Quinases



Caracteristicas das vias de sinalizacao



3 Phases of Signal Transduction

1. Reception — The target cell’s detection of a signal
molecule coming from outside the cell.

2. Transduction — The conversion of the signal to a
form that can bring about a specific response.

3. Response — The specific cellular response to the
signal molecule.
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Signal Amplification

* Amplification refers to the activation of
increasing numbers of molecules

downstream from the receptors
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Signal Amplification
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acelulor The Dual
SPLR Signaling Pathway
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Signal

* Phosphorylation and dephosphorylation

Amplification
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Fosforilacao e remocao de um
fosfato sao mecanismos de
“ligar” e “desligar” proteinas.

A Fosforilacdao pode determinar:
A localizagao sub cellular
InterdgOes proteina/ proteina
Atividade

Mudangas conformacionais
Degradacao

Auxiliam na propagac¢ao do sinal
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Figure 3-63. Molecular Biology of the Cell, 4th Edition.



Em eucariontes os residuos mais comumente fosforilados sao
serinas, treoninas and tirosinas

Nos procariontes histidina e aspartato
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Sistema dois componentes
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Two component systems

Kinase Response Regulator
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Modular Organization of two component systems
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Examples of two component systems

In an environment of high
Periplasm osmolarity, the membrane
protein EnvZ undergoes
autophosphorylation.
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Examples of two component systems
Quorum Sensing
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Kinase and response regulators identified by
sequence homology in the same operon

a
140 :
120 Myxococcus xanthus [l -
“ @
S
2 _
s v e}
-g 29 . ¢ Geobacter bemidijiensis
@ Ralstonia mem”;iumns P W:Qv o o ._ .
@ 80 *®We . v ] —
e ~ g d Nostoc punctiforme
S > Yo
o = ¢
0 & g Pseudomonas aeruginosa @
¥ el ¢ %30 ®e s
=4 _ ; ®
“6 = @%"ﬁ*;‘y &
% . (
0 v " Caulobacter crescentus
£ 40 —  Bacillus subtilis = =
= v Rhodococcus jostii
=
Escherichiaicoli o e o°
20 - § he - Bacteroides thetaiotaomicron -
fRiGRigr'rs;-‘a rickettsii )
®* 9 Orientia tsutsugamushi
0 vy B | | | | | |
0 20 40 60 80 100 120 140 160 180
Number of histidine kinases




Number of two component proteins

Number of two-component proteins

300 I
= e
250 - - Myxococcus xanthus
Nostoc punctiforme
= °
Geobacter bemidjiensis ) ¢
200 |- ® ol
0.0 v
v *® 9 o ® L @

150 | > ¢ S w” o _

. ® b L ) O Ra,"srogfa @etaﬂfdurans

¢ IS -
Caulobacter crescentus & R ;eudoaonas gruginosa
100 : - 8acrer;oidesithetaforagmfcron ]
¢ [
® Rhodococcus jostii
50 —
-
0 | | |
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Total number of proteins in genome




Evolution of the histidine kinase domain

"_<I histidine kinases (27)

<| anti-sigma factors (4)
_<I histidine kinases (nar) (3)

<] pyruvate dehydrogenase kinases (4)

DNA mismatch repair
proteins [Mutl.] (6)

'<I topoisomerase VI proteins (4)

— q heat shock 90 proteins (6)

A<I topoisomerase IV proteins / gyrase B (3)

q topoisomerase II
proteins (3)




Evolution of the histidine kinase domain

histidine kinase fold protein kinase fold - small lobe
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Evolution of pathway outputs

PhoQ-PhoP system response to extracellular Mg2* concentration
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097194/pdf/nihms589840.pdf/?tool=EBI



Specificity based on molecular recognition not scaffolds

Native two-component system

PERIPLASM

O=smolarity

https://www.cell.com/fulltext/S0092-8674(08)00697-1



Specificity based on molecular recognition not scaffolds

Disadvantages mutations can disrupt interactions they must co-evolve

TMO853 (HK)

TM0468 (RR)
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= highly conserved residues
= = HK-RR covarying residues

ALSLEARKVMRERFEPSQFT = HK-HK covarying residues

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097194/pdf/nihms589840.pdf/?tool=EBI



Integration of Signals
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Sinalizagdo em eucariontes



Quinases classificadas de acordo com a sua atividade catalitica

L T e — e e S

- Tirosina quinases
Acoplada a receptores ex: NGFR
Nao acopladas: Src

- Serina/ Treonina quinases
PKC, PKA

- Quinases de dupla especificidade (serina/ threonina e tirosina)
MEK1, MEK2



Fosforilacao e Quinases

- ~ 500 proteina quinases, 2% do genoma humano e
2% do genoma de diversos organismos.

