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EGFR signaling pathway

Figure 1: EGFR signaling pathway [Website: bio-rad.com]
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EGFR gene expression in human body

Gene expression for EGFR (ENSG00000146648.17)
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Figure 2: Gene expression for EGFR. [GTEx Portal]

TPM: Transcripts per million
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Figure 4: Signal Transduction Pathways
Controlled by the Activation of EGFR.
Ciardiello F. N Engl J Med 2008.
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Tethered | Extended |

EGF Receptor Structure

Extracellular domain

Intracellular domain

Transmembrane
domain 634
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— IM: juxtamembrane TK: tyrosine kinase

PDBID:3NJP  X-RAY 3.30 A
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Tethered | Extended |

Domains | and lll;: SCOP Classification

Class
Fold Leucine-rich repeat (LRR)

a/b proteins

Superfamily L domain-like

Family L domain
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Tethered | Extended |

EGF Receptor Structure: Domain |

> B-helix with six turns
that form a solenoid or
barrel-like structure

> capped off at each end
by and
a-helix

hydrogen bonds
disulfide bonds

PDB ID: 3NJP X-RAY 3.30 A
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Tethered | Extended |

EGF Receptor Structure: Domain lll

hydrogen bonds
disulfide bonds

PDBID:3NJP  X-RAY 3.30 A
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Multiple sequence alignment
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EGF Receptor Phylogenetic Tree:

Drosophila melanogaster 4%

Apis mellifera 47/

Danio rerio ==

Xenopus tropicalis *

Gallus gallus

Mus musculus
Human (Homo sapiens) Homo Sapiens T
Mouse (Mus musculus)

Chicken (Gallus gallus)

Frog (Xenopus laevis)

Zebrafish (Danio rerio)

Bee (Apis mellifera)

Fruit fly (Drosophila melanogaster)
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Tethered | Extended |

MSA EGFR: Domains | and lli

101 11 121 131 141
Consensus vCqGtnnk[Ct qlgtvedHy!l s[ClagrmynnCe vVIgNLleiTy vqgrn-yDIsF
Conservation = | . el ' i IR v -
EGFR HUMAN VCQGTSNKILfT QLGTFEDHFL LQRMFNNCE VVLGNLEITY VQRN-YDLSF
DI EGFR MOUSE VCQGTSNR|ILT QLGTFEDHFL LQRMYNNCE VVLGNLEITY VQRN-YDLSF
EGFR CHCK VCQGTNNK|LT QLGHVEDHFT SLQRMYNNCE VVLSNLIEITY VEHN-RDLTF
F6UFM4_ XENTR VCLGNNNRILN QLGNTDEHYA SLKRMYDGCE |IVLGNLIEITY LDRL-NDTSF
F1IRA48 DANRE VCOCANNK|IL[FT LLETVEDHYQ LLRMYRNCT VVLENLEITH ITEK-YDLSF
EGFR APME - - - - - - - - T B e e
EGFR DROME ICIGTKSRILF VPSNKEHHYR LRDRYTNCT YVDGNLKLTW LPNENLDLSF

501 511 521 531 541
Consensus dLsa |l rGRtkgh-g qyslLlavVkls itSlglrsLK eisdGdvils
Conservation , T =]
DI" EGFR HUMAN DLHA (R:RTKQH-:' QFYLAVVSLN ITSLVLR\?LK EISDGDVI IS
EGFR_MOUSE DLHA IRGRTKQH - ¢ QFYLAVVGLN T SEGERSLEK EI|ISDGBMI IS
EGFR_CHICK DLYA IRGRTKQH - QYYLAVVNLK I|IQSLGLRYLK EISDGDIAIM
F6UFM4_XENTR D L SV IRGRTKQH-G |IYYLAIVKRS ITSLGLRYLK EVSDGDVI IK
F1RA48_DANRE - - - - LRSEKKS - - - - oo e
EGFR_APIME NLSY IGGRTLTE-Y FASLIYVVKTS LVSFGLSYLK KIYSGSIAIL
EGFR_DROME NLSY IHGRQLMESM FAALAIVKSS LYSLEMRNLIK QlISSGSVVIQ
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Tethered | Extended |

EGF Receptor Structure: Superimposition DI + DIII

DOMAINS

Cut the PDB into domains

L

SUPERIMPOSITION

STAMP roughfit

ll

ANALYSIS

Sc =198 RMS =257 Len=199 nfit=40 LOW SCORE
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Tethered | Extended |

EGF Receptor Structure: Superimposition DI + DIII

DOMAINS

Cut the PDB into domains

SEQUENCE ALIGNMENT

|<j

Obtain FASTA sequences Clustal W

|<j

SUPERIMPOSITION

STAMP alignfit

ANALYSIS
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Tethered | Extended |

EGF Receptor Structure: Superimposition DI + DIII

a EGFR DIllI: blue

Sc =5.25 RMS = 1.67 Len =187 nfit =17
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Tethered | Extended |

Domains Il and 1V: SCOP Classification

Small Proteins
Growth factor receptor domain
Growth factor receptor domain

Protein EGF receptor Cys-rich domain
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Tethered | Extended |

EGF Receptor Structure: Domain Il

N P disulfide bonds

Cysteine-rich
Disulfide-bonded
modules

> Rod-like structure

V.V

B-hairpin
= Dimerization arm

PDBID:3NJP  X-RAY 3.30 A
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Tethered | Extended |

EGF Receptor Structure: Domain vV

\!

