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Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis

* Naive vs denaturing conditions
|dentification of proteins

* Mass spectrometry

* Western Blot

* Antibodies

 Recombinant protein
* Immunoprecipitation/Pull down



Why do we study proteins?

Proteins are the final
effector in the cells

They do most of the
work in cells and are
required for the
structure, function, and
regulation of the body’s
tissues and organs
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Why do we study proteins?

* Proteins are the final effector in the cells; as effectors they can act in many
ways so the final level of the protein is the determinant of the function

Immunoglobulin G (IgG)

Antibody

Enzyme

Messenger

Structural component

Transport/storage

Phenylalanine hydroxylase
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Antibodies bind to specific foreign particles, such as  Immunoglobulin G (I1gG)
viruses and bacteria, to help protect the body.

Enzymes carry out almost all of the thousands of Phenylalanine hydroxylase
chemical reactions that take place in cells. They also

assist with the formation of new molecules by reading

the genetic information stored in DNA.

Messenger proteins, such as some types of hormones, Growth hormone
transmit signals to coordinate biological processes
between different cells, tissues, and organs.

These proteins provide structure and support for cells. Actin
On a larger scale, they also allow the body to move.

These proteins bind and carry atoms and smalll Eerritin
molecules within cells and throughout the body.
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Why do we study proteins?

* Proteins are biochemically much more complicated that nucleic acids

A. Amino Acids with Electrically Charged Side Chains
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Dan Cojocar, Department of Medical Biophysics, University of Toronto, 2010

Depiction of surface polarity distribution (red is non-polar, blue is polar) on
surface of scFv. A non-polar patch on the wild type is shown by the white
circle on the left. On the right is the polarity distribution after introducing three
salt bridges into the patch.
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Why do we study proteins?

 Moreover modification in the proteins can alter the function; studying
protein modification will tell us information about the protein function.

amino acid side chain

Ribosome
Hydroxylation Phosphorylation i -
& Attaches a hydroxyl Adds a phosphate to >

oM J, é group (-OH) to a side serine, threonine or o &

chain of a protein tyrosine N
il 1 |
i ! Methylation Glycosylation i

g ,;} Adds a methyl group, Attaches a sugar, usually ‘A
LMe o‘g 2 usually at lysine or to an "N” or 0" in an ofgM)

arginine residues

i Lipidation
Attaches a lipid, such

é as a fatty acid, to a
i protein chain

Ubiquitination f D>
\ Adds ubiquitin to lysine 7

residue of a target ¢ &,\'
protein for degradation AL

Protein

v Acetylation SUMOylation FSU |
_,# ; Adds an acetyl group Adds a small protein i
PAC 3 ‘4. toan N-terminus of a SUMO (small l
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Covalently links the "S”
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Why do we study proteins?

* Example Phosphorylation state of Retinoblastoma protein can tell us the
proliferative state of the cell.

Mitogenic signals
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Why do we study proteins?

Example 2 PSA protein. Levels of Prostate specific Antigen (PSA) in blood
indicates the healthy state of prostate.

A blood sampla ks laken and c
analyzed in the laboralory @ Froe PSA (nolbound) @ Bound PSA (aftached 1o anolhar protain

Tolal FSM, bow Tokal PEA high
And Frod PSA nommal And Frist PEA nommal




Why do we study proteins?

 Example Lateral Flow covid test. Cheap and fast detection of virus in
samples.

Antibody against antigen,
linked to detector molecule

Y Antibody against antigen

Y Control antibody

% Antigen

Before Use  Sample Applied + Result - Result

Adapted from: lan M. Campell, hitps eommons wikimedia, orgwikiF ile Dragnostic_Medical_Dipstick. png



Methods in Protein Analysis

* Protein extraction



Protein Extraction: Total

e 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.

e —Cell lysis in conditions ensuring:

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

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

o e £% Detergent
| ® ke, O Ames
| - | - 4.:%
ke , ot
*
\ O / /
\‘\\ ‘ \ ;/'/ \_ ///
Detergent reacts Detergent destroys izgaf)ﬂlel:tasrare
with cell membrane the cell membrane p ’

released



Protein Extraction:partial

We can separate also specific compartments in the cell

Mitochondria-enriched preparation by differential centrifugation

QC 1: Resuspend pellet in lysis
buffer and use to measure total
citrate synthase activity

