Macromolecule
https://en.wikipedia.org/wiki/Muscle_tissue
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Hormones

Methods - determining the physical presence of cellular

protei ns Generally, proteins may be detected by using
either antibodies (immunoassays), electrophoretic separation
or mass spectrometry
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— Polyacrylamide gel electrophoresis (PAGE) .e ‘
— SDS-PAGE \
— Western blot A

— Immunodetection of proteins
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— ELISA (Enzyme-Linked ImmunoSorbent Assay)

NT-siRNA SIRT1-siRNA

— Immunoprecipitation
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— Immunohistochemistry
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— Isoelectric focusing
— Two-dimensional polyacrylamide gel electrophoresis
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https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Mass_spectrometry

Protein sample collection

_ 1ststep i il 3

— cell or tissue suspension gain

— 2nd step

— cell or tissue breakdown

— by ultrasound

— by using a mild detergent to perforate the plasma membrane

— pushing cells through a small opening

— breaking the cells with a sealing rotary piston in a thick-walled
container

— 3rd step

— obtaining a dense homogenate or extract with larger and
smaller molecules from the cytosol (enzymes, ribosomes,

metabolites, membrane-enclosed organelles)
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— gain of organelles in an intact state
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Homogenization of cells or
tissues
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Electrophoretic techniques

the ability to move
electrically charged
molecules in an electric field
vertical polyacrylamide gel
electrophoresis (PAGE)
alkaline buffers are used
imparting a negative charge
to the proteins - the proteins
then move to the positive
electrode (anode)

different variants

gel sandwiched between
two containers filled with
buffer into which the
electrodes are immersed
plate variant (samples are
placed in wells on the upper
side of the gel)
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Factors influencing the mobility of proteins in a gel

— Size
— with increasing molecular

SIZ€, the mOblllty Of listinguished by native polyacrylamide gel electrophoresis (native PAGE; Fig.2) (5). Indee

proteins in the ge| ne preliminary native-PAGE experiments demonstrated that the migration patterns of tt
’LC-01 PH domain were different between the two forms (Fig.3~5), indicating that the I
decreases (mO|ECU|ar inding to the protein induces the marked migration shift.
Sieve effeCt) Native PAGE analysis 6& " Q\QQ’ "
RSl RN
— Face s & & o
- e pindin -+ -+ =t
— globular proteins move e o B - Py
faster than filamentous — Oy
. - L LI |Positvey
proteins | = { a
— Charge density il -
— charge/unit mass o l , . [
. \ Negativel B
— the higher the charge || - charged RN
) ] “ ‘ A . rereesmasanres SITICAT
density, the higher the L — o+ -
- . b toe: pH 7. pH 8.
mobility in the gel ol 4C.3hr ~25°C. 1hr
— Acrylamide

concentration
— mobility decreases with
iIncreasing concentration
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Native PAGE
— proteins

shapes of
molecules

— they also have
different

charges

Native gel
Electrophoresis

Polyacrylamide gel electrophoresis

— DNA

— uniformin
terms of shape
and charge
distribution

Vertical slab gel
between two glass plates

o po
e .
Polyacrylamide ° o & /

polymer fibers

— Interpretation
of the
electrophoretog
ram in its

difficult.

/
/
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Side view Front view ©e0 / /
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SDS-PAGE

denaturing variant of PAGE
commonly used method

used for protein separation
sample preparation

dissolution in a solution
containing negatively charged
molecules (SDS: sodium
dodecyl sulfate)

elimination of disulfide bonds in
proteins by a reducing agent (B-
mercaptoethanol)

completion of sample
preparation by boiling

Proteins — . 55-
Folded with positive + . = SR
and negative charges i 7
ol L -5-5- : Disulfide bond

Reduced by 2-mercaptosthanol _
(disulfide bonds are reduced) y 1=

_5_5.. — .5H Hs‘

I SDS with negative charge
Unfolded to a linear structure with negative charge proportional

1o the polypeptide chain length
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Molecular weaight markers

https://ruo.mbl.co.jp/bio/e/supp Mu
ort/method/sds-page.html PHARM
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SDS-PAGE

SDS negatively charged

binds to proteins

masking the protein's intrinsic
charge

protein denaturation and
elimination of the effect of protein
shape

the number of SDS molecules
bound to a protein is roughly
proportional to its molecular
weight

equivalent charge density
larger proteins in the gel face
greater resistance

Slower motion (molecular sieve
effect)

