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INTRODUCTION




G proteins

e Guanine nucleotide-binding proteins: they can bind GTP and hydrolize it to GDP.

e They act as a molecular switch: active when bound to GTP, inactive when bound to GDP.
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G proteins - Classification

Monomeric G proteins

Ras superfamily of GTPases
Small proteins (20-25 kDa)
Homologous to the a-subunit

Cytosolic

Heterotrimeric G proteins

G,G

Divided into 4 families: G, G, , @ G

Large complexes (-85 kDa)

3 subunits: a, B, y

Membrane-bound (GPCRs)



G Protein-Coupled Receptors (GP(Rs)

Center of signaling pathways that control many essential processes, ranging from vision to carcinogenesis.

Target of 20-50% of current drugs

Glutamate family

Rodhopsin family

Adhesion family

Frizzled family

Secretin family

GRAFS classification of GPCRs in vertebrates

12 GPCRs, including metabotropic glutamate
receptors, GABA,, and Ca?* sensing receptors.

719 GPCRs (~80%), including receptors for most
hormones and neurotransmitters.

33 GPCRs

11 GPCRs, including receptors for the frizzled
protein family and smoothened.

15 GPCRs.

G protein

PDB-101: GPCR (Molecule of the Month)



G Protein-Coupled Receptors (GP(Rs)

N-terminus
(ectodomain)

7TM domain

C-terminus
(endodomain)




Heterotrimeric G proteins

Upon activation of the GPCR, the a subunit exchanges GDP
for GTP, dissociates from the 3/y complex and goes on to
regulate its target. The R/y complex can also act as a
signaling molecule.

FAMILY SIGNAL TRANSDUCTION

Activates adenylate cyclase

Inhibits adenylate cyclase
Activates phospholipase C
Activates Rho family of GTPases

Many proteins: PLA, Ca?* channels, Ref

PDB-101: G-protein (Molecule of the Month)



Heterotrimeric G proteins

subunit
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Monomeric G proteins - Ras
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Schubbert S, Shannon K, Bollag GHyperactive Ras in developmental disorders and
cancer. Nat Rev Cancer 7:295-308.




Monomeric G proteins - Ras
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Tyrosine Kinase Receptors

Tyrosine kinases catalyse the transfer of a phosphate of
group ATP to a hydroxyl group of serine or threonine
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Single transmembrane domain
Glycosylated N-terminal extracellular
domain with a high number of
disulfide bonds.
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Family name Members

EGFR EGFR, ERBB2, ERBB3
ERBB4

Insulin R INSR IGFR

PDGFR PDGFRa, PDGFRf, M-CSFR,
KIT, FLT3L

VEGFR VEGFR1, VEGFR2, VEGFR3

FGFR FGFR1, FGFR2, FGFR3,
FGFR4

ccK CCK4

NGFR TRKA, TRKB, TRKC

HGFR MET, RON

EPHR EPHAlto 6, EPHBl1to 6

AXL AXL, MER, TYRO3

TIE TIE, TEK

RYK RYK

DDR DDR1, DDR2

RET RET

ROS ROS

LTK LTK, ALK

ROR ROR1, ROR2

MUSK MUSK

LMR AATYKI, AATYK2, AATYK3

Undetermined RTK106

Molecular characteristics of the

extracellular domains

2 cysteine-rich domains

2 chains a and B, with one cysteine-rich and 2

FNIIl domains

5 Ig-like domains

7 lg-like domains

3 Ig-like domains, 1 acidic box

7 Ig-like domains
2 Ig-like domains, rich leucin domains

1 transmenbrane a chain linked with one

extracellular B chain

1ig-like, 1 cysteine-rich and 2 FNIil-like

domains
2 Ig-line, 2 FNIll-ike domains
2 Ig-like, 1 EGF, and 3 FNIll-like domains

1 transmenbrane B chain linked with one

extracellular a chain
1 discoidin-like domain
1 cadherin-like domain
6 FNIll-like domains
1 cysteine-rich domain

1 Ig-domain, 1 cysteine-rich domain and one

kringle-like domains
4 Ig-like and 1 cysteine-rich domains
A short extracellular domain

