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AGENDA

Nov 5t: Cancer genomics- mutations

Nov 11th: Cancer genomics-copy number alteration, heterogeneity, evolution
(recording)

Nov 18t: Cancer Epigenetics- chromatin 3D structure, cell plasticity

Nov 25th; — Major signaling pathways leading to cancer

Dec 2th: Cancer Therapies — chemo and targeted therapies
Dec 9t: Introduction to immunotherapies —
Dec 16th: questions for the exam

Dec 18t: Exam 1.30 PM-3.30 PM
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=PFL " Input and Output are coordinated

Input

@ Output

Input A

Output
Input B ¢ "



=PrL  Signal can coordinate multiple responses

Coordinated responses

Response 1
Signal A ————> é Response 2
Response 3

Coordinated responses

Response 1
SignhalB ————> £ Response 5
Response 6
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=PrL Response can be context dependent

Signal A > Block of proliferation

Signal A Cell death

Difference in response can be linked to mutations in the pathway
and parallel signals
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=Pl Major signaling pathways in cancer

Ras Signaling

AKT Signaling
Notch Signaling
Hedgehog Signaling
TGF-p Signaling

WNT Signaling

Cell Death Signaling
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Where does the signal (=input) come from?

Endocrine signaling (long distances)

(A) CONTACT-DEPENDENT

Paracrine signaling (local mediators) : :
« Autocrine signaling ;;E(:E%;gz.

Gap junction signaling (contact-
dependent)

synapse
neuron

..
' i o
axon
target cell

cell neurotransmitter

Synaptic signaling (in neurons) bocy

Alberts et al.,
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(B)  PARACRINE
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Molecular Biology of the Cell, 7" ed
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Paracrine signals

The signal molecule (e.g. interleukins, hormones) is produced by different cell types

normal paracrine signaling

N

— EGF-R

=
N =
tyrosine
kinase
epithelial cell

v 9

mesenchymal cell

/N

-PDGF-R
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U

Weinberg, The Biology of Cancer 2™ ed.



=PFL  Autocrine signals

The signal molecule is produced by the same cells that received the signal

An example

of autocrine signaling in
successive sections of an
invasive human breast
carcinoma.

EGF-R

TGF-o

Target sites on same cell
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merged

Weinberg, The Biology of Cancer 2™ ed.



=PFL  Autocrine molecules

Table 5.3 Examples of human tumors making autocrine growth factors

Ligand Receptor Tumor type(s)

HGF Met miscellaneous endocrinal tumors, invasive
breast and lung cancers, osteosarcoma

IGF-2 IGF-1R colorectal
& IL-6 IL-6R myeloma, HNSCC
(@]
% IL-8 IL-8R A bladder cancer
z
2 NRG ErbB22/ErbB3 ovarian carcinoma
2
E PDGF-BB PDGF-Ra/ osteosarcoma, glioma
o
n PDGF-C PDGF-Ro/B Ewing's sarcoma
Ll
E PRL PRL-R breast carcinoma
>_
z SCF Kit Ewing’s sarcoma, SCLC
2
g VEGF-A VEGF-R (FIt-1) neuroblastoma, prostate cancer, Kaposi's
s sarcoma
0
S TGF-a EGF-R squamous cell lung, breast and prostate
S adenocarcinoma, pancreatic, mesothelioma
[he
§ GRP GRP-R small-cell lung cancer
<C
(@]
|

3Also known as HER2 or Neu receptor Weinberg, The Biology of Cancer 2 ed.



€PFL  One ligand can bind to multiple receptors
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Receptor Tyrosine Kinases

= Cell growth

EGFR

PDGFR VEGFR

NTRK EPHA/B

INSR

15% M
T%ME] 38%M. %Mﬂ B

SK3
5% B
36% M)
23% M
Proliferation Protem Cell death Cell cycle
synthesis progression

M Mutation B Amplification
Bl Deletion [ Loss of heterozygosity

Epidermal growth factor
Fibroblast growth factor
Platelet-derived growth factor
Vascular endothelial growth factor

Insulin growth factor



=PFL  Receptor Tyrosine Kinases dimerization

signal protein
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inactive RTKs
autophosphorylation autophosphorylation
activates kinase generates binding sites
domains for signaling proteins
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=L Downstream RTK proteins: the case of PI3K

survival signal

inositol phospholipid

P PW P?P

phosphorylated
activated inositol
Pl 3-kinase phospholipid

activated RTK
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PI3K activity is controlled by PTEN

