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Protein Extraction

More complicated than nucleic acid extraction:
e Proteins are in different cellular compartments, might be in the membrane.
e Proteins can be polar/non-polar, hydrophobic, non soluble, etc...

e Enzymes and catalytic activities.

-Cell lysis in conditions ensuring:

Membrane break, protein dissociation = Detergents : SDS, Triton, Tween

Protein Inhibitors; Leupeptin, Pepstatin, PMSF, EDTA, 4 C

e #'% Detergent
“’?f’ 2 N e
Y o® B N D N\ ra N N
y \ J \
> ¢ 2, l & ¢
G OV ENEC )Ny
2N ‘ ol -
\ &/ &/ d
A\ y N\ 2
- SR - g =)
Intracellular
Detergent reacts Detergent destroys i v
with cell membrane the cell membrane P e

released



Protein Electrophoresis

Harder than nucleic acid electrophoresis:
Proteins differ in charge
Proteins differ in conformation

A polyacrylamide gel can be:
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Native SDS-gel
(non denaturing conditions) (denaturing conditions)
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Polyacrylamide Gel
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SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Denaturing conditions
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Considerations

Once negatively charged, all
proteins run toward +

The smaller are the proteins,
the faster they run

Denaturing conditions allow
proteins to move according to
their size only, no influence
from conformation

Partially
separated
proteins
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SDS coated proteins

Place mixture of proteins on gel,
apply electric field
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Molecular Weights

kD
203
135
86

41

mm

8.5
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50 kDa

25 kDa

15 kDa

Lane

We can separate proteins by mass.
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Polyacrylamide Gel Electrophoresis (PAGE)

Native gel

Polyacrylamide gel electrophoresis

Electrophoresis
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Isoelectric Focusing Electrophoresis (IFE)

-Fractionation based on Isoelectric Point (pl)

-The buffer generates a pH gradient

-When reaches the pl, the protein loses its charge (g=0) and

stops in the gel
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2D-PAGE

First separation based on Isofocused Electrophoresis (pl)
Second separation by SDS-PAGE (size)

High resolution

(a) Protein | PH 40
P t . t d mixture
roteomics stu y _Sepaution Isoelectric
in first focusing (IEF)
dimension
(by charge)
Apply first gel pH 10.0

to top of second

pH 4.0 pH 10.0

T MR SN Y T NI X H W
Separation & SDS
in second Y electrophoresis
dimension X -

(by size)




2-dimensional Gel Electrophoresis

A second electrophoretic run, orthogonal to the previous one and governed by protein size,
allows proteins to be highly resolved as single spots
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2-dimensional Gel Electrophoresis
Application: Proteomics

Condition B




How we identify proteins:
Western Blot assay

e Specific protein detection (presence/absence)
e Gene expression analysis

e Comparing different conditions




Western Blot Assay: steps

—SDS-PAGE

—Blot

—Blocking

—Binding of primary Ab
—Wash by buffer
—Binding of secondary Ab
—Wash by buffer

—Signal Detection



SDS-PAGE
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Blot
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Assemble ‘sandwich’

Graphite Electrode Plates
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Semi-dry blotting
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Blocking

Saturation of free hydrophobic spots on the membrane Avoids aspecific
binding of primary Ab to the membrane Skimmed milk or Bovin Serum
Albumin used

This reduces background leading to clearer results, and eliminates false
positives



Antibody production

POLICLONAL MONOCLONAL

Tumer cells

Multiple immunization rounds of the animal
through injection of the antigen (peptide,
purified protein, recombinant protein)

Antibody-forming

cens
\\\\"I\1s1on J{/

Blood collection and serum purification

Heterogeneous pool of antibodies
against different immunogenic epitopes

Hybidromas screened for

- 2
antibody production ’
Antibody-producing

hybridomas cloned
Monoclonal antibodies
isclated for cultivation



Antibody Bound

SECONDARY ANTIBODIES

‘ a- mouse
' a- goat
Enzyme-conjugated — a- rabbit
Secondary Antibody
/ \ a- sheep
a- horse

Primary Antibody

Membrane Containing Transferred Protein |

Primary Antibody
Target Protein

Membrane Containing Transferred Protein




ECL (Enhanced Chemio-Luminescence) method

membrane

secondary Ab-HRP

protein | >—-——
primary Ab

peracid

2
+

Autoradiographic film

oxidised product

r\f\% light
+

Iunimol

+
enhancer

The substrate is metabolised by HRP (peroxidase) emitting light
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GAPDH

Western blot

Adapted from Ballarino et al, 2015

Protein Detection

Aspecific Primary Ab? Excess
of Secondary Ab?
Unsufficient blocking?