- ~700,000 residuos potencialmente fosforilados no
genoma humano.

-~10.000 proteins, 30% fosforiladas tamanho médio
de ~400 aminoacidos, 17% residuos fosforilados :
serinas (8,5%) threonine (5.7) and tyrosine (3%).

Ubersax and Ferre

I, 2007



Classificacao das proteina quinases de eucariontes

- O genoma humano tem ~ 518 proteina quinases

- 478 sdo proteina quinases tipicas com o dominio catalitico
conservado.

- 40 com estruturas atipica

Manning et al. Science 298, 1912-1934 (2002)



Grupos de quinases em diferentes espécies

Table 1. Kinase distribution by major groups in human and model systems. & detailed dassification is available in tables 51 and 56.

G o e Yeast Worm Fly Human Human Novel
roup Families Subfamilies ki ki ki ki ud human
inases inases inases inases pseudogenes Kinases
AGC 14 21 17 30 30 &3 & 7
CAME 17 33 21 46 32 74 39 10
CK1 3 5 4 85 10 12 5 2
CMGC 8 24 21 49 33 &1 12 3
Other 37 39 38 T 45 83 21 23
SIE 2 12 14 £5 18 47 & 4
Tyrosine kinase 30 30 0 S0 32 a0 5 5
Tyrosine 7 13 0 15 17 43 & =
kinase—like
RGC 1 1 0 27 & S 3 0
Atypical-PDHE 1 1 i 1 1 5 0 0
Atypical-Alpha 1 2 0 4 1 & 0 0
Atypical-RIO 1 3 P 3 3 3 1 2
Atypical-AG 1 1 1 2 1 2 2 0
Atypical-Oither 7 7 2 1 2 9 0 4
Atypical-ABCT 1 1 3 3 3 5 0 =
Atypical-BRD 1 1 0 1 1 4 0 1
Atypical-PIKE 1 L5 5 5 5 6 0 0
Total 134 201 130 454 240 518 106 71




Descoberta das quinases

v Receptor B- =
Epinefrina adrenérgico Adenilato
ciclase

alfa + GTP ativa Adenilato ciclase

Proteina % Pr

cinase A ‘:l:A
Krebs e Fischer o
(1964) Prémio nobel (1992) Fostosilase ' | Fostorilase

Fosforilase b Fosforilase @

Estado

Tony Hunter descoberta das tirosina quinases(1979)

2ATP  2ADP
Estado T

https://www.youtube.com/watch?v=8XKRAduG2Hk



Dominio catalitico das quinases

A maioria das proteinas quinases tem um dominio
catalitico conservado conhecido como ePK.

ePKs contém o sitio de ligagdo do ATP e o sitio de
ligagdo de substratos, sendo composto por ~260
residuos.

O sitio de ligagdo do ATP € altamente conservado
de forma que os inibidores de quinases atuando
neste sitio sdo menos especificos.
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Estrutura geral das quinases

Often N and C-terminal lobes.

N-terminal ATP binding site.

phosphate-
binding

Activating / catalytic loop (phosphorylated)

Short sequences (red arrowheads) a unique
to specific kinase and may determine
substrate specificity.