A short receptor chain with a short extracellular

domain



TKR - Extracellular domain

e lts dimerization is
essential for ligand
recognition

e |ts composition defines
ligand specificity

EGFR INSH FGFR1 PDGFRa VEGFR1 Mot TrkA Al Tw  Eph vk  DPDR Ros et Lth  Rorl  Torpedo  Torso
Erbp2 IGFIR  FOFR2 PDOFI$ VEGFR2Z Ron TrhBE  Mer T2 Eck Ak Ror2
ErbBs IRR FGFR3 C3FIR VEGFR3 Sea TrhC  Sky Eck
Erbii FGFREA Kit Erk
Kit2 Elk

F' Kinaso l Cystedme-rich Flbwmﬂlulll‘- Ehk2 O EGF ke . Factor Vil o @ Cirlike
1Glike  Acidbox B Leucinerich Sk ® citein § cignerich @ Kringo




TKR - Cytoplasmic domain

e \With tyrosine kinase activity

e Formed by:
o Amino-terminal lobe :
5-stranded g-sheet + 1 a-helix
o Carboxy-terminal lobe: a-helical

e Variable lengths amongst families —
specificity of intracellular signals




TKR - Cytoplasmic domain




TKR - Cytoplasmic domain




TKR - Cytoplasmic domain




TK RECEPTORS



EGFR

e Family: ErbB receptors

e  Subfamily:
- EGFR
- Her2/neu
-  Her3
- Her4d

e Important in epithelial and
cardiac development and
nervous system.

PDB-101: EGFR (Molecule of the Month)
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nteraction EGF-EGER
Jomain |




nteraction EGF-EGFR 13 Phe3s?
Jomain |l - +

Arg41* — Asp355




Interaction Rc-Re: S-Hairpin

Domain Il gathered

Score: 6,12
RMSD: 1,24



Interaction Receptor-Receptor




EGFR alignment

MOUSE
PIG

cow
CHICKEN
HUMAN

MOUSE
PIG
Cow
CHICKEN
HUMAN

MOUSE
PIG

COow
CHICKEN
HUMAN

EGF-EGFR
M— RPSGTART——-TLLVLLTALCAAGGALEEKKVCQGTSNELT QL
----------- AGGA---ALLALLAAHFQASPALEEKKVCQGTSNELT QL
------ MKKHELLCQGTSNHLTQL
MGVRSPLSASGPRGAAVLVLLLLLLGRVALCSAVEEKKVCOGTNN LioL
M-————— RPSGTAGA---ALLALLAALCPASRALEEKKVCQGTSNE LI QL
O SR TRt £ Lo

p- hairpin
TGPRESDCLVCQKFQDEATCKDTCPPL IMDVNPEGKYSFGAT
TGPRESDCLVCRRFRDEATCKDTCPPL IMDVNPLGKYSFGAT
TGPRESDCLVCRRFRDEATCKDTCPPL EMKVNPLGKYSFGAT
TGPRESDCLACRKFRDDATCKDTCPPL IMDVNPEGKYSFGAT
TGPRESDCLVCRKFRDEATCKDTCPPL IMDVNPEGKYSFGAT
ok AR KA K D 1K DK Rk Rk ok ROk okokk Rk K

Receptor-receptor

TGPRESDCLVCQKFQDEATCKDTCPPLMLYEIP QMDVNPEGKYSFGAT
TGPRESDCLVCRRFRDEATCKDTCPPLMLYLIP QMDVNPLGKYSFGAT
TGPRESDCLVCRRFRDEATCKDTCPPLMLYDP EMKVNPLGKYSFGAT
TGPRESDCLACRKFRDDATCKDTCPPLVLYLHIP QMDVNPEGKYSFGAT
TGPRESDCLVCRKFRDEATCKDTCPPLMLYLHIP QMDVNPEGKYSFGAT
Feok ok kAR K 1K DK 3 kokokokKoR KKK T Kok |k kKoK 1k, koK kokkok Kok Kok




PDGFR

e PDGF receptors

e C(lass llLreceptor tyrosine kinases (RTKs):
PDGFRa
PDGFRB
KIT
FMS
FLT3
e Importance in gastrulation, development
of many organs, early hematopoiesis and
blood vessel formation.