. CYS 600.A

disulfide bonds

PDBID:3NJP  X-RAY 3.30 A
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Tethered | Extended |

EGF Receptor Structure: Superimposition DIl + DIV

Sc= 137 RMS = 2.54 Len =189 nfit =27
LOW SCORE
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| Domains Extended |
Active and inactive conformation
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Figure 5. EGFR video [YouTube]
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| Domains Extended |
Tethered Conformation

PDB ID:INQL  X-RAY 2.80A
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[ bomains Extonded |
Interactions Dimerization Arm (DIl) and DIV
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Figure 6: Structure of the Autoinhibited sSEGFR Monomer .
Ferguson K. Mol Cell 2003.
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| Domains Extended |
Interactions Dimerization Arm (DIl) and DIV

Consensus 671 .
Conservation CaHyiiDGphC
Egﬁg—u%ﬂgg CAHY IIDEPHC
B Domain I FEUFM4_XENTR CAHF IIDIEPHC
C1y, module BIRAMS DANRE (& CEEAD IS
. CKHARDEPEC
- CVHVRD[EQHC

34
Consensus p
Conservation
EGFR_HUMAN P
EGFR_MOUSE P
EGFR_CHICK P
F6UFM4_XENTR Q
F1RA48 DANRE R
" EGFR_APIME P
Domain ' EGFR_DROME P

v ' y . =

Figure 6: Structure of the Autoinhibited sEGFR Monomer .
Ferguson K. Mol Cell 2003.
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Extended

| Domains | Tethered

Conformational change from tethered to extended

~130°
90°
Chimera M
127.232
Atom 1 I Atom 2 ] Atom 3

PDB ID:INQL  X-RAY 2.80A PDB ID (extended): 3NJP X-RAY 3.30 A
#0 SER 205.A 0G #2 CYS 313.ASG #2 SER 205.A 0OG
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Ligands: SCOP Classification

Small Proteins
EGF / Laminin
EGF-type module

TGFa: Transforming Growth

EGF: Epidermal Growth Factor Factor alpha

EREG: EpiREGulin
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EGF Other ligands |

EGF-like consensus domain

- CYS 31.C

S 14.C \%YSIIZC

CYS 20. C

hydrogen bonds
PDB ID:3NJP X-RAY 3.30 A disulfide bonds
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EGF Other ligands |

EGF free vs bound

Free EGF EGF bound \

PDB ID: 2KV4 (NMR) PDB ID:3NJP X-RAY 3.30 A Sc = 4.40 RMS =180
Len =49 nfit =231
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| EGF Other ligands

Multiple sequence alignment

LIGANDS

Search in PSI-Blast Obtain FASTA sequence from UniProt

|<j

ALIGNMENT

Clustal W

VISUALISATION

Chimera

ANALYSIS
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| EGF Other ligands

EGF phylogenetic tree

Danio rerio ===
Xenopus tropicalis *
Gallus gallus

Mus musculus

Homo sapiens ’i\

=

Human (Homo sapiens)
Mouse (Mus musculus)
Chicken (Gallus gallus)
Frog (Xenopus laevis)
Zebrafish (Danio rerio)

oo oo



Conclusions

Introduction Receptor Dimerization
EGF Other ligands |
1021 1031 1041
Consensus eCPsayDgYC LhgGVCmyip dLdsYaCNCV
ConsewahtﬂioAnN ECPLSHDGYC LHDGVCMYIE ALDKYACNCV
Egg-u%USE GC?’SSYDE&Y C LNGGVCMHIE SLDSYTCNCV
EGF CHICK GCPPAYDSYC LHGGVCNYVS DLQDYACNCY
EGE XENOPUS ECPLAYDGYC LNGGVCIHFP ELKDYGCRCV
— PSS H ) {5 YDG Y FP Y N
EGF_DANRE SCRPS DS LYDGVC DMESYACNCYV
1051
Consensus iGYVGERCAQf
Conservation . B,
EGF HUMAN VGYIGERCQY Q Human (Homo sapiens)
EGF_MOUSE IGYSGDRCQT @  Mouse (Mus musculus)
EGF_CHICK TGYVGERCQF Q  Chicken (Gallus gallus)
EGF_XENOPUS AGYVGERCAQF Q  Frog (Xenopus laevis)
EGF_DANRE LGYMGERCQF Q  Zebrafish (Danio rerio)
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EGF Other ligands |