Proteins are separated by
molecular weight only
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SDS-PAGE vs Native PAGE
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SDS-PAGE Native PAGE

SDS-PAGE and native PAGE analysis of SSB proteins. A. Purity and protein molecular weight were visualised
by SDS-PAGE in a 12.5% polyacrylamide gel containing 0.1% SDS under reducing conditions. B. Functional
SSB protein polymers were notarised by 3.5-5-12% non- denaturing gel electrophoresis. doiz10.1371/

journal.pone.0055076.9002
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SDS-PAGE

Remove the gel assembly from the
electrophoresis apparatus. Remove
the gel from the glass plates using
a spatula, and prepare for
subsequent analysis.
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Methods of protein transmission from gel to membrane

— capillary transfer Stack of
— weight, glass plate, paper, e "
. . embrane
filter paper, nitrocellulose : /
filter, gel, filter paper, glass Gol 7
plates immersed in transfer \
buffer Wick - Support block
— the dry paper absorbs the \
buffer by capillary forces,

thus the sample is drawn
from the gel to the

membrane
— electrophoretic transfer Top (—) cassette —
X electrode {cathods) — T
— Western t.ransfer (proteins i ek ek
are negatively charged and ol 1 i -

e | + wwyd B
travel to the positive Biotting membrane ~
electrode - anode) Bottom ion ressrvoir stack e A

— the driving force is the Bottom(s) cassetie - =

. g electrode (anode) —
electric field strength

— vacuum transfer
— similar arrangement to

capillary transfer, but the q&&1
sample is pulled by vacuum P

— faster than capillary transfer
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Western transfer

electrophoretic transfer

Western transfer (proteins are negatively charged and
travel to the positive electrode - anode)

the driving force is the electric field strength

— transfer of proteins separated by electrophoresis from a
gel to a solid filter (membrane)

— composition: sponge, filter paper, gel, membrane, filter
paper, sponge

Buffer tank lid

Blue cooling unit

Gel holder cassette
and foam pads

Mini Trans-Blot cell.
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Protein visualisation - staining

— Non-specifically Coomassie Brilliant blue
— staining of all proteins in the
gel Ponceau S
— Coomassie Brilliant Blue »
— Silver '

— Specific-lImmunodetection

— staining of only the selected
protein (membrane)

— antibodies
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Immunodetection of proteins
1 2

. . . . + Saparation . . + TN sher «
1. saturation of free binding sites on the ’

membrane
cheap protein solutions (milk, BSA,...)
] -

3.  binding of the primary antibody to the = = L i
respective antigen while washing the filter e
with a specific antibody solution

N

4. washing 3 4
5. binding of the secondary antibody . i .
. - . « b e hestion - . « Wiglalization =

containing the conjugated enzyme -

6. washing * .

7. providing the appropriate substrate for the - -
conjugated enzyme ) ,_JL,. - =

8. signal detection Y - -

9. chemiluminescence et

10. color detection

11. for example, radioactive probes or the
aforementioned secondary antibodies are
used to make the protein visible on the A. Colorimetric B. Chemiluminegscence C. Flugrescence
membrane Subsatrate Subsatrate

Mechanism of detection chemistries. In Light

each method of western blot detection, a Froduct : Eraduct M 20

detectable signal is generated following
binding of an antibody specific for the

protein of interest. In colorimetric detection /\ /\ /\
(A), the signal is a colored precipitate. In

chemiluminescence (B), the reaction itself

emits light. In fluorescence detection (C),

the antibody is labeled with a fluorophore.
14 9-Proteomics-2024 ‘ ‘ ‘



Immunodetection of proteins

Patobiochemistry

|
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Antibodies

epitopes
— serve as probes
— distribution

— monoclonal

— they are obtained from hybridomas

— polyclonal

— they are obtained from the blood of immuni:
animals

*The primary antibody, which is directed
against the target antigen; the antigen may be
a ligand on a protein, the protein itself, a
specific epitope on a protein, or a
carbohydrate group

*The secondary antibody, which recognizes
and binds to the primary antibody; it is usually
conjugated to an enzyme such as AP or HRP,
and an enzyme-substrate reaction is part of
the detection process (see figure below)
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they are able to recognize specific protein

Immunodetection (immunological detection) is used to
identify specific proteins blotted to membranes. This
section provides an overview of immunodetection
methods, workflow, protocol, and troubleshooting tips.