QC 2: Resuspend pellet in bicine
buffer and use to measure leaked
citrate synthase activity

S1subjected
Low speed (twice) to medium speed
800 x g, 4°C, 30 min 11,000 x g, 4°C, 10 min
e B 4
Sty o
.0‘363 Tissue $ s
oi®® | homogenate . IR
% %

P1pellet contains
whole cells
nuclei
cytoskeletons 1

e Mitochondria

Mitochondria- enriched
pellet

P2 pellet contains

mitochondria
lysosomes
peroxisomes

l Sucrose gradient

1% NP-40
IM Urea

Supernatant Chromatin pellet

,
4 \\
I 1
\ /
N\ 7’/

Nucleoplasm
1% SDS 0.4N H,SO,

¥ it
*!n +4
e g
Acid Extract

Detergent Extract

e Chromatin



Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis
* Naive vs denaturing conditions



Protein Electrophoresis

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

A polyacrylamide gel can be:

7N\

Native SDS-gel
(non denaturing conditions) (denaturing conditions)
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Polyacrylamide Gel

CHy=CH COHp=CH CHy— GH-—CH, —CH—CH, —CH—
i ¢=0  persutate (=0 (=0 (=0
N N N NH NH
He | TEMED e | .
Acrylamide G CH,
. .
CH, =CH CH,— CH—CH;— gﬂ‘ CH; — CH= Tris-Gly pH 8.3
BIS Polyacrylamide

Tris-Gly pH 8.3




Polyacrylamide Gel Electrophoresis (PAGE)

Polyacrylamide gel electrophoresis Nat“’e gel
Electrophoresis
B
®
2
2 A
o Mt e o Tel I : : .
T A o pouine chaige Proteins migrate depending m and q
3z
53 Proteins keep conformation
oo

A4

Side view Front view



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 (q=0) and

stops in the gel

Net Positive Charge |

MNet Negative Charge

ETEEES®

Inl::reaslng Cationic pl g - 6.8 Increasing Anionic
Characber No MetiCharge Character
|
I I I I I I I I I I | I I
o 1 2 3 4 5 & 7 & 8 10 11 12 13 14

pH

H;POy

[ I [ JT1 1

~=— At equilibidmm,
proteins separate
into finely focused
bands, each atits pl

HaOH




2D-PAGE

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

High resolution

(@) Protein PH 4.0
P . 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
CCIrrarT
Separation s SDS
in second . electrophoresis
dimension 3 -

(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 A Condition B




SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Denaturing conditions

NP .

1:-; . -»'.'J QPR ‘ .-'-.n a ::l Cle
l \ . CH;
JLLLLLLLLLLLLL LN
EoN A ok B X 8T CLIZ
rivestimento di cle
molecole di SDS
ch,
SDS : HyC - (CH,), - CH;080;" Na* ' ch,
ch
|
Anionic detergent tightly binding proteinsin a crz
fixed ratio (1mol SDS/2 mol aminoacids) e
CH;
For each SDS denatured protein, the ratio o
between m and q is constant. |
|O
o=° " o0



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 alactnc field
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Stain to visualize
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CRERUENCY
22 2 2

e Bl

@ @ & @




—

Molecular Weights

kD
203
135
86

41

. 19
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8.5
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18.5
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44.5

50 kDa

25 kDa

15 kDa

Lane

We can separate proteins by mass.
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Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis

* Naive vs denaturing conditions
 |dentification of proteins

* Mass spectrometry



Mass spectometry (Brief, do not panic)

MASS SPECTROMETRY °
Sample vaporizer | / Magnet
(heater) S

!

Sampl 1 '

ample

z j& ' Magpnetic field
: =

Gas sample \ \ \ X
injection point I —~ : Y \\_
Accelerated ions N \ Detector
. - N
Electron beam Y BN
S \ >
¥,//
MS/MS fragment Spectrum Full MS Spectrum LC .
v Fragment
7 . selected
¥e peptide
5 b yl2
11 o

LC elution time




Mass spectometry (Brief)