TGFa phylogenetic tree

Drosophila melanogaster 4%
Danio rerio =

Xenopus tropicalis ’
Gallus gallus ~

Mus musculus

Homo sapiens ’"‘

o

Human (Homo sapiens)

Mouse (Mus musculus)

Chicken (Gallus gallus)

Frog (Xenopus laevis)

Zebrafish (Danio rerio)

Fruit fly (Drosophila melanogaster)
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TGFa

Consensus
Conservation
TGFA_HUMAN
TGFA_MOUSE
TGFA_CHICK
TGFA_XENOPUS
TGFA DANRE

SPITZ_DROME TTP

Dimerization

Conclusions

| EGF

Other ligands

51 61 7" 81 91
-VrSHFn --dCPdSHsq -yCFHGT-CR FIvqEdkP-- ACVChsGyVG tRCEHADLLA
e - " . = oo Bl et = I
VSHFEN --DZPDSHTQ -FCFHGT-CR FLVQEDKP-- ACVCHSGYVG ARCEHADLLA
VSHEN --KCPDSHTQ -YCFHGT-CR FLVQEEKP-- ACVCHSGYVG VRCEHADLLA
RSHEN --ECPDSHRQ -FCFHGT-CR FLVQEDKP-- ACVCHSGYVG TRCEHADLLA
RSHFEN? - -DCPVSHSN -YCFHGT-CR FIVQEDLP-- ACVCQPGFVG TRCEHADLLA
HSHFD --DCPDSHSH -FCFHGT-CR FLILEETP-- ACVCHPGFVG MRCEHADLLA
NITEp TYK-PETFDA WYCLNDAHZCF AVKIADLPVY SCECAIGFMG QRCEYKEIDN
O  Human (Homo sapiens)
Qd  Mouse (Mus musculus)
O  Chicken (Gallus gallus)
Qd  Frog (Xenopus laevis)
a  Zebrafish (Danio rerio)
O  Fruit fly (Drosophila melanogaster)
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| EGF Other ligands

EREG phylogenetic tree

Nothobranchius rachovii ‘(—ﬂ')

Xenopus tropicalis *

Gallus gallus
Mus musculus

Homo sapiens 1\

#

Human (Homo sapiens)

Mouse (Mus musculus)

Chicken (Gallus gallus)

Frog (Xenopus laevis)

Tropical fish(Nothobranchius rachovii)
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| EGF Other ligands
51 61 71
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I
EGF - TGFa - EREG

LIGANDS

Search structure on PDB

SUPERIMPOSITION

|<j

STAMP roughfit

L L
PDB FILE STRUCTURAL ALIGNMENT

transform aconvertMod2.pl » Clustal W format

ANALYSIS
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| EGF Other ligands

EGF - TGFa - EREG

EGF TGFa EREG

¢\

‘\\\

-+

Sc = 8.65
RMS =1.22

PDB ID: 3NJP PDB ID: IMOX PDB ID: SWB7 Len = 48
(X-RAY 3.30 A) (X-RAY 2.5 A) (X-RAY 2.94 A) nfit = 42
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| EGF Other ligands

EGF, TGFa and EREG

PDB ID: 3NJP  X-RAY 3.30 A

1 11 21 31 41
Consensus - - - - - kCps- hh-gyCIlH-G qCiylvamdk yaCrChvGYi GaRCehadlL -
Conservation | ol ‘ ‘ H o
EGES3np -~ ECPLS HD-GYCLHD VCMYIEALDK YACNCVVGYI ERCQYRDLK
TGF_1mox VSHFNDCPD- SHTQFCFH - TCRFLVQEDK PACVCHSGYV ARCEHADLL
EREG 5wb7 - -S I TKCSSD MN-GYCLH - QCIYLVDMSQ NYCRCEVGYT VRCEHFFL -
51
Consensus -a-
Conservation

EGF_3njp WWE
TGF_1mox -A -
EREG 5wb7 - TV
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Asymmetric |

Symmetric dimerization

Figure 5. EGFR video [YouTube]
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Asymmetric |

Symmetric dimerization

Dimerization arm

> EGF Binding

> TGFa Binding

PDB ID: 3NJP X-RAY 3.30 A



Introduction Receptor Ligands Conclusions

Asymmetric |

Symmetric Dimerization: Dimerization arm DIl

'” .