PDGFR

= Extracellular domain
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™ — Cellular membrane
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Interaction PDGF-PDGER

Disulfide-
— bonded
dimers

Extracellular
domain

Transmembrane

domain
Intracellular
domain




Interaction PDGF-PDGER

Pnéﬁapp




Interaction PDGFR-PDGER

KIT




PDGFR-BR alignment

HUMAN

BOS TAURUS
SUS SCROFA
MUS MUSCULUS

HUMAN

BOS TAURUS
SUS SCROFA
MUS MUSCULUS

HUMAN

BOS TAURUS
SUS SCROFA
MUS MUSCULUS

Y207

GIFEDRSYICKTTIGDREVDSDS YYVYI LQVSSINVSVNAVQTVVRQGENITLMCIVIGN

GTFEDKTYICKTTIGDREVDSDs YHVY! LQVSSINVSVNAVQTVVRQGENITIMCIVTGN

GTFEDKTYVCKTTIGDREVDSD) YYVY! LQVSSINVSVGAVQTVVRQGENITVMCIVTGN

GTFEDKTYICKTTIGDREVDSD  YYVY! LQVSSINVSVNAVQTVVRQGESITIRCIVMGN

FOAROR AR AR AORAORAORRAORROR AR | K HOKT RRORRRORRORROR  ORROR ROk Rk ok Fkk ok
D2 aromatic residues

R385 E390

SAGEIALSTRNVSETRYVSELT _.VRVKVAE/ GHYTMRAFHEDAEVQLSFQLQINVPVRVL
SAGEIVLSTRNVSETRYVSELT .VRVKVAE/ GYYTMRAFHEDAEAQLSFQLQVNVPVRVL
GAGEIALSTRNVSETRYVSELT .VRVKVAE/ GRYTMRAFHEDAEAQISFQLQVNVPVRVL
GAGELVLSTRNMSETRYVSELI .VRVKVSE/ GYYTMRAFHEDDEVQLSFKLQVNVPVRVL
dokk  ckokokkok skokkskokoRokk | okokokokok kol sk skolokakokokokok ok ckok skskokolokakakokokok

JM segment

Y740 Y751

LPVGLPLPSHVSLTGESDG( Y1 IDMSKDESV)Y|/PMLDMKGDVKYADIESSNYMAPYDNYV
LPVGLPLPSHVSLPGESDG( Y IDMSKDESV)Y|/PMLDMKGDVKYADIESSNYMAPYDNYV
LPVGLPLPSHVALPGESDG( Y IDMSKDESV)Y|/PMLDMRGDVKYADIQPSGYMAPYDNCV
LPVGFSLPSHLNLTGESDG( Y1 IDMSKDESIY|/PMLDMKGDIKYADIESPSYMAPYDNYV
dokkok olokokk ok skokokokoks ok slokokokakolok ok okololokok ok skokokokok AokokkkRK K

kinase domain
(autophosphorylation sites)



Insulin Receptor

e Activated by insulin, IGF-I and IGF-II.
e Key role in the regulation of glucose homeostasis.
e Dimer in the basal state.

e Activation of Ras through IRS.

N QY R Q
NI & NI X Q>§
N F 9 S KRS S

PDB-101: IR (Molecule of the Month)




Fnlll-1

S ),

Fnlll-2

ID

CR



IR

Leucine-rich domains




Cysteine-rich domain




Il

C-term

E B A G F CD

Fnlll-3

Fnlll-2

Fnlill-1

(B-sandwich, 4-on-3)



a-chain a-chain

IR dimer a
CR
| ; I 2to 4
disulfide bonds a-a
B-chain N | PEchain
— Fnlll-1 —
ID-B i ID-B
Fnlll-2p N Fnlll-2a Fnlll-28
P s PN . e
acr jm 1 disulfide bond a-B
Fnlll-3 Fnlll-3
|
™ Membrane ‘TM
M M
Kinase Kinase
Interaction aCT-L1 Disulfide bond



IR dimer

Triplet C682, C683, C685 - not represented in the PDB



IR dimer

R1: oCT

ke ﬁ A

Hydrophobic interactions

Electrostatic interactions
(charge-compensating cluster)



IR dimer

Hydrophobic pocket

&



Insulin binding

Chain B

C19.B




Insulin binding

e 2 binding sites: aCT-L1 (site 1), junction of
Fnlll-1 and Fnlll-2 (site 2).