As quinases sofrem mudangas conformacionais

N-lobe

C-lobe

que levam a ativagdo das mesmas

: aC glycine rich N
lu : helix loop
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activation

e ..@ : '

N |
b < |

Y
insulin receptor kinase inactive Lg;g'celf’p“"": Mg2* (ZXJ insulin receptor kinase active

Changbong Hyeona, Patricia A. Jenningsb, Joseph A. Adamsc and José N. Onuchicd PNAS 2008



http://www.pnas.org/search?author1=Changbong+Hyeon&sortspec=date&submit=Submit
http://www.pnas.org/content/106/9/3023.full#aff-1
http://www.pnas.org/search?author1=Patricia+A.+Jennings&sortspec=date&submit=Submit
http://www.pnas.org/content/106/9/3023.full#aff-2
http://www.pnas.org/search?author1=Joseph+A.+Adams&sortspec=date&submit=Submit
http://www.pnas.org/content/106/9/3023.full#aff-3
http://www.pnas.org/search?author1=Jos%C3%A9+N.+Onuchic&sortspec=date&submit=Submit
http://www.pnas.org/content/106/9/3023.full#aff-4
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Mutations in c-Src T341I stabilizes the H spine increasing
catalytic activity

lle341 Thr341

Leu328
h Met3 17
\ B Ph3408 —
i N His387
oy

George Daley (left), Mohammad Azam



Proteina Quinase

Sitio de ligagdo do ATP

Leu-768

Met-769

- Hydrophobic pocket em frente ao pocket de ligagdo da
ribose.

- O gatekeeper residue ¢ um aminodcido na entrada do
Hydrophobic pocket .

- O tamanho desse residuo é importante para o desenho de
drogas.



Dominios encontrados em proteinas quinases

Table 3. Most common Pfam domains in protein kinases. See table 57 for a fuller listing.

Domain name

Protein kinase C terminal domain
Immunaoglobulin domain (lg)
Fibrenectin type |Il domain (Fnlll)
SH2 domain

5H3 domain

PH domain
Diacylglycerol binding (C1, DAG_PE)
Calmodulin binding motif

SAM domain (Sterile alpha mortif)

Ephrin receptor ligand binding
domain

CNH domain

HEAT, armadillo/B-catenin repeats

Activin receptor

Ankyrin repeat [ANK]

Regulator of G protein signaling
(ROS)

PDZ/DHR/GLGF domain

Ubiquitin-associated domain A
(UBA)

Receptor L domain

Furin-like cysteine rich region

p21-Rho-binding domain (PED,
CRIB)

Phosphatidylinositol 3"-kinase (PI3K)

FAT

FATC

Alpha kinase

C2 domain

Cuanylate cyclase catalytic domain

HSPA0-like ATPase

ANMF receptor

Kinase-associated domain 1 (KA1)

Bromodormain

HR1 repeat
Leucine-rich repeat

ABCT family
Death domain
BTE motif
RhoGEF domain

Mumber
of genes

44
30
28
25
27
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£ N

MNum ber
of
domains

44
254
194
27
28

22
33
25

16
14

12
27
11
59

7
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14
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Function class

Accessory domain

Extracellular, protein interactions

Extracellular, protein interactions

Adaptor: Binds phosphotyrosine

Adaptor: Binds proline-rich
maotifs

Signaling; phospholipid binding

Phosphelipid binding

Mot in Pfam. From literature and
sequence alignment

Dimerization domain

Ligand binding

Cytoskeletal?
Protein interaction
Ligand binding
Protein interaction
GTPase interaction

Membrane targeting
Protein degradation

Ligand binding
Receptor dimerization?
GTPase interaction

Catalytic: Protein kinase

Accessory domain for PI3K

Accessory domain for PI3K

Catalytic: Atypical kinase

Ca**, phospholipid binding

Catalytic: <GMP production

Catalytic: Atypical kinase

Ligand binding

Unknown

Acetyl-lysine (chromatin) binding
domain

GTPase interaction

Ligand binding, protein
interaction

Catalytic: Atypical kinase

Dimerization domain

Signaling

GTPase interaction (guanine
exchange factor)

B SH2-CO Linker

Ba—PBs Small
Lobe

Activation
Loop




A atividade das quinases pode ser regulada por mecanismos especificos
- Fosforilagdo reversivel do loop de ativagdo.

- Interagdo com outras proteinas e quinases.

- Interagdo com co-fatores.

-Translocagdo para localizagdes sub-celulares especificas.