Hydrogen Bonds

351 | \
Consensus gmdvNPeGKY .\ <\
Conservation | “~ -
EGFR_HUMAN [QMD VNP ECK Y » £ [
EGFR_MOUSE DVNPEGKY
EGFR_CHICK DVNPEGKY GLN 252.A
F6UFM4_XENTR DLNPDGKY
F1RA48_DANRE APNPYGKY
EGFR_APIME EPNPDGKY
EGFR_DROME ETNPEGKY

O EGFR DIl orchid
O EGFR DIl : dark magenta

0 EGFR DIl dimerization arm: pink /7
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Asymmetric |

Symmetric Dimerization: Dimerization arm DIl
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Asymmetric |

Symmetric Dimerization: Interaction DIV-DIV

<]
\ y )
751 - - ) 4

Consensus S o s al vy wkK . '
Conservation [y — | v
EGFR_HUMAN - - - - NTILIMWK U N .
EGFR_MOUSE - - - - NTILIMWK
EGFR_CHICK - - - -DTILIMWK .
F6UFM4_XENTR - - - - S T|L]!I K
F1RA48 DANRE _ _ _ _ _ _ |- -1-
EGFR_APIME VSPLEQGIALIK
EGFR_LDROME VHrQEQ |d L[|k

771

CHpnCtyg- -

’—,.:w)_fs—\_"i‘lrrr | -

CHPNCT - -

CHANCT - -

CHPNCT - -

CHPECK - -

CHSRCKKCTC

CHPLCELCTN

| EGFR DIV ;: sienna

/-//./v‘
\ HR 614.A M cian O EGFR DIV, : dim gray
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EGF Binding

PDB ID: 3NJP

X-RAY 3.30 A

e Fonclusions
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EGFR DI: spring green
EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray
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Asymmetric |

EGF Binding
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B-loop Domain | | H \ -
SITE 2 5
A-loop Domain Il

SITE 3

EGFR DI: spring green
EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray

C-loop Domain Il

[ may N

PDBID:3NJP  X-RAY 3.30 A
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Asymmetric |

EGF Binding

>

\‘
' (O
EGF EGFR “"«&f
(D\7 ‘6\
SITE 1 N S
B-loop Domain | 4 ; 2.
C\
A-loop Domain lll
C-loop Domain Il EGFR DI: spring green
EGFR DIl: dark magenta

EGFR DIll: navy blue
EGFR DIV: dim gray
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PDBID:3NJP  X-RAY 3.30 A
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Asymmetric |

EGF Binding: Site 1

- Hydrogen Bonds
- Hydrophobic Contacts

d EGFR DI: green
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EGF Binding: Site 1

Consensus
Conservation
EGF_HUMAN
EGF_MOUSE
EGF_CHICK
EGF_XENOPUS
EGF_DANRE

1051

Consensus
Conservation
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Dimerization Conclusions
Other ligands |
1031 1041
S g hg myip dLdsYaCNCJV
D PITE AlLp kv aAER[clv
S N MHITIE S S Y TCN|C}V
A S INIYIVIS D DY ACN|ClV
A . A HIFIP E DY R|C]V
S 2 D JFIYIFIP D S Y ACN|C}V
SITE 1
a Human (Homo sapiens)
a Mouse (Mus musculus)
d  Chicken (Gallus gallus)
a Frog (Xenopus laevis)
Q  Zebrafish (Danio rerio)



Introduction Receptor

Ligands

EGF Binding: Site 1

Hydrogen Bonds

LIGAND
Consensus !1041 l
Conservation ghdstaltHON \\Q
EGF_HUMAN ALDKY ™~
EGF_MOUSE SLDSY
EGF_CHICK DLQDY
EGF_XENOPUS ¢ | kp Y
EGF_DANRE DMESY

SITE1

d EGFR DI: green

Conclusions

Dimerization

Asymmetric




Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 1

Hydrogen Bonds

RECEPTOR

Consensus
Conservation
EGFR_HUMAN
EGFR_MOUSE
EGFR_CHICK
F6UFM4_XENTR
F1RA48 DANRE
EGFR_APIME
EGFR_DROME

d EGFR DI: green



Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 1
Hydrophobic Contacts

LIGAND
my i

Consensus

Conservation
EGF_HUMAN
EGF_MOUSE ||
EGF_CHICK
EGF_XENOPUS |!

EGF DANRE [F

M, I, F,V, L: Hydrophobic Residues

d EGFR DI: green



Introduction | Receptor | Ligands Conclusions

EGF Binding: Site 1 Aeymmetie

L]
Hydrophobic Contacts
RECEPTOR d EGFR DI: green
101 131

Consensus vCqgGtnnkLt vVIgNLeiTy
Conservation E=t , )

EGFR_ HUMAN VCQGC TSN VVLGNLEIT]
EGFR MOUSE VCQGTSNR VVLGNLEI TP
EGFR_CHICK VCQGTNN VVLSNLEI TP
F6UFM4_XENTR VCLGNNNR IVLGNLE I T
F1RA48 DANRE VCQOCANN VVLENLEITH
EGFR_ APIME - - - - - - - |-} - - ------- =
EGFR DROME ICIGTKSR YVDGNLKLTW

161

Consensus v
Conservation
EGFR_HUMAN
EGFR_MOUSE
EGFR_CHICK
FBUFM4_XENTR
F1RA48 _DANRE
EGFR_APIME - - - -|-
EGFR_DROME il