Insulin

e Induces a conformational change in the receptor
that activates the TK domain. CR

ACTIVATION SCHEME

Site 2 Site 1/
%.{
L
Site 1 Site 2/

Inactive receptor
conformation

Receptor molecules in

the active state Kiselyov V, Versteyhe S, Gauguin L, De Meyts P. Harmonic oscillator model of the insulin and
IGF1 receptors’ allosteric binding and activation. Molecular Systems Biology. 2009;5.




Insulin binding

Hydrophobic pocket




Insulin binding
W W




Insulin binding

Hydrophobic pocket




R species alignment

L1 domain

ID + aCT domain

HUMAN
PIG

cow
MOUSE
CHICKEN

HUMAN
PIG

cow
MOUSE
CHICKEN

HUMAN
PIG

cow
MOUSE
CHICKEN

MATGGRRGAAAAPLLVAVAALLLGAAGHLYPGEVCPGMDIRNNLTRLHEL
MGAGGRRGAAALPLLVAVAALLVSAAGHLYPGEVCPGMDIRNNLTRLHEL

=] SR — LESLCPGMDIRNNLTRLHEL
MGFGRGCETTAVPLLVAVAALLVGTAGHLYPGEVCPGMDIRNNLTRLHEL
MGPRA————-— AAAAVVAVAAVLAACGGR-——AEICRSMDIRNNLTRLSLL
* « 2K LRRRRkkkkkk Xk

ENCSVIEGHLQILLMFKTRPEDFRDLSFPKLIMITDY|.LLFRVYGLESLK
ANCSVIEGHLQILLMFKTRPEDFRDLSFPKLIMITDY|.LLFRVYGLESLK
ANCSVIEGHLQILLMFKTRPEDFRDLSFPKLIMITDY _LLFRVYGLESLK
ENCSVIEGHLQILLMFKTRPEDFRDLSFPKLIMITDY|.LLFRVYGLESLK
ENCTVIEGHLQILLMFKTKPEDFRELSFPKLTMITDY[.LLFRVYGLESLK

kok §okokokokokokokokokkokokkk §kokokokok §okokskokoksk  skokskokokokkokokskkok sk kok sk k k

DLFPNLTVIRGSR|.FFNYALVIFEMVHLKELGLYNLMNITRGSYRIEKNN
DLFPNLTVIRGSR|.FFNYALVIFEMVHLKELGLYNLMNITRGAVRIEKNN
DLFPNLTVIRGSR|_.FFNYALVIFEMVHLKELGLYNLMNITRGSYRIEKNN
DLFPNLTVIRGSR|.FFNYALVIFEMVHLKELGLYNLMNITRGSYRIEKNN
GLFPNLTVIRGTHILFFNYALVIFEMVHLKEIGLYNLMNITRGAYRIEKNN
& RoRoKokokokskokokok T3 RokokRkokkokokokkokkkokskk § skokkkokskkskskkk §kkokkkokok

HUMAN
PIG

cow
MOUSE
CHICKEN

QSEYEDSAGECCSCEKTDSQILKELEESSFRKTFEDY LHNV/FVPRKTSS
QSEYEESSGECCSCFKTDSQILKELEESSFRKTFEDY _HNVY/FIPRKSSS
QSEYEESAGECCSCFKTDSQILKELEESSFRKTFEDY _HNVY/FIPRKSSS
QSEYDDSASECCSCFKTDSQILKELEESSFRKTFEDY LHNVY/F\P————-
QSESEDVSGECCSCEKTDSQIQKELEESAFRKTFENY LHNEVF\VP———--
kokko DL L kekekekekskskokokskokk kskskskokk §kskskckokk §okekkk kk Dok