. . = .
@ isolation; 2
g co protease fragmentation |& % a
g St& / %O \\ o >
¥ . v (sample (inside mass -
? ® % preparation) %,‘ L, spectrometer) % )
. . J
0 @" 3 peptides fragmentions
) liquid | mass mass
proteome chromatography; | spectrometry spectrometry
“ i ig
Int. | |\ ('% Int. 2 | |
P r:;:::;:'l::tel:e < peptide intensities fragment m/z values

protein identities | «————— peptide sequences

-
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Mass spectometry

(A) protein mixture (8) protein (C) separation (D) ionization
digestion
0°.°
08¢ | - | |
—~
® tandem MS (€ MS
PEP Pr peptide into m/zand select
s | fragments PEP for MS/MS
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Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis
* Naive vs denaturing conditions
 |dentification of proteins
* Mass spectrometry
* Western Blot
* Antibodies



How we identify proteins:
Western Blot assay

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

e Comparing different conditions




How we identify proteins:
Antibodies

An antibody (Ab), also known as an immunoglobulin (Ig), is a large, Y-
shaped protein used by the immune system to identify and neutralize
foreign objects such as pathogenic bacteria and viruses. The antibody
recognizes a unique molecule of the pathogen, called an antigen.

epitope of an

antigen \

Immunoglobulin G (IgG)

oonstmt_ ) ol
() Comn: reglon
reglon
Fo| - — heaw

Foreign particle
binding site



Antibody production
We can produce antibodies to recognise different
proteins

POLICLONAL

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

1. An animal, such as a 2. Booster injections are
goat or a rabbit, is given to the animal every
!njected with an 2_-3 weeks .until tI_’le proper
Blood collection and serum purification Imrabnogen plus tienat antllody s
adjuvant. reached.
3. Blood is harvested 4. The serum is further
Heterogeneous pool of antibodies from the animal and processed to purify the
] ] . ] ] centrifuged to isolate the polyclonal antibody
against different immunogenic epitopes SeHirn; which contains the  population.
antibodies.




Antibody production
We can produce antibodies to recognise different
proteins

MONOCLONAL

Dmmunization earas il

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

Selection of antibody production cells

Hybridization with tumour cell to
immortalise the cell line.

Selection and amplification of best
cell/antibody

Single clone antibody against one ;
immunogenic epitope. Hybidromas screened for

antibody production ;
Antibody-producing

hybridomas cloned
Monoclonal antibodies
isclated for cultivation



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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Buffer-soaked
filter papers

Gel \.

/

Assemble ‘sandwich’

Graphite Electrode Plates

==

Semi-dry blotting

/

4

Nitrocellulose
” membrane

U

/ Wet blotting

Eﬁ

Nitrocellulose with bound proteins
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— Buffer
Electrode

Direction
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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

( 4

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



Antibody Bound

SECONDARY ANTIBODIES

. a- mouse

Enzyme-conjugated ——
Secondary Antibody

a- goat

a- rabbit
/ \ a- sheep

a- horse

Primary Antibody
Target Protein
|
|
Membrane Containing Transferred Protein |
Primary Antibody
Target Protein

Membrane Containing Transferred Protein



ECL (Enhanced Chemio-Luminescence) method

membrane Autoradiographic film
secondary Ab-HRP :
peracid
oxidised product
protein >——— 0: r\f\ 0, light
primary Ab 2 +
+ lunimol
2H,0 +
enhancer

The substrate is metabolised by HRP (peroxidase) emitting light



DM

GM 1 3 5 daysofdiff

—

MYQOD1

MYOG

MEF2C

—_— e

MYH6

CKM

GAPDH

Western blot

Adapted from Ballarino et al, 2015

Protein Detection

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

Week wash conditions?




Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis
* Naive vs denaturing conditions
|dentification of proteins
* Mass spectrometry
* Western Blot
* Antibodies
 Recombinant protein



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/detection 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 |




Protein Tagging

Epitope Tagging with Recombinant DNA

Epitope
TEaslgg:e Tag equtlance

Messenger RNA * Protein TAGs

« FLAG
& SR
& . “rarget DYKDDDDK
= rotein
% -Prac: e?|t1 Sequence « MYC
% Gene
'&,9' EQKLISEEDL
.:f\’ﬁ'zs..;.;.;(qu‘.‘ Epitope — . « V5
Replicati Polypeptide 4 iy _Target
Eepa,';‘d i°“ YPEpRee S0 );}-Pro ein GKPIPNPLLGLDST
xpression Figure 1 s
Sequences « HA
YPYDVPDYA