L
L
L
L
L
L

oo <

L, Y, H, |, V: Hydrophobic residues



Introduction

Receptor

EGF Binding: Site 2

EGF EGFR
B-loop Domain |
A-loop Domain Il
C-loop Domain lll

PDB ID: 3NJP

Asymmetric |

X-RAY 3.30 A

EGFR DI: spring green
EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray



Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 2

- Salt Bridge
- Hydrophobic Contacts

[ EGFR DIll: dark blue




Introduction

Receptor

EGF Binding: Site 2

Consensus
Conservation
EGF_HUMAN
EGF_MOUSE
EGF_CHICK

EGF_XENOPUS R -
EGF_DANRE STASEEPDVT

104

1
Consensus |G Y

Conservation
EGF_HUMAN
EGF_MOUSE
EGF_CHICK
EGF_XENOPUS
EGF_DANRE

EGF

w

(RN

N <

dp sl dp el

M

M

Dimerization Conclusions
Other ligands |
1 1031 1041
CPsayDgYC LhgGVICmyip dLds
CPLSHD C |LIHDG V| E A
CPSSYDGJ|C |LN W = S
CPPAYDSYJ|IC |UH VY | S QD
CPLAYDGJI|C |LNGG V| KD R
CPSTHDSVJ|C |LYDG V| -2
SITE 2
a Human (Homo sapiens)
a Mouse (Mus musculus)
d  Chicken (Gallus gallus)
a Frog (Xenopus laevis)
Q  Zebrafish (Danio rerio)



EGF Binding: Site 2
Salt Bridge

LIGAND

1051
Consensus i GYVvG
Conservation
EGF_HUMAN V
EGF_MOUSE |
EGF_CHICK T
EGF_XENOPUS A
EGF_DANRE 1

M
@)
o
—

<< () —
BEBES)

A0 00 08 0
TICICIC) Q)

BED)

Y
\’.
Y
Y
Y

mirrmm S m

TN T M= =<

[ M

SITE 2

@ EGFR DIli: navy blue

Conclusions

ém R

ARG 41.C



EGF Binding: Site 2
Salt Bridge

RECEPTOR
451

Consensus vafaGdsfty
Conservation

EGFR HUMAN VAFRCPI|ISFTH
EGFR MOUSE VAFKGCPISFTR
EGFR CHICK VAFLGCPAFTK
F6UFM4_XENTR VACYCP|IPF TN
F1IRA48_ DANRE RV SA [S]- - - -
EGFR_APIME QSFQGIFQHVY
EGFR_DROME QTFSGCFlQDVY

@ EGFR DIli: navy blue

Conclusions

ém At

ARG 41.C



Conclusions

Dimerization

Asymmetric |

EGF Binding: Site 2

Hydrophobic Contacts

LIGAND

1021 1031
ConSensis eCPsayDgYC Lhg
Conservation ~— . ,
EGF_ HUMAN ECPLSHDCY[C [L{HD £
EGF_MOUSE GRP:SSY ‘IC LIN
EGF_CHICK CPPAY (I L|H
EGF_XENOPUS EC P LAY 1C LIN
EGF_DANRE SCPSTH ‘IC LlY

: K
VAL 350 A

SITE 2
» \ / \
= — ASP 355.A
= ~
Vo

 EGFR DIII: navy blue




Dimerization Conclusions

Asymmetric |

EGF Binding: Site 2

Hydrophobic Contacts

RECEPTOR
451
Consensus vafaGdsfty
Conservation = =
EGFR_HUMAN |VIAF RD TH
EGFR_MOUSE |VIAF KD TR
EGFR_CHICK VIAF LHD T K
F6UFM4 _XENTR|VIAC Y {DIPIF|T N
F1RA48 DANRE|R|VSA{S - - ‘
EGFR_APIME QISFQHF VY VAL 350A
QIT F SAE V'Y

EGFR_DROME
s\, —ub \
/ - ASP 355.A ~
l
>

 EGFR DIII: navy blue




Introduction

Receptor

EGF Binding:

Site 3

EGF EGFR
B-loop Domain |
A-loop Domain lll

SITE 3
C-loop Domain Il

PDB ID: 3NJP

Asymmetric |

X-RAY 3.30 A

EGFR DI: spring green
EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray



Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 3

-> Hydrophobic Pocket
- Hydrogen Bonds

O EGFR DIll: navy blue




Introduction Receptor Dimerization Conclusions

EGF Other ligands |
[ ] o [ ]
EGF Binding: Site 3
1001 1011 1021 1031 1041
Comsensus: - - - - - - - - - - - -----NS - - e sayDg hg myip dLdsYa
Conservation
EGFE HUMAN - - - - - - - - - - - - - - - - SDS E D E A K
EGE MOUSE - --------- - ----_ SY S E- S S
EGF_CHICK SNEYSTRPVP - - - - .- DS | A S 3 QD
EGE XENOPUS R - - - - - - - - - - - - - - - - - .. E A KD R
EGF_DANRE STAS DVT STLQHK Va S S S D S