THE RAS G PROTEIN

Grbe2 | SOS | Ras | GAP



LRBZ




LRBZ

SH3 domains

Ah -
RS D12




Son of Sevenless (S0S)

Sos protein consists of several
domains:

Histone-like domain (HD)

Db1 homology domain (DH)
Pleckstrin domain (PH)

Helical linker domain (HL)

Ras exchanger motif (REM)
Catalytic GEF domain (CDC25)




505 - (DC23 domain a7 505

% - Hydrophobic side chain
| \ - Acidic side chain
] / | “’




Ras structure




Ras G domain ~_+7 g~

G1: P-Ioop)

G3: Switch Il

<G4: NKxDL
( G5: SAK
(GZ: Switch |




Ras alignment

Canis
Saccharomyces
Homo

Rattus

Canis
Saccharomyces
Homo

Rattus

Cantis
Saccharomyces
Homo

Rattus

G1 G2
SSLFKVILLGDGGVGKSSLMNRYVTNKFDT-Q- - - - - - - LFHTIGVEFLINKDLEVDGHFV
- TEYKLVVVGAVGVGKSALTIQLIQNHF -V -DEYDPTIE - - - - - - - DSYRKQVVIDGETC
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEY - - - - - - - D-PTI-EDSYRKQVVIDGETC
MREYKLVVLGSGGVGKSALTVQFVQGIFVE-K- - - - - -- Y-DPTIEDSYRKQVEVDAQQC
TMQIWDTAG-QERFRS - LRTPFYRGSDCCLLTFSVDDSQSFQNLSNWKKEFIYYADVPES
LLDILDTAG-QE-EYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKD - SDD

LLDILDTAG-QEEYSA-MRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKD-SDD
MLEILDTAGTEQFT-A-MRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKD-TDD
G4 G5
FPFVILGNKIDI-SERQVSTEEAQAWCRDNGDY-PYFETSAKDATNVAAAFEEAVRRVLA
VPMVLVGNKCDL-PSRTVESRQAQDLARS-YGI-PYIETSAKTRQGVEDAFYTLVREIRK
VPMVLVGNKCDL|-AARTVESRQAQDLARS-YGI-PYIETSAKTRQGVEDAFYTLVREIRQ
VPMILVGNKCDLEDERVVGKEQGQNLARQ-WSNCAFLESSAKSKINVNEIFYDLVRQINR




Ras alignment

STAMP Structural Alignment of Multiple Proteins

Version 4.4 (May 2010)
by Robert B. Russell & Geoffrey J. Barton
Please cite PROTEINS, vi14, 309-323, 1992

Running roughfit.

Sc = STAMP score, RMS = RMS deviation, Align = alignment length

Lenl, Len2 = length of domain, Nfit = residues fitted

Secs = no. equivalent sec. strucs. Eq = no. equivalent residues

%I = seq. identity, %S = sec. str. identity

P(m) = P value (p=1/10) calculated after Murzin (1993), JIMB, 230, 689-694
(NC = P value not calculated - potential FP overflow)

No. Domaini Domain2 Sc RMS Lenl Len2 Align NFit Eq. Secs. %I %S P(m)
Pair 1 Canis Homo 4.07 1.41 341 166 169 156 156 © 32.69 100.00 6.99e-15
Pair 2 Canis Rattus 3.80 1.47 341 167 172 151 143 0 30.77 100.00 4.59%e-12
Pair 3 Canis Saccharomyces 3.58 133 341 165 177 144 143 ©® 33.57 100.00 1.35e-14
Pair 4 Homo Rattus 8.66 1.05 166 167 169 159 157 © 56.05 100.00 2.57e-46
Pair 5 Homo Saccharomyces 8.10 0.90 166 165 173 149 147 0 97.28 100.00 0.00e+00
Pair 6 Rattus Saccharomyces 7.81 0.86 167 165 173 145 145 © 55.86 100.00 1.29e-42
Reading in matrix file sps.mat...
Doing cluster analysis...
Cluster: 1 ( Homo & Rattus ) Sc 8.66 RMS 1.05 Len 169 nfit 159
See file sps.1 for the alignment and transformations
Cluster: 2 (Saccharomyces & Homo Rattus ) Sc 8.60 RMS 0.81 Len 177 nfit 147
See file sps.2 for the alignment and transformations
Cluster: 3 ( Canis & Saccharomyces Homo Rattus ) Sc 6.04 RMS 1.55 Len 180 nfit 155