4

Cell survival,
cell proliferation,

p v 4

Protein synthesis

Nature Reviews | Molecular Cell Biology

g tdins(4,5)P, Inositol ring Fatty acid tail
0*1*@ ®~ Ho OH
! o
{tdlns(3.4.5)P, HO
PI3K Ptdins-4,5-P, (PIP,) PTEN
@\\ ® O,
4
@+ ®
HO

Ptdins-3,4,5-P; (PIP3)

Lipid second messenger

PTEN: Phosphatase and tensin homolog

Song et al., 2012
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Pl3-kinase activates Akt

exp  Expression : l l -
® Phosporylation .8 S6 elF4E #.®
mut Mutation

amp  Amplification

trans  Translocation

del Deletion
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L

PI3K/Akt pathway is frequently altered across tumors
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; LGG, Brain Lower Grade Glioma; BRCA, Breast invasive carcinoma; CESC, Cervical squamous cell carcinoma and endocervical

(combining COAD and READ projects); ESCA,

; GBM, Glioblastoma muliiforme; HNSC,

Esophageal carcinoma;
KICH, Kidney Chromophobe; KIRC, Kidney renalw KIRP, Kidney renal papillary cell carcinoma; LIHC, Liver hepatocellular carcinoma; LUAD, LLung adenocarcinoma; LUSC, Lung squamous cell carcinoma; DLBC,
Lymphoid Neoplasm Diffuse Large B-cell Lymphoma; MESO, Mesothelioma; OV, Ovarian serous cystadenocarcinoma; PAAD, Pancreatic adenocarcinoma; PCPG, Pheochromocyioma and Paraganglioma; PRAD,

SARC, Sarcoma; SKCM, Skin Cutaneous Melanoma; STAD, Stomach adenocarcinoma; TGCT, Testicular Germ Cell Tumors; THYM, Thymom
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Prostate adenocarcinomas;
a; THCA, Thyroid carcinoma; UCS, Uterine Carcinosarcoma; UCEC, Uterine Corpus Endomeirial

Zhang et al., 2017


https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-myeloid-leukemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/adrenal-cortex-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/transitional-cell-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/ganglioglioma
https://www.sciencedirect.com/topics/medicine-and-dentistry/invasive-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/cholangiocarcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/colorectal-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/x-ray-photoelectron-spectroscopy
https://www.sciencedirect.com/topics/medicine-and-dentistry/esophagus-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/glioblastoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/head-and-neck-squamous-cell-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/clear-cell-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/papillary-renal-cell-carcinomas
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-adenocarcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/squamous-cell-lung-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/mesothelioma
https://www.sciencedirect.com/topics/medicine-and-dentistry/mucinous-cystadenocarcinoma
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https://www.sciencedirect.com/topics/medicine-and-dentistry/pheochromocytoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostate-adenocarcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/sarcoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/cutaneous-melanoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/stomach-adenocarcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/germinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/thymoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/thyroid-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/carcinosarcoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/endometrium-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/endometrium-carcinoma
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=P*L PTEN is deleted or mutated in several cancers
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Altered in 112 (41%) of 273 cases/patients
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PI3K/Akt pathway

= Survival & Translation

EGFR

FGFR PDGFR VEGFR

NTRK EPHA/B

INSR

23% M [E]

Proliferation l Protein
synthesis
M Mutation Amplification
[ Deletion Loss of heterozygosity

Cell death

Cell cycle
progression

PIK3CA, PIK3R1,
PTEN

AKT1

MTOR



=PFL " The Wnt pathway

= Important during development (patterning
decisions).

= 19 ligands (Wnt members)

= More than 15 receptors: Frizzled, LRP5, LRPG,
RYK,...

= Canonical and non-canonical signaling.

= Roles in cancer:

« Cancer stem cells: e.g. self-renewal, TERT
expression.

* Invasion and metastasis through EMT.
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=PrL The Whnt pathway
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Wemberg, The Biology of Cancer 2™ ed.
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=PFL Canonical Wnt signaling
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Bugter et al., 2021
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Alterations of the Wnt pathway in cancer

APC
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=PFL - The TGF3 pathway

= Controls: cell cycle, metastasis, invasion, angiogenesis, wound healing,
cancer stem cells,...