Week wash conditions?




Protein Tagging

eProtein Tagging is a strategy for fusing a protein to a well- characterized
peptide. The peptide (TAG) confers the protein with the possibility to go
through easy purification, allowing to isolate it in big amounts or to
identify multiprotein or RNA/DNA/protein complexes.

eTagged proteins can be obtained by cloning into expression vectors:

DNA encoding for the protein + DNA encoding for the Tag

The fusion protein is a recombinant protein |




Recombinant proteins

e Biomedical research

e Commercially relevant factors

* Therapeutic molecules



Recombinant vaccines Hormones

Cytomegalovirus ACTH _ _
Diphtheria TSH (Tiretropin)
Hepatitis B HGH ( Growth hormone)
Hepatitis C EPO _ ) ) .
Influenza Somatotropin Peptide bioactive
HIV Calcitonin Interferon
Malaria Glucagon Insulin Interleuchin
Poliomyelitis

Recombinant proteins in Factor VIII

biomedical research " Hemoglobin

Inibitori di proteasi

Leptin
Protein secreted by adipose cells in
order to regulate the fat mass.

Growth factors

HNG (human nerve growth factor)
BGNF (brain derived neurotropic
factor)

NT-3 (Neurotrophin-3) NT-

4 (Neurotrophin-4)

GDNF (gliale-derived neurotrophin)
CNTF ( Rat ciliary neurotrophin)




In order to express a protein in an heterologous system we need:

Expression vector Expression host




Expression Host

Genes can be theoretically expressed in any system
The choice depends on the aim and on the protein features

Bacteria Escherichia coli e

Bacillus subtilis
Fungi Sacarocmices cerevisiae
Aspergillus nidulans
Plants Arabidopsis thaliana, cellule in coltura
Nicotiana tabacco protoplasti
piante transgeniche
Insects Dorifera californica cellule in coltura
Drosophila melanogaster organismi interi
Animals oociti

cellule in coltura
organismi interi




Bacteria

Yeast

Insects

Plants

Animals

Pros

e Simple

e Short generation time
e High yeald

e Low costs

e Simple

e Short generation time

e High yeald

® Low costs

e Post-translational modifications

~— Post-translational modifications

Cons

e Misfolding

e Inclusion bodies

e Possible toxicity of exogenous proteins
* Few post-translational modifications

e Active proteases
e Possible toxicity

* More expensive systems



Why do we express proteins in heterologous systems?

*Big amounts of products

eExpression in higher organisms can be difficult due to gene regulation

Simple model systems are easy to be obtained and
manipulated
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Procariotic gene expression is regulated
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Eucariotic Expression Vector

" These 15 an ATG upsiieam
of the Xba | st Bsmli

Constitutive expression

BamH |
Eco0109 |

BstX |

EcoRV

Afll
Hind 1N
AspT18 |
Kpn |
EcoR |
Pst |
BstX |
Not |
Xho |
Xba |
Apal
Pme |

Inducible expression



Expression and Purification of a recombinant protein

1. TRANSFORMATION (Expression vector in the expression host).

2. AMPLIFICATION of the positive bacterial/yeast strain.

1. INDUCTION of the recombinant protein.

2. PURIFICATION of the recombinant protein.



Purification of a (recombinant) proteins

1. Purifications of proteins
Antibodies
TAG

2. Purifications of proteins

— Protein production
- Interaction studies



Purification of proteins: TAGs

Tag Description Affinity ligand
* Hi55 6 histidines Ni++, Co++, Cu++
*GST glutathion-S-transferase glutathion
*TAP
‘FLAG
‘HA Maltose
MBP Maltose binding protein IlgG
‘Protein A Protein A Calmodulin
*CBP (40kDa) Calmodulin binding protein