See file sps.3 for the alignment and transformations



Ras alignment




Ras-GDP




Ras-GDP

Hydrogen bonds

Lys 16.A NZ - GDP 274.A O1B - 2,49A
Ser 17.A OG - GDP 274.A O3B - 2,87A
Ser17.AN - GDP 274.A O3B - 3,16A
Ala 18.AN - GDP 274.A O2A - 2,82A

g I . . . . .y,
—-— e s e e . -

- em - - - - - - - O O S S . -



Ras-GDP

Hydrogen bonds

Asn 116.A ND2 - GDP 274.A N7 - 3,29A
Lys 117.A NZ - GDP 274.A 04’ - 2,82A
Asp 119.A OD1 - GDP 274.AN1 - 2,57A
Asp 119.A OD2 - GDP 274.A N2 - 2,93A
Ala 0146.A N - GDP 274.A 06 - 2,74A

o ———— =
|
\




Ras-505




Ras-S0S

Ras in RAS-GDP conformation

Ras in RAS-SOS complex



= =

Hydrogen bonds

Ala 59.R O - Thr 935.S OG1 - 2,84A
GIn 61.R NE2 - Thr 935.S OG1 - 2,70A
Ser 17.R OG - Glu 942.S OE1 - 2,61A

Lys 16.R NZ - Glu 62.R OE2 - 2,90A

Glu 62.R. OE1 - Gly 60.R N - 3,07A







Ras-GTP

Hydrogen bonds \

Lys 16.A NZ - GTP 167.A O3G - 2,68A
Ser 17.AND2 - GTP 167.A O2B - 2,90A
Ala 18. AN - GTP 167.A O1A - 2,81A
Thr 35.AN - GTP 167.A 02G - 3,01A
\ Gly 60.A N - GTP 167 O3G - 2,97A

|
|
;  Lys16.ANZ-GTP 167.A O1B - 2,88A
|
|
|
|

am s e - e e -



Ras-GTP

Hydrogen bonds \

Asp 30.A OD1 - GTP 167.A 02’ - 3,36A
Asp30.A OD1 - GTP 167.A 04’ - 3,22A
Asn 116.AND2 - GTP 167.A N7 - 3,20A
Lys 117.ANZ - GTP 167.A 04’ - 3.22A
Asp 119.A OD1 - GTP 167.A N1 - 2,92A
Asp 119 OD2 - GTP 167.A N2 - 3,03A
Ala 146.AN - GTP 167.A 05 - 2,76A

s == mm mm Emm = = E——
- e e e o o = =




Ras-GDP vs Ras-GTP

Ras-GDP conformation

\"‘j\'*\‘

Switch |

Cluster: 1 ( Ras-GTP & Ras-GDP ) Sc 8.60 RMS

0.

93

Ras-GTP conformation



RAS GTPase activity

Glssl Ginél
GOP—O

-f“bo o
i S :
H HaN GOP__O/"‘WO- \H HaA — 6/2.\0‘_‘
o §)
Carvalho A, Szeler K, Vavitsas K, Aqvist J, Kamerlin S. Modeling the mechanisms
of biological GTP hydrolysis. Archives of Biochemistry and Biophysics.

2015;582:80-90.

HO

b

GAP activity (cpm ratio)

014 T T T T T T

I N T N U N N '

0 10 20 30
time / min

Mai A, Veltel S, Pellinen T, Padzik A, Coffey
E, Marjomaki V et al. Competitive binding of
Rab21 and p120RasGAP to integrins
regulates receptor traffic and migration. The
Journal of Cell Biology.
2011;194(2):291-306.