= Cell- and context-dependent.
= Integrated in many other signaling pathways (Wnt, Notch, Ras, etc).

= Pleiotropic effects: can exert cytostatic and tumor-suppressive effects in
early stage tumors, but can also induce proliferation, invasion, and
angiogenesis in advanced tumors.
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=PFL  The TGF[3 pathway

TGF-B
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TGF-B TGF-B
receptor receptor
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Weinberg, The Biology of Cancer 2™ ed.



=PFL - The TGF3 pathway
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Weinberg, The Biology of Cancer 2™ ed.
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=PFL A case of pleiotropism: The TGF[3 pathway

TGF-B in tumor progression and metastasis

Tumor-suppressor signals:  Evasion of immunity EMT

Cytostasis Evasion of cytostasis Stromal recruitment:

Differentiation : ; o Fibroblasts

Apoptosis Autocrine mitogenic signals BMD cells

Inflammatory suppressor Motility and migration Metastasis endowing
properties

Stroma response suppressor
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=PFL - TGF[3 target genes
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Tumor-Suppressing Effects of TGF-3

Tumor-Promoting Effects of TGF-3

. . TG—ﬁbvgn&ms ‘ G2 Tanget Genes ——~ .
PDGF-B FoP3 VEGF, MMP-2, MMP-0 UF, S04 Snaill /2, 2681/2, HMGA2 HOM2, MMP-0
ToF-pTarget Genes
ToFgTamsicees X+
DN D000
¢
FasLigand, GATA-3,
Gearzyme A8, IRV,
MKCA, NKG2D, Nkp30,
Perforin, T-bet

Inhibits Growth
Inhibits Cell Inhibits Suppresses
Proliferation Induces Apoptosis | Activates Autophagy Mnslnﬂn'llm Angiogenesis st
Tt Gems — | ToF-2Taget Genes ToF-BTarget Genes ToF-BTagetGenes m-pr Genes
P15, p21,p57, 4EBP1 BIK, BIM, DAPK, Fas, ATGS, ATG7, Thrembospondin
GADD4SP Bedin 1/ATG6, DAPK
ToFgTigetGenes X | ToF-BTarget Genes T2 Tamget Genes X~ -5 Taget Genes -~
CDC25A, E2F-1, d1-3, c-Myc Belad, Bd-2 HGF, MSP, TGF-oc GATA-3, T-bet
Inhibits Cell Proliferation
T6Rp
o
i W
CydinE
/G (.°\er
> pIs o P
we OO —
T6Fp.. Gl
—y /—bbilz:/" S @
TRANSLATION INTIATION
@ \\K s Lo TP ARNA-€lF2-GTP Complex
H KNB’ — a -,
o LK -
Nudeus Taasdiptien GIARRBST i rI——
TGF- inhibits fration by inducing on of 4EBP1 and the cydi P15, p21, and pS7. 4EBP1 binds ic nitiation
ight n.a.nmspnndps,m on by inhibiting the actiiti yin compl
ﬂmalem]unedbv!ﬁeGl/Slranmn'mtlel|ma|)kﬂrmonaly,‘““_r exp DQ2SA ‘which is also required for CD¥-cydin activation (left
pandd), i vt al o e N 2 EF
Oeftpanel), and c-Mye (top right pane).
sfivitive. ©2011,2015R8D Systems

Promotes the Epithelial-to-Mesenchymal Transition
EPITHELAL MARKERS
Sn:lm Kmm ‘EBIIZ

Eaden
A S
m
mw ml msa mb3 G

MESENCHYMAL MARKERS

QB olRER R
Gl -

Snaliﬂ

Cytokeratng
Crunid3
e o
mﬁ'? 01

- .

nmonTin :E | M
- —..rnl\n
%‘, Ao
| YU e
| P1205 Caenin
| cc-Catenin
' { E-Cadherin Vinculin

Desmocollin /
| ,' Desmoglein puw
\wucas/

ol

T6F- signaling in epithelial tumor epitheial thon by inducing the expression of uch as Snal 172, 268172, and

collcell S s o .