1051

Consensus : q
Conservation
Egg-a%“(',g'é ; a Human (Homo sapiens)
EGF CHICK QQH EI Mouse (Mus musculus)
EGF XENOPUS < - H O  Chicken (Gallus gallus)
EGF DANRE QQ @  Frog (Xenopus laevis)

St Q  Zebrafish (Danio rerio)




EGF Binding: Site 3
Hydrophobic Pocket

LIGAND
1061
Consensus cQf sDL
Conservation
EGF_HUMAN cQY RDIL
EGF_MOUSE CQT RD|L
EGF_CHICK CQF SDIL
EGF_XENOPUS CQOF DD|L
EGF_DANRE CQF SD|L
SITE3

Qd EGFR DIll: navy blue

Sonclusions
ém T

LEU 382.A L .

"‘ VALGI7.A



Sonclusions
ém T

N

EGF Binding: Site 3
Hydrophobic Pocket

491 521 541 ‘
Consensus |l lgawpdn ft gysLavVkls eisdGdvils ‘ 7-C
Conservation / A
EGFR_HUMAN | QAWPENRT EISDGDV | IIS PH 412
EGFR_MOUSE LIl QAWPDNWT EISDGDV | IS
EGFR_CHICK L]l QAWPDNAT EISDGDI1AIM . ILE 438.A
F6UFM4_XENTR [|L|l QWWPDNY T EVSDGDV || I|K .Y ‘ .
FIRAMMBDANRE | == === || sEE==LF = -
EGFR_APIME | QGDHKDF K K1Y
EGFR_DROME |EGTHPQFR QlS

LEU 382.A L .

L, F, A, V, l: Hydrophobic Residues ~ VAL6|7 i

O EGFR DIlI: navy blue




Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 3
Hydrogen Bonds
LIGAND

Consensus

Conservation CQf
EGF_HUMAN -
EGF_MOUSE |4
EGF_CHICK R
EGF_XENOPUS
EGF_DANRE clo

Qd EGFR DIll: navy blue



Introduction Receptor Ligands Conclusions

Asymmetric |

EGF Binding: Site 3
Hydrogen Bonds

RECEPTOR
491
Consensus |l lgawpdnft
Conservation R 5
EGFR_HUMAN LI[JQJAWFENRT
EGFR_MOUSE L IJ]QJAWPDNWT
EGFR_CHICK L I|]QQAWPDNAT
F6UFM4_XENTR L I|]QWWPDNY T
F1RA48_DANRE -y - - - - - -
EGFR_APIME N [|QQIGDHKD F K
EGFR_DROME NI|JEJGTHPQFR

Qd EGFR DIll: navy blue



Introduction Receptor Ligands

i

TGFa Binding

PDB ID: IMOX X-RAY 2.5 A

Dimerization Conclusions

Asymmetric |

ooooo

TGFo: orange

EGFR DI: spring green
EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray



Introduction Receptor Ligands Conclusions

Asymmetric |

TGFa Binding: Site 1

Hydrogen Bonds Q  TGFa: orange
a EGFR DI: spring green




Introduction Receptor Ligands

Conclusions

TGFa Binding: Site 1
Hydrogen Bonds

Dimerization

Asymmetric

.
3

TGFa: orange
EGFR DI: spring green

81

Consensus ACVCHhH

Conservation
TGFA_HUMAN
TGFA_MOUSE
TGFA_CHICK
TGFA_XENOPUS
TGFA_DANRE
SPITZ_DROME

= Rl
—TVTVTWULOLW

m<<<<
OO0

OO0O00

sGyVG

) )

) ()

)G
Q)G

Gy )

YO M

&/‘4

n i e (R RS e
Feccee

G)

»
|
m
-—




Introduction Receptor

TGFa Binding: Site 2

Salt bridge + Hydrophobic Contacts

L, I: Hydrophobic Residues

\

\

' TYR13.

-
"«

— b

P
if

s N A

VAL 350.A

HE 357.A

/!

‘\/ //A\

ASP 355.A

Dimerization Conclusions

Asymmetric |

O TGFa: orange
O EGFR DIl navy blue

PHE 357.A

ASP 355.A



Introduction Receptor

TGFa Binding: Site 2

Asymmetric |

O TGFa: orange

Salt bridge + Hydrophobic Contacts o EGFRDIIL navy blue

L, Y: Hydrophobic Residues

Consensus
Conservation
TGFA_HUMAN
TGFA_MOUSE
TGFA_CHICK
TGFA_XENOPUS
TGFA_DANRE

ASP 35E

HE 15.C
cEll2
yL RCEHADLLA
FIQF|||AIREEHADL LA
YIQF|||VIREEHADL LA
FIAEIIl TIREEHADLLA
YIAFHI TIREEHADLLA PHE 357.A
FldE MRCEHADLLA
vid L QR,EYKEIDN
SITE 2