Esses processos em conjunto auxiliam na determina¢do da especificidade
das quinases.
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State A State B State C
active inactive (Src/Cdk — like) inactive (Abl/c-Kit — like)
(DFG Asp-in) (DFG intermediate) (DFG Asp-out)




Inibidores de Proteina Quinase

- Tipo I atuam sobre a
conformacdo ativa da enzima.

- Tipo I ligam o sitio de ligagdo do
ATP bloqueando o acesso ao ATP

- Tipo IT atuam sobre a
conformacdo inativa da enzima.

- Tipo IT estabilizam a
conformagdo inativa.

- Tipo IT sdo mais seletivos

Type | inhibitors
Gefitinib, erlotinib, SU11248 and seliciclib

Type ll inhibitors
Imatinib, lapatinib, sorafenib and vatalanib



REVIEW

BIOCHEMISTRY

Revisiting protein kinase—substrate interactions:
Toward therapeutic development

Paulo Sérgio L. de Oliveira,! Felipe Augusto N. Ferraz,' Darlene A. Pena,? Dimitrius T. Pramio,?

Felipe A. Morais,? Deborah Schechtman®

REVIEW

Fig. 4. Different regions (mainly N-lobe) of the cat-
alytic domain of protein kinases explored as drug
binding sites. (A) The ATP pocket is targeted by
type 1 inhibitors (PDB: 1FMO) (88). (B) A pocket
formed in the DFG-out conformation is targeted
by type 2 inhibitors, such as imatinib [PDB: 2HYY
(125)], depicted in darker blue sticks. (C) Type 3
inhibitors target a hydrophobic pocket (but not
the ATP binding region) released in DFG-out confor-
mations. For example, depicted in darker red sticks
within the red hydrophobic pocket is the non-ATP-
competitive inhibitor N-{4-[(1S)-1,2-dihydroxyethyl]
benzyl}-N-methyl-4-(phenylsulfamoyl)benzamide of
hurman LIMK2 kinase domain (PDB: 4TPT) (126).
(D) A pocket formed in the surface of the N-lobe of
MEK1 binds the non-ATP-competitive inhibitor
2-([3R-3.4-dihydroxybutylloxy)-4-fluoro-6-[(2-

Abl kinase

fluoro-4-iodophenyl)amino]benzaride (PDB: 4ARK) ( 127). (E) A shallow crevice and ATP binding pocket are occupied by an inhibitor formed by a synthetic
peptide linked to thiophosphoric acid o{(adenosyl-phospho)phospho)-s-acetamidyl-diester, a typical type 4 inhibitor (magenta sticks; PDB: 1GAG) (117).
(F) General view of all surfaces of pockets used by different inhibitor types. The reference structure (gray) is PDB: 2HYY ( 125).

www.SCIENCESIGNALING.org 22 March 2016

Vol 9 Issue 420 re3



Sitio de ligagdo do Substrato

* A especificidade é dada pelo canal de ligagdo do
substrato que reconhece o aminodacido que sera

PrOtEI Nna QU INase fosforilado e aminodcidos perto dele (geralmente no

N-terminal do aminodcido fosforilado).

PKACa (PRKACA) XXITXRR1S1:0o0xxx 734
PKCa (PRKCA) XXXKXRExSEfKrkkxx 523
CKZa1 (CSNK2A1) xxxeeedSDdEeeee 483
ERK2 (MAPK1) XXPXPpPlSPLppXXX 410
CDK1 (CDC2) XXAXXIpHSPxkkxXxxX 303
SRC xxxeedvYgxvIXHX 385
ERK1 XXpPpppPlSPLptxxx 292
CDK2 KXAXAXXPXSPgKkx1lx 201

PDK1 (PDPK1) XXgXttXTFCGTpeY 43




T2%3 da a-tubulina ndo estd contida numa
sequéncia consenus reconhecida pela PKC

"PKC consensus sequence”
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Lemos Duarte, et. al., Science Signaling 2014



Sequéncias consensus podem ser
estruturalmente formadas
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Kinase resources
cAPK structural walkthrough
http://pkr.sdsc.edu/html/3D/xray/2cpk/2cpkwalk.html