=PFL - The TGF3 pathway
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The TGF[3 pathway

(A) E-cadherin  nuclei vimentin (B8)

e

TGF-B for 7 days — + 10 days

© (D) TGF-B (stromal cells)

a,Bg integrin (carcinoma cells)

Figure 14.19 Control of the EMT by TGF- and its effects on epithelial transition (MET). (C) Use of a dominant-negative (dn)
tumorigenic cells Immortalized mouse mammary epithelial cells type Il TGF-B receptor (which effectively blocks autocrine TGF-8

Weinberg, The Biology of Cancer 2™ ed.



=PFL  The TGF[3 pathway
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The TGF[3 pathway: mutations in cancer
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=PFL  Metabolic alterations

« Change the use of metabolites (associated with cancer
cell proliferation)

« Synthesis of new metabolites (associated with
mutation in some genes)
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=PrL Metabolic alterations

Cancer cells have a different diet compared to the normal cells
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The Warburg effect

Differentiated tissue
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Heiden et al., 2009
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The Warburg effect
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extracellular = cytosol biosynthesis

space J

PET-CT

detection

after treatment

Weinberg, The Biology of Cancer 2™ ed.



=PFL  Production of new metabolites

l

Associated with gene mutations

Mutation of IDH1 and IDH2 genes

IDH1 R132X (predominant in glioma; arginine R at position 132
is replaced by another amino acid, giving a missense mutation)

IDH2 R140X (predominant in leukemia; arginine R at position 140
is replaced by another amino acid, giving a missense mutation)
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=PFL " Production of new metabolites: 2-hydroxyglutarate (2-HG)
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Cairns et al., 2011



“F*L " Production of new metabolites:

2-HG influence DNA methylation

Cytoplasm

NS
Altered epigenetic regulation
Altered differentiation and tumorigenesis
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Yang et al., 2012



=P7L Many pathways are interconnected (network)
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RTK/RAS pathway Nrf2 pathway p53 pathway
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T R .
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i RAF 12,
O — (W - () () (B — (R
e ] L -
Proliferation ~ Cell survival ~ Translation - _ _,_L l__l__"
mTORC2 —
cagon "0 | —
Wnt pathway ="
L. Myc pathway ]
(BEREES) - | Wi sganas s O e == CyclinCDKs | Callcyce

)
— e - (o

WNT Dual Receptor Complex

TGF pathway

TGFp ligands | | Activin ligands |

| ]

T

Cell growth, X MLX

Prolferation, stem/progenitor phenotype

Notch pathway

--_'—IE

L
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m NOTCH4| NOTCH = _

iy

Cell
-- _-- el

—— Activation Copy number changes.
Mutat

—1 Inhibition tons [ Gene | Onoogene [ <1% [l >1% I >5% M >10%

Alteration frequencies.

Part of complex Epigenetic siencing

Tumor suppressor [] <1% [l >1% [l >5% Il >10%

Sanchez-Vega et al.,

2018
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Multiple signals

Converge
intracellular signaling

Readout

RN

proliferation cell survival
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Multiple signals

Transcription factors

Converge @~
intracellular signaling — wetsboism

l N

Readout

SN

promote promote
proliferation cell survival

Epigenetics



=P7L A master regulator: MYC

MYC family proteins include c-MYC, N-MYC, L-MYC
MYC is an helix/loop/helix protein leucine zipper protein

c-MYC is frequently amplified or overexpressed in multiple cancers
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Chen et al., 2018



=PrL  MYC is a transcription factor and potent oncogene

Wnt MAPK
N
STAT ~ MYC < PI3K

Target Processes «
2 G

< :
Apoptosis Drfferpntiation
o.a N A
: Angiogenesis,
Proliferation ¥ Tumor stroma
«--@®-2 9
Division, miRNAs,
Cell Size @ ot INCRNAs

Glycolysis, Lipids,
Amino Acids

instability

Transformation
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=PFL MYC regulates all the hallmarks of cancer
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Sustaining Evading growth
proliferative signals suppression

Deregulating
cellular energetics

Avoiding immune
destruction

progErZ(r:\isﬂlnzg Enabling replicative
cell death immortality

" Tumour promoting
inflammation

Genome instability
and mutation

Inducing angiogenesis Invasion and metastasis

Llombart & Mansour., 2021
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How does MYC control several biological processes?