G
p-CKAP5-FLAG-3'WT

CKAP5-FLAG protein levels

WT 3’
CKAP5 ORF

circZN FGOQO

p-CKAP5-FLAG-D 3’

D3
CKAP5 ORF 8—
circZN FGOQO

™
= ™ 0109 @ .,
< 0 3
c 08
v v | FLAG £ 06
S
Q 0.44
2
E— W o ACTB % 0.2
X 0.0 T
5 5
R
<



Recombinant
proteins

* Biomedical research
« 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

Genes can be theoretically expressed in any system

The choice depends on the aim and on the protein features

Host

Bacteria

Fungi

Plants

Insects

Animals

Escherichia coli
Bacillus subtilis

Sacarocmices cerevisiae
Aspergillus nidulans
Arabidopsis thaliana,

Nicotiana tabacco

Dorifera californica
Drosophila melanogaster

cellule in coltura

protoplasti
piante transgeniche

cellule in coltura
organismi interi

oociti
cellule in coltura
organismi interi




Bacteria

Yeast

Insects
Plants

Animals

-

Pros

e Simple

e Short generation time
e High yeald

® Low costs

e Simple

e Short generation time

e High yeald

e Low costs

e Post-translational modifications

e 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

eSimple model systems are easy to be obtained and
manipulated



CLONING AND INDUCTION

PT5 locO-lac O RBS A
|

s
g pQE-30, pQE-31, Inocule
pQE-32
3.4 kb
\ Col E)
Logarithmic
| Phase
0.5-0.6 OD

+IPTG

Induction

A {10,11}



OPERONE LAC

OPERON
ﬂcomfv Pmmout Omtor Lactose-utilization genes

//'f\i..::‘”‘“

catmol attach 1o

Protain

Operon tumod off (lactose absent)

R e




Procariotic gene expression is regulated

repressore Repressore

iInattivo




Eucariotic Expression Vector

' These 15 an ATG upsaeam
of the Xba | ste

Constitutive expression

Pme |

Afl Il

Hind 11l
EcoRV
Eco0109 |
Apal

BstX |

AspT18 |
Kpn |
BamH |
BstX |
EcoR |
Pst |

Not |

Xho |

Xba |

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.



Methods in Protein Analysis

* Protein extraction
* Protein electrophoresis

* Naive vs denaturing conditions
|dentification of proteins

* Mass spectrometry

* Western Blot

* Antibodies

 Recombinant protein
* Immunoprecipitation/Pull down



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
*Hisg 6 histidines Ni++, Co++, Cu++
*GST glutathion-S-transferase glutathion
-TAP
‘FLAG
‘HA Maltose
MBP Maltose binding protein lgG
Protein A Protein A Calmodulin
*CBP (40kDa) Calmodulin binding protein

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

=
(7]
[J]
o
Protein g
Purification by §
Affinity <
Chromatography 3
@ ‘
c (o] ,./O
2 >
5 H=N
© s
=
G]




The HIS TAG System

] @“/ \‘.\_ ~

% lyse cells ?

Native conditions  Denaturing conditions

Wash

7
& -
Pure 6xHis-tagged protein

Ni-NTA resin

J

P
%
g
Ly CHy NH CH ;
N nitrilotriacetic acid %
i P
Il i
0 P
¥

Sepharose

Elution By Imidazole (a histidine analogue)



Tandem Affinity Purification N | e

(TAP) SyStem CALMODULINE
Binding Peptide . [ Protein A
TEV protease cleavage peptide
@ . Target Protein

CONTAMINANTS £
ASSOCIATED PROTEINS

BINDING

TEV

1 AFFINITY COLUMN

18G 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 4 Fusions-moiety

= Antigen, known viral protein

‘ Unknown ligands



Protein Pull Down Assay

Step 1. Immobilize the fusion-tagged

Step 2. Wash away unbound protein.