Ras-GAP334 (o
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Ras-Switch | and RasGAP-alpha 6¢ hydrophobic residues



Ras-RasGAP complex

Ras-Switch | interactions with RasGAP helix alpha7c and
loop L61



Ras-RasGAP complex

Ras-RasGAP interactions that stabilize Ras switch Il and
catalytic residues



RAS MUTATIONS



Mutations that decrease GAP sensibility

Ras WT

Ras G12R




Mutations that decrease GAP sensibility

Ras WT

Ras G13D




Impact of mutations in charge distribution

C & _

WT (40BE) G13D G12D (4EPR)

Hunter J, Manandhar A, Carrasco M, Gurbani D, Gondi S, Westover K. Biochemical and Structural
Analysis of Common Cancer-Associated KRAS Mutations. Molecular Cancer Research.
2015;13(9):1325-1335.




Bibliography

1. Béhmer F, Szedlacsek S, Tabernero L, Ostman A, den Hertog J. Protein tyrosine phosphatase structure-function relationships in regulation and pathogenesis.
FEBS Journal. 2012;280(2):413-431.

2. Chiasson-MacKenzie C, McClatchey A. EGFR-induced cytoskeletal changes drive complex cell behaviors: The tip of the iceberg. Science Signaling.
2018;11(515):eaas9473.

3. Ferguson K. Structure-Based View of Epidermal Growth Factor Receptor Regulation. Annual Review of Biophysics. 2008;37(1):353-373.
4. Malbon C. G-protein-coupled Receptors: Structure, Function, and Role in Human Disease. Pharmaceutical News. 2002;9(5):285-285.
5. Wang W, Qiao Y, Li Z. New Insights into Modes of GPCR Activation. Trends in Pharmacological Sciences. 2018;.

6. Molecular graphics and analyses were performed with the UCSF Chimera package. Chimera is developed by the Resource for Biocomputing, Visualization,
and Informatics at the University of California, San Francisco (supported by NIGMS P41-GM103311).

7- Chardin P, Cussac D, Maignan S, Ducruix A. The Grb2 adaptor. FEBS Letters. 1995;369(1):47-51.
8.Maignan S, Guilloteau J, Fromage N, Arnoux B, Becquart J, Ducruix A. Crystal structure of the mammalian Grb2 adaptor. Science. 1995;268(5208):291-293.

9. Chen P, Chen X, He X. Platelet-derived growth factors and their receptors: Structural and functional perspectives. Biochimica et Biophysica Acta (BBA) -
Proteins and Proteomics. 2013;1834(10):2176-2186.



Bibliography

10. Hye-Ryong Shim A, Liu H, Focia P, Chen X, Lin P, He X. Structures of a platelet-derived growth factor/propeptide complex and a
platelet-derived growth factor/receptor complex. Proceedings of the National Academy of Sciences. 2010;107(25):11307-11312.

11. Tallquist M, Kazlauskas A. PDGF signaling in cells and mice. Cytokine & Growth Factor Reviews. 2004;15(4):205-213.

12. De Meyts P, Sajid W, Palsgaard J, et al. Insulin and IGF-I Receptor Structure and Binding Mechanism. In: Madame Curie Bioscience Database
[Internet]. Austin (TX): Landes Bioscience; 2000-2013.

13. Lee J, Pilch P. The insulin receptor: structure, function, and signaling. American Journal of Physiology-Cell Physiology. 1994;266(2):C319-C334.
14. Kidmose R, Andersen G. Interacting with the Human Insulin Receptor. Structure. 2016;24(3):351-352.
15. PDB-101: G Proteins [Internet]. Pdb101.rcsb.org. 2018 [cited 2 March 2018]. Available from: http://pdb101.rcsb.org/motm/58

16. Scheffzek K. The Ras-RasGAP Complex: Structural Basis for GTPase Activation and Its Loss in Oncogenic Ras Mutants. Science.
1997,277(5324):333-338.

17. Farrar C, Ma J, Singel D, Halkides C. Structural Changes Induced in p21Ras upon GAP-334 Complexation as Probed by ESEEM Spectroscopy
and Molecular-Dynamics Simulation. Structure. 2000;8(12):1279-1287.



Bibliography

18. Mai A, Veltel S, Pellinen T, Padzik A, Coffey E, Marjomaki V et al. Competitive binding of Rab21 and p120RasGAP to integrins regulates
receptor traffic and migration. The Journal of Cell Biology. 2011;194(2):291-306.