(A)
active proliferation

mitogenic signals, etc.
Mye M~
GTGCAC
L
E-box

MY C forms dimer with MAX

increased decreased change in
differentiation proliferation state of cell

e
\ / Vs repression of mitogenic signals,
@m induction of growth-inhibitory
r proteins
GTGCAC

differentiation

MY C/MAX complex binds specific
DNA sequence (E-BOX)

MY C activates the expression of
many genes

Weinberg, The Biology of Cancer 2™ ed.



=PFL  MYC regulates gene expression
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c.Myc Mad1
N-Myc Mxi1
e @D > @ "
4 ) / Mad4
\ / \ ’
Proliferation \ ,' ‘\ Differentiation
And Apoptosis Y Growth Arrest
o TR L R
00"0\“9'.0\'0'0'90\
CACGTG CACGTG
E-Box E-Box

Antagonistic effects of Max partners



=PFL - MYC targets

\\l//m ./

N/NININ N TN ININ N /NN A {J‘\/\,

b MYdC taLget genes
an athways

MYC mRNA

@/
I~ eé\

Ribosome Cell cycle Pro-apoptotic Glycolysis: Synthesis of amino acids: Pre-replicative Global
biogenesis: inhibitors: genes: ° HK2 SHMT T complex: transcription:
*rRNAT epl5d * BAXT o LDHAT °«CDT1T o NELF{

* Ribosomal e p21d * NOXAT Synthesis of nucleotides: * MCM5, MCM7 * GTF2H1 and
proteins T e p274 *BIMT Glutaminolysis: « RRM2, PPAT and MCM2 T GTF2H4 T
(RPL and RPS) ASCT2,SN2 and GLS T and GART T

* UBFT Cyclins: Anti-apoptotic *«CADT Initiation of RNA stability:

e CyclinDT genes: Mitochondrial e SHMTT replication: «TTPL

Protein synthesis: o CyclinET BCL-2 and biogenesis: [elovAl e miRNAs {T

o tRNAT BCL-X, * PPARGC1B T Synthesis of lipids:

e elF2A (prlmary cells |, ep327 o FASN T RNA splicing:
and elF4ET tumour cells T) e TFAM T eSCDT PRMT5 T

L L L b)

Secondary RNA amplification

Nature Reviews | Cancer
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Kress et al., 2015
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=PrL

Most common Myc alterations
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MYC translocation in Burkitt lymphoma

Normal Burkitt's
chromosomes lymphoma
8 14 8 14

CH CH

myc VH 4 VH myc

| :

Translocation




=PFL  MYC amplification (copy number increase) in cancer
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\

¥

AN

MYC- MYC-
binding site binding
site

Normal

Regulafed ex{:)ression
of MYC target genes

> //

/

4
/

/

amplification
e
Signalling
dysregulation
(RAS actlvatlon
APC loss, etc.)

MYC drlven cancer

,/'/// V x\‘\\
// \\\
‘ M YAVYKX |
- 7

\

MYC—
binding site

MYC—
binding site

Dysregulated MYC function and target
gene expression supporting tumour growth

b
Breast cancer (1,084) Glioblastoma (592)
PIK3CA (32.6%) PTEN (33.5%)
MYC amplification (15.0%) EGFR gene family (27.0%)
EGFR gene family (7.7%)\ PIK3CA (9.6%)
PTEN (5.4%)~ PDGFRA (4.0%) ~
SMAD2/3/4 (1.8%) APC (2.0%)

Pancreatic cancer (184)
RAS gene family (64.2%)
SMAD2/3/4 (21.2%)
MYC amplification (12.6%)\

EGFR gene family (3.3%) ¥
PIK3CA (2.8%)I

Lung cancer (566)

RAS gene family (30.9%)
EGFR gene family (25.2%)
MYC amplification (8. 4%
SMAD2/3/4 (1. 4%
PDGFRA (7.4%)

Colorectal cancer (439) Ovarian cancer (585)

APC (70.3%) MYC amplification (33.2%)

RAS gene family (47.9%) EGFR gene family (4.0%) iy
PIK3CA (32.0%) RAS gene family (2. 1%).

SMAD2/3/4(22.5%) APC (1.9%)
EGFR gene family (21.8%) PIK3CA (1.5%)!

Lourenco et al., 2021



EPFL The pathway signal is not linear
but can be supported by feedback activations

Inhibitor Cell proliferation
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=P'L mTOR re-activates AKT

!
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=P7L How can we analyze a pathway’s activity?