Step 3. Bind “prey” protein to

“bait” from the lysate. immobilized “bait” protein.
K " A
Agarose , . & TR 7 orcin (O
Bead fi':i;'. *oe¥Xeo Kk o o
¥ Tet o — oy s
Bait Protein- i e o
Containing Solution Prey Protein-
L B EB I Containing Lysate
1 ' * ° 4 *' v -
‘ ' Prey
Protein
Spin
-— *
Step 4. Wash away unbound protein. Step 5. Elute protein-protein Step 6. Analyze protein-protein
interaction complex. interaction complex by SDS-PAGE.
y .-"/’ Protein
o v ==
— ——— | Bai
— Elution o
; " - Prey Marker  Purified Agarose  Purified
R Bait Proein gty Bait  Gel Protein-Protein
Control  Interaction

Spin

~

Displaced Interacting Complex

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

>| =Fusion Tag (GST, polyHis or Biotin)
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| ’ Protein Pull Down Assay: an example

Drosha

: ,br‘b
S
X Q eé\?\ @é\(:q"'\
N > & ol A
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Drosha s —



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 Aor G

Antibodies Characteristics of Some Immunoglobulins
specifically  bind
protein A or Gfrom Mouse 1gG1 + i
Staphylococcu_S, lIgG2a 4 +++
thr?ugh their Fc 0G2b | ++ —+
region. laG3 + +++
IgM
IgA
IgE
Rat IgG1 + +
IgG2a - +++
IaG2b - d=is
IgG2c + ++
Human (s[E] +++ +4++
IgG2 4 ERRE
19G3 - s
IgG4 4 tHt




Immunoprecipitation (IP)

0.)\\. (2] 3

0o © o :‘

.. %) '

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

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




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

(2
Qo o

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

@) Centrifugation of solution pellets antibody-protein complex.
Removal of supematant and washing.
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/*\ Co-Immunoprecipitation: an example

' Input Ctrl TDP-43 IP

Untreated RA-treated
cells cells

Di Carlo V. et al, 2013



Immunoprecipitation (IP)

Co-IP

Protein complex

2 :;
0;.}
Prepare I: .
l Primary antibody
p— }\: A
N n
.o i:"
Enrich b e
\L‘ r beads
?"; Ao.\:
- l, Washing

Wash I: Ly
o

1 Elution
Analyse I: ),.';.-_

PR
Western Blot or
proteomics



Prepare

Enrich

Wash

Analyse

Immunoprecipitation (IP)

Co-IP

Protein complex

l‘
.
e
L

o,
..A"‘

l Primary antibody

-
e
0'.

.I'P.

..0

l Protein A/G
magnetic
.f * beads

v
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X

A
l Washing
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l Elution

.L
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Western Blot or
proteomics

Finding molecular parterns:

RIP/CLIP

RNA and RBP in cell extract

\ ,"\_.-’?../" ef\j{f
ANIANAAT

JJJ v iy

» ~
W TA
Protein A/G Specificantibody
magneticbeads against RBP

5, o

Proteinase Kand
RNA purification

4
NS NNANS
X Y 'Y
Microarray RT-PCR Sequencing

B

CHIP

Cross-link proteins to DNA

“opod’

fragmentation by
sonication

% e

Complex
precipitation with
a primary
antibody

{gﬁ% ;%i ::;:tiAc/bGea ds
N F

Reverse cross-

link and DNA

purification
2/

qPCR or Sequencing



Exercise |

Zeb?2 protein and cancer; RT-PCr shows no change in
MRNA level during tumor progression but....

RNA {arbitrary units)

gRT-PCR: oligonucleotides 3F-3R

f o S S S
& & LN & & & &
HT-29 M6 SW-480 LS-174T RWP-1

WB:

Zeb2

160 kDa — — “ - . .

S

A & N & & L&
S S £ L&

HT-29 M6 SW-480 LS-1747 RWP-4



Exercise |l

CTP is a drug to treat
CDK2 — b I &b &b - = cancer cell cells ....

CDK4 — <ite b b Gl SN

Cyclin A —» e e e o o o
Cyclin B1 = - - oD I S e
Cyclin D1 —» P UID Gl == =

CycinE > i & 4D &) & &

Rb .... - .
R ——

B-Tubulin —> " > G T W o
CPT (umol/L) 0 25 5 10 20 40




Exercise Il

JAZF1-SUZ12 is an oncogenic fusion product in some cancers, How
this fusion affects its molecular partners?

FS2-SUZ12

FS2-GFP
FS2-SUZ12
FS2-JAZF1

Suz12 WB1I c2 .anWBZ.VEFsl F

739

,
suzi2aos S wef] c2 [l zn fweZl vers ] ¥ ]
94 739

JAzF1-sUz12 | Twell ez [l z0 iwedl] vers [ ]

1 12894 739

snze [

1 243

HA-PALI1

EZH2

FLAG
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