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INTRODUCTION

    Receptor Tyrosine Kinases1   EGFR Family2

Signaling Pathways3   EGFR Family and Disease4

  EGFR Receptor (ErbB1)5   EGFR Extracellular Domain6



1. RECEPTOR TYROSINE KINASES
● Key regulators of normal cellular processes
● Critical role in the development of cancer

Class Family

I EGFR receptor

II Insulin receptor

III PDGF receptor

IV VEGF receptor

V FGF receptor

VI CCK receptor

VII NGF receptor

VIII HGF receptor

…
Adapted from Yeqing He et al, 2021



2. EGFR FAMILY

Adapted from Mark A. Lemmon et al, 2014

Receptors
Her1/ErbB1

Her2/ErbB2

Her3/ErbB3

Her4/ErbB4
Ligands

EGF

TGF-𝜶

BTC

HB-EGF

EREG

EPGN

AREG

High 
Affinity

Low 
Affinity



3. SIGNALING PATHWAYS

Mark A. Lemmon et al, 2014

Direct activation or via 
adaptor proteins of:

● Ras/MAPK
● PI3K/Akt
● PLC𝛄1/PKC
● STAT



4. EGFR FAMILY AND DISEASE
Aberrant signalling by ErbB receptors is associated with human disease, specially with 
different types of cancer:

Gene Malignancy Alteration

EGFR Breast cancer Gene amplification

Glioblastoma multiforme Extracellular domain deletions and mutations
Gene amplification

Non-small cell lung cancer Kinase domain mutations

Others Gene amplification

Her2/ErbB2 Breast cancer Gene amplification

Non-small cell lung cancer Kinase domain mutations

ErbB4 Multiple Kinase domain mutations



5. EGFR RECEPTOR (ErbB1)

Extracellular 
module

Membrane

Intracellular 
module

Ligand-binding 
head

Domain IV 
leg

Transmembrane 
helix

Kinase domain

C-terminal tail



6. EGFR EXTRACELLULAR DOMAIN

ID 3NJP

Resolution 3.3 Å

Domain I

Domain II

Domain III

Domain IV

622 residues
68,699.3 Da

Ligand (EGF)



EGFR STRUCTURE

SCOP Classification1   Domains I and III2

Domains II and IV3 MSA and Phylogeny4



Class Alpha and beta proteins (a/b)

Fold Leucine-rich repeat, LRR 
(right-handed beta-alpha superhelix)

Superfamily
L domain-like 
(less regular structure consisting of variable 
repeats)

Family L domain

Protein EGF receptor extracellular domain

Species Homo sapiens

1. SCOP CLASSIFICATION

Class Small proteins

Fold
Knottins
(disulfide-bound fold, contains beta hairpin with 
two adjacent disulfides)

Superfamily Growth factor receptor domain 

Family Growth factor receptor domain

Protein EGF receptor Cys-rich domains

Species Homo sapiens

Domains I and III Domains II and IV



2. DOMAINS I and III
Domain I

Domain III



3. DOMAINS II and IV

Domain IV

Domain II



4. MSA and PHYLOGENY
BLAST

PSSM

Selection of UNIPROT sequences from
/ ● Human

● Mouse
● Chick
● Drosophila
● Bee



LIGANDS STRUCTURE

 SCOPE + EGF structure1  EGF MSA and phylogeny2

TGF-𝛼 structure3   TGFA-𝛼 MSA and phylogeny4

  EREG structure5   EREG MSA and phylogeny6

Ligands superimposition7



1.1 SCOP CLASSIFICATION

Class Small proteins

Fold Knottins
(disulfide-bound fold, contains beta hairpin with two adjacent disulfides)

Superfamily EGF/laminin

Family EGF type module

Protein Epidermal growth factor (EGF)

Species Homo sapiens

Epidermal growth factor (EGF)