19.Carvalho A, Szeler K, Vavitsas K, Aqvist J, Kamerlin S. Modeling the mechanisms of biological GTP hydrolysis. Archives of Biochemistry and
Biophysics. 2015;582:80-90.

20. Vetter |. The Guanine Nucleotide-Binding Switch in Three Dimensions. Science. 2001;294(5545):1299-1304.
21. Boriack-Sjodin P, Margarit S, Bar-Sagi D, Kuriyan J. The structural basis of the activation of Ras by Sos. Nature. 1998;394(6691):337-343.

22. Rojas J, Oliva J, Santos E. Mammalian Son of Sevenless Guanine Nucleotide Exchange Factors: Old Concepts and New Perspectives. Genes
& Cancer. 2011;2(3):298-305.



PEM questions

1. G protein-coupled receptors:

Contain 7 transmembrane helices.

Are involved in very few signaling pathways.

Are not targeted by any drug.

Inactivate the G protein when a ligand binds to them.
Are only found in fish.

(LS B

2. Choose the correct answers related to tyrosine kinases:
a. Protein kinases catalyse the transfer of a phosphate group from ATP to a hydroxyl group of a serine or a
threonine
The insulin receptor is a tyrosine kinase receptor
A and B are correct
AspxPhexGly motif interfere the ATP binding
All of the answers are correct

20T

3. Which of the domains of EGFR is in charge of the dimerization of the receptor?

a. Domainl

b. Domain lll

c. A and B are correct
d. Domain ll

e. Domain IV



PEM questions

4. Choose the wrong answer related to the class lll Receptor Tyrosine Kinases (RTKs):

P20 oTO

PDGFR alpha and beta belong to RTKs.

They have a kinase insert between between two kinases domains.
They are characterized by a 5-lg-domain extracellular segment.
The kinase domain is located inside the cell.

Insulin Receptor belongs to class Il RTKs.

5. Related to insulin binding to its receptor, choose the right statement:

a.

b
C.
d.
e

The receptor dimerizes after insulin binds to it.

The alpha and beta subunits of the receptor are bound through multiple disulfide bonds.
The insulin receptor has two binding sites for insulin.

The fibronectin type Ill domains (Fnlll) of the insulin receptor contain alpha-helices.

The alpha-CT domain is not important for insulin binding.

6. PDGEF receptors:

a.

b
C.
d.
e

They belong to the class IV Receptor Tyrosine Kinases (RTKs).

PDGFRa signaling is not important in the development of many organs.

The Juxtamembrane domain is widely studied.

The residues involved in the dimerization process are well conserved between different species.
PDGFRs need the dimerization of the receptor but they don’t need any transphosphorylation.



PEM questions

10.

Choose the correct answer related to SOS-Ras interaction:

Pleckstrin domain is the one which binds G domain of Ras

b All the interactions are between hydrophobic residues

c There is no change in Switch | chain

d. Alpha-H is the one that interacts with the G domain of Ras

e Leucine decreases the hydrophobicity of magnesium binding site

o

Ras proteins:

They are composed by three domains
Switch | is the most conserved motif
They are small GTPase proteins
Ras-GTP form is the inactivated one
Threonine 35 binds the guanine base

PoooCo

Choose the wrong answer related to Ras inactivation:
a. Ras proteins require GAP effectors to get inactivated.
b The inactivation consists of the hydrolysation of the gamma phosphate of GTP.
C Ras proteins do not have hydrolysis activity.
d. The main catalytic residue is GIn61.
e A partial negative charge develops during the process.

Choose the correct statement of Ras mutations:

They cause the same effects in GAP affinity than in GAP sensitivity.

Almost every mutation on residue 12 is oncogenic.

They can make up to a 50% decrease in the GAP-stimulated hydrolysis rate compared to wt Ras.
They cause drastic changes on Ras structure.

They only affect to Ras-RasGAP complex.

Poaooo
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Annex - Structure of the G_subunit

a-subunit
(Ga. GDP-bound)




Annex - Structure of the G_subunit

GTPase domain
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Annex - Structure of the [S subunit

B-subunit
(B propeller)