Epitopi biotinilati
TAGs confer to proteins 2 properties:
specific affinity for a ligand, specific recognition from an antibody




The GST TAG SYSTEM

] GST

= Protein of Interest

GST interacts to Resin-bound Glutathione
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The HIS TAG System
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Tandem Affinity Purification N | e

(TAP) SVStem CALMODULINE ;
Binding Peptide . |_Protein A
TEV protease cleavage peptide
@ Target Protein

CONTAMINANTS i
ASSOCIATED PROTEINS

BINDING

TEV 1 AFFINITY COLUMN

TEV

%@ @ IgG RESIN

PROTEASI TEV CLEAVAGE 2 AFFINITY COLUMN

(Ca2+)
%

CALMODULINE RESIN

ELUITION IN NATIVE CONDITIONS (EGTA): Intermolecular
Interactions are preserved, thus....




Protein Pull Down Assay

TAGGING (and consequent affinity for a ligand) can be exploited to verify protein
interactions

The tagged protein is incubated with an homologous cell extracts and partners
can be identified also in the absence of a specific antibody (alternative to co-
immunoprecipitation)

Co-immunoprecipitation Fusion protein
pull-down

@ Protein- A * Fusions-moiety
= Antigen, known viral protein

‘ Unknown ligands



Protein Pull Down Assay

Step 1. Immobilize the fusion-tagged

"bait” from the lysate.
E 3 .
F K
Agarose _ L .*‘
Bead / Affin *oXe "k
Ligas B3 it Protein O
w g x*
Bait Protein-

Containing Solution

Step 2. Wash away unbound protein.

Step 3. Bind “prey” protein to
immobilized “bait” protein.

Prey Protein-

Containing Lysate

Spin

~

Step 5. Elute protein-protein

interaction complex.
Pro

Displaced Interacting Complex

Step 6. Analyze protein-protein
interaction complex by SDS-PAGE.

e ——— | Bait
I — | Prey
Marker  Purified Agarose  Purified

Bait Gel Protein-Protein
Control  Interaction

i- Affinity Ligand {Glutathione, Co®™* Chelate or Streptavidin)

>| =Fusion Tag (GST, polyHis or Biotin)
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Purification of proteins: Antibody
Immunoprecipitation

Isolation (enrichment) of antigen/antibody complexes

e Requires: specific antibodies directed toward
the target protein or its recombinant variant

e Allows: identification of ribonucleoprotein
(RNP complexes)



Immunoprecipitation: the role of protein A or G

Antibodies
specifically  bind
protein A or Gfrom Mouse 1gG1 + I
Staphylococcus, 1gG2a o o
through their Fc
. IgG2b s ++
region. [aG3 + +4+
IgM
IgA
IgE
Rat IgG1 - =
IgG2a = Tatar:
IaG2b - 1=t
IgG2c - 1=k
Human IgG1 et gtk
IgG2 +++ +++
1gG3 - =T
IgG4 +++ +++




Immunoprecipitation (IP)

@ suitable antibody is added.
e Antibody binds to protein of interest.
0 Protein A or G added to make antibody-protein complexes insoluble,

o Centrifugation of solution pellets antibody-protein complex.
Removal of supematant and washing.

Ponti disolfuro
— intra- ed
inter-catena



Magnetic beads !
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A/G Immunoprecipitation: an example

Input Ctrl TDP-43 IP

Untreated RA-treated
cells cells

Di Carlo V. et al, 2013



Co-Immunoprecipitation (Co-IP)

*IN

12
o

@ suitable antibody is added.
e Antibody binds to protein of interest.
0 Protein A or G added to make antibody-protein complexes insoluble,

o Centrifugation of solution pellets antibody-protein complex.
Removal of supematant and washing.
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—ma Input Ctrl TDP-43 IP

Untreated RA-treated
cells cells

Di Carlo V. et al, 2013



Immunoprecipitation (IP)

Co-IP

Protein complex
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Prepare

Enrich

Wash

Analyse

Immunoprecipitation (IP)

Co-IP

Protein complex
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Western Blot or
proteomics

Finding molecular parterns:

RIP/CLIP

RNA and RBP in cell extract
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