PDB: 3NJP

1.2 EGF STRUCTURE

Cysteines and disulfide bonds

A loop

B loop

C loop

EGF: ORANGE



2. EGF MSA AND PHYLOGENY
BLAST

PSSM

Selection of UNIPROT sequences from
/

● Human
● Pig
● Dog
● Cat
● Rat
● Mouse



3. TGF-ɑ STRUCTURE

A loop

B loop

C loop

Cysteines and disulfide bonds

PDB: 1MOX

EGF: ORANGE
TGF-A: CYAN



4. TGF-ɑ MSA AND PHYLOGENY
BLAST

PSSM

Selection of UNIPROT sequences from
/ ● Human

● Pig
● Sheep
● Rabbit
● Mouse



5. EREG STRUCTURE

A loop

B loop

C loop

Cysteines and disulfide bonds

PDB: 5WB7

EGF: ORANGE
EREG: PURPLE



6. EREG MSA AND PHYLOGENY
BLAST

PSSM

Selection of UNIPROT sequences from
/

● Human
● Chimpanzee
● Pig
● Cat
● Rat
● Mouse
● Chick



EGF TGF-α SuperimpositionEpiregulin

7. LIGANDS SUPERIMPOSITION

PDB: 3NJP, 1MOX, 3WB7

+ +



Score 8.34

RMSD 1.27

Len 48

nfit 42

7. LIGANDS SUPERIMPOSITION

Data: STAMP



7. LIGANDS SUPERIMPOSITION
Disulphide bonds



7. LIGANDS SUPERIMPOSITION
Disulphide bonds



7. LIGANDS SUPERIMPOSITION
Disulphide bonds



DIMERIZATION AND 
INTERACTIONS

Autoinhibited monomeric conformation1 Dimerization2

Symmetrical vs Asymmetrical dimerization3

Symmetrical3.1.

Asymmetrical3.2.



EGFR-EGF
1. AUTOINHIBITED MONOMERIC CONFORMATION

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
EGF: ORANGE PDB: 1NQL

EGB-binding at 
low pH conditions



EGFR-EGF SURFACE

1. AUTOINHIBITED MONOMERIC CONFORMATION
Tethered dimerization arm

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
EGF: ORANGE

PDB: 1NQL

Domain II

Domain IV



1. AUTOINHIBITED MONOMERIC CONFORMATION
Tethered dimerization arm

EGFR DII: BLUE
EGFR DIV: GREEN

PDB: 1NQL



Dimerization
Conformation 

change

2. DIMERIZATION

90º

Tethered 
dimerization arm

Monomeric 
conformation

Dimeric 
conformation

130º

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
EGF: ORANGE PDB: 1NQL, 3NJP



PDB: 5WB7 PDB: 1MOX

3. SYMMETRICAL VS ASYMMETRICAL DIMERIZATION

EGFR-EREG 
asymmetrical

EGFR-TGF alfa
symmetrical

7 Å 



PDB: 5WB7 PDB: 1MOX

3. SYMMETRICAL VS ASYMMETRICAL DIMERIZATION

EGFR-EREG 
asymmetrical

EGFR-TGF alfa
symmetrical

Data: STAMP

Score 6.69

RMSD 2.51

Len 1121

nfit 990



EGFR DIIR: ORCHID
EGFR DIIL: PURPLE

PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
Receptor-Receptor interactions: DOMAIN II - DOMAIN II



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
Receptor-Receptor interactions: DOMAIN II - DOMAIN II

EGFR DIIR: ORCHID
EGFR DIIL: PURPLE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
EGF: ORANGE

Site 1

Site 2

Site 3



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding: S1 Hydrogen bonds - DOMAIN I

EGFR DI: OCHRE
EGF: ORANGE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding S1: Hydrophobic contacts - DOMAIN I

EGFR DI: OCHRE
EGF: ORANGE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding S2: Salt bridge - DOMAIN III

EGFR DIII: ORCHID
EGF: ORANGE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding S2: Hydrophobic contacts - DOMAIN III

EGFR DIII: ORCHID
EGF: ORANGE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding S3: Hydrogen bonds - DOMAIN III

EGFR DIII: ORCHID
EGF: ORANGE



PDB: 3NJP

3.1. SYMMETRICAL DIMERIZATION
EGF binding S3: Hydrophobic contacts - DOMAIN III

EGFR DIII: ORCHID
EGF: ORANGE



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding

PDB: 1MOX

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrogen bonds - DOMAIN I

PDB: 1MOX

EGFR DI: OCHRE
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrogen bonds - DOMAIN I

PDB: 1MOX

EGFR DI: OCHRE
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophobic contacts - DOMAIN I

PDB: 1MOXEGFR DI: OCHRE
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophobic contacts - DOMAIN I

PDB: 1MOX

EGFR DI: OCHRE
TGF ALFA: CYAN
<



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophobic contacts - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Salt bridge - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophobic contacts - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophilic region - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophilic region - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: Hydrophobic pocket - DOMAIN III

PDB: 1MOX

EGFR DIII: ORCHID
TGF ALFA: CYAN



3.1. SYMMETRICAL DIMERIZATION
TGF-ɑ binding: C-terminal - DOMAIN I and III 

PDB: 1MOX

EGFR DI: OCHRE
EGFR DIII: ORCHID
TGF ALFA: CYAN



3.2. ASYMMETRICAL DIMERIZATION
EREG Binding

EGFR DI: OCHRE
EGFR DII: BLUE
EGFR DIII: ORCHID
EGFR DIV: GREEN
EREG: PURPLE

PDB: 5WB7



3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Receptor-Receptor interactions