Visualizing the signaling:

Reporter constructs
Protein-protein interactions (FRET)

Understand the signaling connection:

yeast two hybrid screen/affinity purification/mass spectrometry
Mass-cytometry (Cytof)
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=PFL " Reporter Construct

To understand if a transcription factor regulates the expression of specific genes

Reporter Gene

(e.g. Luciferase or GFP)
Gene Promoter

DNA

V

e mRNA

V

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)
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*F*L " Reporter Construct

Appropriate  Luciferase gene

Promoter (Reponel}
Luciferase gene h

Reporter vector

cell
extracts

Promoter activity = Luciferase activity / Cell number or cellular enzyme activity

B CANCER BIOLOGY / FREQUENTLY ALTERED PATHWAYS IN CANCER
§
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=PFL " Reporter Construct: examples

Wnt reporter lactate reporter

(8425) Pmel SphI (98)
(8155) AFIIII - Pcil
EcONI (945)
Mfel (964)
BbvCI (1199) EcoNI (945)
(RRE) Mfel (964)

BStAPI (1228)
Aval - BsoBI (1702)

BbvCI (1199)

KAL (1709)
Hpal (1803)
(cPPT) (8670) Scal K:,';a(llﬁ?m)
BspDI* - Clal* (1926) BspDI* - ClaI* (1926)
LEF-bdg.
LEF-bdg.
(6786) Scal Spel (2227)
—LEF bdg. Ascl (2316)
LEF-bdg. A7
10'444 bp

e o
EF-bdg pf’evvay C\O“‘“?\ ©
(6121) BsaAI (OR Ny PshAI (3326)
3326,
s
LEF-bdg
(5668) AvrII = (6355 [t Agel (3872)
(5667) Stul g BsaBI* (4006)
(5621) Sfil LEF-bdg. (6177) Csil - SexAIL*
LEF-bdg. (5726) RsrII
LEF-bdg. (5666) BsSiWI
LEF-bdg. (5661) Smal
(HIV-U3*RUS) - (5659) TspMI - Xmal
y3 uls( . RIESAVE) (5652) PFIFI - Tth111I Xbal (4950)
(5022) Kpn. EcoRV (3364)

(5018) Acc65I XcmlI (3406) (5343) PaqCI PmII (5320)

(4917) SacIl Spel (3634)
(4655) PfIMI AsclI (3723)

BamHI (3891)
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“P"L " FRET (Forster Resonance Energy Transfer)

Used to study (in living cells):
Protein-protein interactions
Ligand binding to a receptor
Molecular dimarization

r( /"A__
FRET ks %\“ i
VN o

2
I+
b S— l<" d
<10 nm % FRE
3 A
Donor Acceptor J biading
Ex. Em. Ex. Em. Lo T

2 Spectral
v
c overlap f FRET
% ¢ \,\
2 - &) -
Flexnblleken
Molecular
tension
Wavelength (nm) N A
- . .
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Broussard & Green, 2017
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FRET with specific inhibitors

No FRET

F(a)
+ mhixtor
Enzyme
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"L How can we analyze the pathways activity?

Visualizing the signaling:

Reporter constructs
Protein-protein interactions (FRET)

Understand the signaling connection:

yeast two hybrid screen/affinity purification/mass spectrometry
Mass-cytometry (CyTOF)
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"L Yeast two hybrid screen (to discover protein-protein

interactions)

Fish Plasmid aporter gene
Bait Plasmid -
no transcription

Gal4 DBD

Bait protein Fish proteiM

Gal4d AD

RNA Polymerase Il

i

transcription
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Briickner et al., 2009



Pk Yeast two hybrid screen (transcription activation)

(a) (b)
Out

Cytoplasm
Y

NubG

Out

" Cytoplasm

nucleus

TiBS
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"L Protein-protein interaction by affinity purification

Calmodulin-binding
peptide

TEV orot | i Q Cell extract
protease cleavage site - -
: O OO O
TAP tag Q Q O

Q TEV protease cleavage

Protein A

Bait protein

Specific binding partner

IgG beads First affinity
column
Contaminant {) .
Second affinity
column

Native elution (EGTA)
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Huber, 2003



=PrL

Frequently altered pathways in Cancer

https://www.pnas.org/content/pnas/105/2/692.full.pdf
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