S
@ Substrate reagent is then
added to the biot —
P
@ @ The erzyme calalyzes
A biotting grade antibody- the substrate (S) to form a
anzyme conjugate is added detectable product (P) at
1o bind to the primary the ste of tha antigen-
antibody complex
antbody
Prmary antibody to

a specific antigen =

ncubated with the membrane
\

Blocking reagent blocks

unoccupied sites on the
membrane

\




Monoclonal

antibody

— they are produced
using hybridomas

— the latter arises from
the fusion of a tumor
leukemia cell
(immortality) and B-
lymphocytes of an
immunized animal
(antibody production)

— expensive preparation,

but in the end an
almost unlimited
source of antibody

— specific to only one
epitope
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the fusion of a tumor leukemia cell (immortality) and B-

Culture in HAT Medium
Select for positive cells

-
®

lymphocytes of an immunized animal (antibody production)
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Harvest monoclonal
antibodies

I
f——



Polyclonal antibodies

they are obtained from the serum of

immunized laboratory animals

antibodies

relatively cheap and quick preparation
Polyclonal vs. monoclonal

This summary table highlights the five main differences

between the two types of antibodies.

Polyclonal antibodies

Refer to a mixture of
immunoglobulin molecules that
are secreted against a particular
antigen.

Produced by different clones of
plasma B cells.

Production does not require
hybridoma cell lines.

A heterogeneous antibody
population.

Interact with different epitopes on
the same antigen.

react with multiple epitopes

Monoclonal antibodies

Refer to a homogenous
population of antibodies that are
produced by a single clone of
plasma B cells.

Produced by the same clone of
plasma B cells.

Production requires hybridoma
cell lines.

A homogenous antibody
population.

Interact with a particular epitope
on the antigen.

't Antigen 4

Antigen

A B

Figure 1. A) Polyclonal antibodies bind to the same
antigen, but different epitopes; and B) monoclonal
antibodies bind to the same epitope on a target
antigen.

*Inexpensive and relatively quick to produce (+/- 3
months).

*Higher overall antibody affinity against the antigen due
to the recognition of multiple epitopes.

*Have a high sensitivity for detecting low-quantity
proteins.

*High ability to capture the target protein (recommended
as the capture antibody in a sandwich ELISA).
«Antibody affinity results in quicker binding to the target
antigen (recommended for assays that require quick
capture of the protein; e.g., IP or ChIP).

Superior for use in detecting a native protein.

*Easy to couple with antibody labels and rather unlikely
to affect binding capability.



Specificity

Identification

Cross-Reactivity

Monoclonal
Specificity for a single epitope.
Identifies whether a particular region of a protein is

present

May cross-react with other proteins that share this
epitope, such as isomers or common motifs

Polyclonal
Varying specificities to multiple epitopes

Identifies the entire target protein via binding at multiple
sites. Since multiple epitopes are targeted, there is a
higher likelihood of detection of the target

Higher background and cross-reactivity possible due to
detection of multiple epitopes, any of which may be
shared by related proteins

Sensitivity Usually less sensitive since only a single antibody More sensitive because signal is amplified through the
molecule binds to each target binding of several antibodies per target
Cost Maore expensive to produce initially, but available in an Less expensive to produce initially, but supply is limited
unlimited supply to immunized animal(s). Greater variability between
preparations
https://www.bio-rad.com/en-cz/applications-technologies/western-blotting- IVI I\I
19 immunodetection-techniques?ID=PQEEPOBWLN4A
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Primary antibody

— binds to a specific antigen epitope

HRF oxidizes g
lurminal,

releasing light
— alabeled secondary antibody binds to it

AP-conjugated P
Primary Antibody Incubation secondary Light detected
After blocking, the membrane is incubated in a solution i i -
containing the primary antibody, usually diluted in Eﬂ_tlb[hlj'f b"_]ds to b‘-"r film or
blocking buffer. The time and temperature of incubation primary antibody digital imager
depends on the binding affinity of the antibody to the
target protein and should be determined for each
antibody individually. One hour at room temperature
with gentle agitation is a good starting point. In order to
reduce the background staining, the amount of Tween
20 used in the buffers is also important.