ASP 355.A



Introduction Receptor Ligands Conclusions

Asymmetric |

TGFoa Binding: Site 3

Hydrogen Bonds O  TGFo: orange
@ EGFR DIlli: navy blue




Asymmetric |

Introduction Receptor Ligands Conclusions

TGFoa Binding: Site 3

Hydrogen Bonds O  TGFo: orange
@ EGFR DIlli: navy blue

’ v
of

Consensus tRCEHADLL
Conservation |

TGFA_HUMAN ARCIE
TGFA_MOUSE VRCIE
TGFA_CHICK T
TGFA_XENOPUS T
TGFA_DANRE M
SPITZ_DROME Q

D
D
D
D
D
D
E




Introduction

Receptor

Ligands

Asymmetric dimerization

> EREG Binding

Asymmetric dimer Symmetric dimer
l
(weak) (strong)
b [
|
EREG @ EREC |  eor@ EGF
|
(
@W:- 1 @
!
— —

Figure 7: Different dimerizations. Freed DM et al. Cell 2017 ‘

Conclusions

Dimerization

Symmetric



http://paperpile.com/b/Xz9rPZ/Y3H9

Introduction Receptor Ligands Conclusions

| Symmetric

Symmetric vs. Asymmetric

2 = i I
NYY T A
W A’,‘ , a“ ‘///)\‘
Sc=4.72 .’/’ 8 g
c=4. A v) ©
RMS = 2.34 ’,t,gl f/&’\ b— O Symmetric
Len = 1388 R O  Asymmetric
nfit = 767 2T
il
| SN
\ )p \\.""\/_x
PDB ID: 3NJP ) /ﬂ PDB ID: 5WB7
(X-RAY 3.30 A) / | (X-RAY 2.94 A)

2 Y



Introduction

Receptor Ligands

Dimerization

| Symmetric

EREG Binding

Oooo

EREG: dark red

EGFR DIl: dark magenta
EGFR DIll: navy blue
EGFR DIV: dim gray

PDB ID: 5WB7 X-RAY 2.94 A

oo

Conclusions

EREG: dark red

EGFR DIl: magenta
EGFR DIIl: medium blue
EGFR DIV: dark gray



Introduction Receptor Ligands Conclusions

| Symmetric

EREG Binding: Site 1

O EGFRDI : spring green
Hydrogen bonds Q  EREG:dark red




Introduction Receptor Ligands Conclusions

| Symmetric

EREG Binding: Site 1

O EGFRDI : spring green

Hydrogen bonds Q  EREG:dark red
101
Consensus mdEhyCR v |
& Conservation

¥ ” | EREG_HUMAN
vsate ) ’ EREG_MOUSE
» \ EREG_CHICK

EREG_XENOPUS L

N e }T—‘: EREG_NOTHO M

 MF WA

eloleolelel [@
MmO mm ™




Introduction Receptor Ligands Conclusions

| Symmetric
/7

EREG Binding: Site 1
Hydrogen bonds

a EREG: dark red

WA

Difference between left and right due to its asymmetry



Introduction Receptor Ligands Conclusions
sy -ﬁ@

EREG Binding: Site 1
Hydrogen bonds

111 121 eA
Consensus GytGvRCeHf el

22554 4 Conservation
\urh, @) EREG_HUMAN
\ | EREG_MOUSE © Y|
EREG_CHICK Fls
o

[,_

2 °T) T

{
[} — < ™ <
D000

EREG_XENOPUS
EREG_NOTHO =

OO0
MM MmMm _
=<Mmmm
2110\ ponall pstl) ) 5

) EAm O TEm i 1
—-b"

a EREG: dark red

XV

Difference between left and right due to its asymmetry



Conclusions

p—

a EGFR DIIIL: navy blue
[ EREG: dark red 2 EGFR DIII; medium blue

EREG Binding: Site 2
Salt bridge

\ 22823.111&2.5511\

e

ARG 40.H



Introduction Receptor | Ligands Conclusions

| Symmetric

EREG Binding: Site 2
Salt bridge

a EGFR DIIIL: navy blue
[ EREG: dark red 2 EGFR DIII; medium blue

SP 355.A
@ ASP 355.A
24A \"bA /2.239A
/293 \ // 2200 111ARS51A
© Consensus VRCeHf N/ N
Conservation
EREG_HUMAN |V
EREG_MOUSE |-
—F EREG _CHICK |V
o EREG_XENOPUS| |