PDB: 5WB7

EGFR DIIL: BLUE
EGFR DIIR: SKY BLUE



3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN I (left)

EGFR DIL: OCHRE
EREG: PURPLE

PDB: 5WB7



3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN I (left)

EGFR DIL: OCHRE
EREG: PURPLE

PDB: 5WB7



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN I (right)

EGFR DIR: OCHRE
EREG: PURPLE

PDB: 5WB7



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN I (right) 

EGFR DIR: OCHRE
EREG: PURPLE



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Salt bridge - DOMAIN III (left)

EGFR DIIIL: ORCHID
EREG: PURPLE



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Salt bridge - DOMAIN III (right)

EGFR DIIIR: ORCHID
EREG: PURPLE



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN III (left)

EGFR DIIIL: ORCHID
EREG: PURPLE



PDB: 5WB7

3.2. ASYMMETRICAL DIMERIZATION
EREG Binding: Hydrogen Bonds - DOMAIN III (right)

EGFR DIIIR: ORCHID
EREG: PURPLE



CONCLUSION

The functions of EGFR, such as intracellular signalling, represent a predominant role in 
many tissues. 

Alterations in this protein have been reported to be responsible for several types of 
human cancer

EGFR is a relatively big protein, and it is very conserved in the animal kingdom.

Its ligands are also conserved and present high structural similarities. However, its 
binding can induce different receptor conformations, thus enabling variated cellular 
responses.

1

2

3

4
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PEM QUESTIONS



1. Where is the EGFR tyrosine containing tail located?

a) In the transmembrane domain
b) In the N-terminal tail
c) In domain II of the extracellular portion
d) In the intracellular C-terminal tail
e) EGFR does not have a Tyr-containing tail

 2. Which EGFR family member does not have any known ligand but still dimerizes?

a) Her3
b) EGFR
c) ErbB2
d) ErbB4
e) All receptors have a known ligand that they need for dimerization



3. Which domain of EGFR contains the dimerization arm?

a) Domain I
b) Domain II
c) Domain III
d) Domain IV
e) EGFR does not dimerize

4. According to SCOP classification, which is the fold corresponding to domains I and III of 
the EGFR?

a) Leucine-rich repeat
b) Knottin
c) Greek key
d) Beta barrel
e) None of the above is true



5. How many disulfide bonds do EGFR ligands present intramolecularly?

a) 2
b) 8
c) 0
d) 5
e) 3

6. EGF structure is divided into 3 loops. What does determine this division?

a) They have different conformation
b) They are determined by hydrogen bonds
c) The division corresponds to their function
d) They are determined by disulfide bonds
e) The researchers that first crystallized the receptor decided so



7. EGF binds to EGFR by 3 sites. These correspond to:

a) Site 1: the B-loop binds to the domain I of the receptor. Site 2: the A-loop binds to the domain III of 
the receptor. Site 3: the C-loop binds to the domain III of the receptor 

b) Site 1: the C-loop binds to the domain I of the receptor. Site 2: the A-loop binds to the domain II of 
the receptor. Site 3: the B-loop binds to the domain III of the receptor 

c) Site 1: the A-loop binds to the domain I of the receptor. Site 2: the A-loop binds to the domain III of 
the receptor. Site 3: the B-loop binds to the domain III of the receptor 

d) Site 1: the B-loop binds to the domain I of the receptor. Site 2: the A-loop binds to the domain II of 
the receptor. Site 3: the C-loop binds to the domain III of the receptor 

e) None of the above

8. Which are the domains involved in the tethered dimerization arm, which inhibits 
dimerization following EGF binding?

a) Domain I and Domain II
b) Domain III and Domain IV
c) Domain II and Domain III
d) Domain II and domain IV
e) Domain III and domain V



9. EGF binding is found to induce an inhibited monomeric form of the receptor due to:

a) Temperatures below 0º C
b) Low pH conditions
c) High pH conditions
d) Neutral pH conditions
e) Temperatures above 100º C

10. Which ligand of EGFR induces asymmetric dimerization?

a) TGF-alpha
b) EGF
c) EREG
d) All of the above
e) None of the above
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EXTRA SLIDES



1. EGFR MSA



1. EGFR MSA



1. EGFR MSA



1. EGFR MSA



1. EGFR MSA



1. EGFR MSA



2. EGF MSA



2. EGF MSA



2. EGF MSA



2. EGF MSA



2. EGF MSA



3. TGF-ɑ MSA



4. EREG MSA



5. EGF UNIPROT vs. PDB sequence