Antibody Concentration

The optimum antibody concentration is the dilution of antibody
that still yields a strong positive signal without background or
nonspecific reactions. Instructions for antibodies obtained from a
manufacturer typically suggest a starting dilution range. For
custom antibodies or for those where a dilution range is not

suggested, good starting points are:

«1:100-1:1,000 dilution when serum or tissue culture _
supernatants are the source of the primary antibody
+1:500-1:10,000 dilution of chromatographically purified
monospecific antibodies

«1:1,000-1:100,000 dilution may be used when ascites fluid is the
source of antibody
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Secondary antibody

— they are specific against only a small number
of primary antibodies

— anti-mouse IgG Secondary antibodies are specific for the isotype and species of the

— anti-rabbit IgG primary antibody.
For example, a goat anti-rabbit secondary is an antibody raised in
goats against a primary antibody raised in rabbits.
Secondary antibodies bind to a number of different conserved
regions on the primary antibody, and act to amplify the signal,
increasing detection sensitivity. Secondary antibodies are labelled
with either an enzyme for colorimetric or chemiluminescent
detection or with a fluorescent dye for fluorescent detection of the

. protein of interest.
— marked in different ways

— radioactively

— horseradish peroxidase (HRP) ¥
— alkaline phosphatase

— biotin

— fluorescent marker
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Detection Methods

colorimetric methods
chemiluminescence
bioluminescence
chemifluorescence
fluorescence/autoradiography
gold-labeled antibodies

In the past, many different methods were used for
western blot detection, but now the vast majority
employ enzymatic chemiluminescence or fluorescent
detection. Thus, most secondary antibodies are
conjugated to an enzyme such as alkaline phosphatase
(AP) or horseradish peroxidase (HRP) for use with a
chemiluminescent substrate or labeled with a
fluorescent compound for imaging.

Substrate @ Substrate @ Excitation
c r Detectable Oxidized Emicsion
=4 roduct ' roducts : oy
Secondary « ’ Secondary (pligm) Secondary AL G0 Secondary ®  EEACE
antibody / \ antibody / \ antibody / \ antibody / \
Primary Primary Primary Primary
antibody / \ PN antibody / \ a2 antibody / \ antibody /)k\
Colorimetric Chemiluminescent Fluorescent Radioactive
detection detection detection detection



Imunobloting

1. separation of the proteins of the given sample by gel
electrophoresis

transfer of proteins to the membrane (western blotting)
incubation of the membrane with a specific antibody
incubating the membrane with a secondary labeled antibody

detection of bound antibody

a0

g Immuno Blotting
™, Electrophoresis of
 Proteins

{ Blotting on to
membrane

Visualise the
membrane

Incubate with
Antibodies

Nag
e,
.
..
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ELISA

— 2 different epitopes
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one antibody is bound to a carrier
most often on the wall of the reaction vessel

Enzyme-Linked ImmunoSorbent Assay
uses two antibodies against one protein

i

Analyte
from sample

( " HRP - & ted

recombinant

analyte

HRP - conju
recombinant




ELISA s .

Smaller amount of
—_—

— benefits e 7 = Y Y Y Y Y Y

— high sensitivity

— pg/ml =

— small amount of sample YYY s * )
needed Lo :

Larger amount of

— the possibility of using targed nroksin YYY = Y'Y Y = Y'Y Y

semi-automatic systems

Y Antibody Target protein v Enzyme-labeled antigen D Substrate Enzyme reaction
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ELISA

— design:
washing

washing

akwnE
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Types of ELISA

Indirect ELISA

Sandwich ELISA

Competitive ELISA

A

Direct ELISA ?

secondary antibody
conjugate

saane inhibitor

? antigen ?
primary antibody ‘
conjugate
capture antibody
antigen gy oy iy

binding of the protein to the first antibody
binding of the second antibody to the protein

detection of a second clot

I
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AlphaLISA

— modification of the ELISA method

— "ELISA in solution”

— nho washing

— both the donor and the acceptor are bound to the target molecule
— the donor produces singlet oxygen

— the result is signal amplification

— a wide range of uses

Excitation o) Emission
615 nm

680 nm

Biotinylated
anti-analyte _Analyte

27 9-Proteomics-2024 Streptavidin-coated Anti-analwe—conjugated
Alpha donor bead AlphalLISA acceptor bead
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