44\, i EREG_NOTHO S
Y \




Introduction Receptor | Ligands Conclusions

| Symmetric

EREG Binding: Site 3

Hydrogen bonds O EGFRDIIL: navy blue
2 EREG: dark red o EGFR DIl medium blue

—— v

E \ w‘ \.\,\.%_ueA \
2345A 2.092A N
‘ \
\.,

4.A 384.A

& A W -y




Introduction Receptor Ligands Conclusions

| Symmetric

EREG Binding: Site 3

Hydrogen bonds O EGFR DIII: navy blue
2 EREG: dark red o EGFR DIl medium blue

Consensus VRCeHT
Conservation

EREG_HUMAN |V R CIE[HIF
EREG_MOUSE |- RC|E|HIF
EREG_CHICK V R CJV]IH|S
EREG_XENOPUS| | R C|S|H|A
EREG_NOTHO |S R C|E[H|L




Conclusions

| m—_
EREG Binding: Site 3

H @ EGFR DIl : navy blue
Hyd rophoblc pOCket (| EREG: dark red (W EGFR DIII:: medium blue

\ . I PHE 45.H

LEU 46.E




Introduction Receptor Ligands Conclusions

| Symmetric

EREG Binding: Site 3

H @ EGFR DIl : navy blue
Hyd rOphObIC pOCket o EREG: dark red (W EGFR DIII:: medium blue

Consensus
Conservation
EREG_HUMAN
EREG_MOUSE
EREG_CHICK
EREG_XENOPUS
EREG NOTHO |S

F, L: Hydrophobic Residues



Introduction Receptor Ligands Conclusions

Biological implications

Asymmetric dimer
(weak)
onp

Symmetric dimer
(strong)

= sustained =2
s [
= = transient
w ]
time time
G &
Al e
o— 4 .U | &
e °a.
S - J
%

differentiation ~ MCF-7 proliferation  MCF-7

Figure 7: Different dimerizations. Freed DM et al. Cell 2017


http://paperpile.com/b/Xz9rPZ/Y3H9

Conclusions



q

Take Home Messages

The EGFR and its ligands are highly conserved among the species

Still much to discover




Introduction Receptor Ligands Dimerization .
Conclusions

Future implications

PEM questions ‘

Future implications

2002 first complete crystallization of extracellular region.
= Understanding of cancer progressiveness
-> Development of new therapeutic targets and better drugs

= |

=uuilll

2002 2021
Figure 8: EGFR - Search Results - [PubMed] (n=101,389 results)

88,489 results



http://paperpile.com/b/Xz9rPZ/Jgf7

Conclusions

PEM questions

PEM questions

1. On the extracellular region of the EGFR, :s’:bz;?e;\;\am residue of EGF that has been conserved through

the structure of the Domains | and lll is:

. a) Aspartic acids because they are needed to do disulfide
a) Beta-helix bonds.
b)  Tim barrel b)  Aspartic acids because they are needed to do hydrophobic
c) Greek-key contacts.
d) ?\lelly rol]l he ab c) Cysteins because they are needed to do salt bridges.
e) one of the above. d) Cysteins because they are needed to do disulfide bonds.
e) Cysteins because they are needed to do hydrogen bonds.
2. On the extracellular region of the EGFR
the cysteine-rich domains are: 4, Regarding high and low affinity ligands of EGFR...
a) Domains|and IIl. a) EGF and TGF-alfa are high affinity ligands and EREG is a
b)  Domainslland IV. ) low affinity ligand. . Y9
c) Domains|, Il and lII. b) EGF and EREG are high affinity ligands and TGF-alfa is a
d) Domains i, Il and IV. low affinity ligand.
e) Allof them. c) TGF-alfa and EREG are high affinity ligands and EGF is a
low affinity ligand.
d) EGF, TGF-alfa and EREG are high affinity ligands.
e) EGF, TGF-alfa and EREG are low affinity ligands.
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5. The interactions between EGF and EGFR are:

n O w
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)
)
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6. What ligands of EGFR induce the asymmetric

Loop A with site 1, loop B with site 2, loop C with
SLE?;S'B with site 1, loop A with site 2, loop C with
SLgce)S'A with site 1, loop C with site 2, loop B with
Z}EE};C with site 1, loop B with site 2, loop A with

Loop A and B with site 1; loop C with site 2 and 3.

dimerization of the receptor?

a

Q o T

)
)
)
)
)

D

EGF

TGF-alfa

EREG

All of the above.
None of the above.

Conclusions

PEM questions

7. Which of the following domains is characterized
by a dimerization arm?

a) Domain |

) Domain Il

) Domain Il
d) Domain IV

) Domains |l and Il

8. On the extracellular region of the EGFR, the
conformational change from tethered to extended
implicates a movement of:

a) 50°
b) 70°
c) 95°
d) 130°
e) 165°
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PEM questions

9. How many described ligands does EGFR have in humans?

a) 3
b) 12
c) 5
d) 20
e) 7

10. Which domains interact in the tethered conformation of EGFR?

a) Domainll

b) Domain IV

c) Thetwo above
d) Domain lll

e) All of them
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Figure 8 and 9: Differences between left and right side interactions between epiregulin and EGFR. Freed DM et al. Cell 2017.
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