Protein kinase databases
http://www.kinasenet.org/pkr/Welcome.do
http://kinase.ucsf.edu/ksd/
http://bioinf.uta.fi/KinMutBase/main_frame.html
http://www.kinase.com/

Phosphorylation sites
http://phospho.elm.eu.org/
http://scansite.mit.edu/
http://www.phosphosite.org/Login.jsp

Signal transduction illustrated
http://www.bio.davidson.edu/courses/Immunology/Flash/MAPK.html

http://www.youtube.com/watch?v=TQ2C-5P-I5E



http://pkr.sdsc.edu/html/3D/xray/2cpk/2cpkwalk.html
http://www.kinase.com/
http://www.phosphosite.org/Login.jsp
http://www.bio.davidson.edu/courses/Immunology/Flash/MAPK.html
http://www.youtube.com/watch?v=TQ2C-5P-I5E

Dominios encontrados em proteinas quinases

Table 3. Most common Pfam domains in protein kinases. See table 57 for a fuller listing.

Domain name

Protein kinase C terminal domain
Immunaoglobulin domain (lg)
Fibrenectin type |Il domain (Fnlll)
SH2 domain

5H3 domain

PH domain
Diacylglycerol binding (C1, DAG_PE)
Calmodulin binding motif

SAM domain (Sterile alpha mortif)

Ephrin receptor ligand binding
domain

CNH domain

HEAT, armadillo/B-catenin repeats

Activin receptor

Ankyrin repeat [ANK]

Regulator of G protein signaling
(ROS)

PDZ/DHR/GLGF domain

Ubiquitin-associated domain A
(UBA)

Receptor L domain

Furin-like cysteine rich region

p21-Rho-binding domain (PED,
CRIB)

Phosphatidylinositol 3"-kinase (PI3K)

FAT

FATC

Alpha kinase

C2 domain

Cuanylate cyclase catalytic domain

HSPA0-like ATPase

ANMF receptor

Kinase-associated domain 1 (KA1)

Bromodormain

HR1 repeat
Leucine-rich repeat

ABCT family
Death domain
BTE motif
RhoGEF domain
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Function class

Accessory domain

Extracellular, protein interactions

Extracellular, protein interactions

Adaptor: Binds phosphotyrosine

Adaptor: Binds proline-rich
maotifs

Signaling; phospholipid binding

Phosphelipid binding

Mot in Pfam. From literature and
sequence alignment

Dimerization domain

Ligand binding

Cytoskeletal?
Protein interaction
Ligand binding
Protein interaction
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Interagdes proteina-proteina e proteinas
adaptadoras auxiliam na propagagdo do sinal.
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Protein Interaction Modules
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Peptide inhibitors of PKC isoenzymes
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Second messengers
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Earl Wilbur Sutherland, Jr., discovered second messengers, for which he won
the 1971 Nobel Prize in Physiology or Medicine. Sutherland saw

that epinephrine would stimulate the liver to convert glycogen to glucose (sugar) in
liver cells, but epinephrine alone would not convert glycogen to glucose.

He found that epinephrine had to trigger a second messenger, cyclic AMP, for the
liver to convert glycogen to glucose. The mechanisms were worked out in
detail by Martin Rodbell and Alfred G. Gilman, who won the 1994 Nobel prize



http://en.wikipedia.org/wiki/Earl_Wilbur_Sutherland,_Jr.
http://en.wikipedia.org/wiki/Epinephrine
http://en.wikipedia.org/wiki/Glycogen
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Cyclic_AMP
http://en.wikipedia.org/wiki/Martin_Rodbell
http://en.wikipedia.org/wiki/Alfred_G._Gilman

Cyclic Nucleotides
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PKA Signaling Scafold and second mesenger

A| Basal PDE Activity

L

PHA
PDEA4D3

Resting conditions

High cAMP

EJ Increased PDE Activity

Feedback inhibition

E Channel Closed

PKA

holoenzyme

Rasting conditions

Q Channel Closed

Lower PKA Activity




	Número do slide 1
	Número do slide 2
	Número do slide 3
	Número do slide 4
	Número do slide 5
	Número do slide 6
	Número do slide 7
	Número do slide 8
	Número do slide 9
	Número do slide 10
	Número do slide 11
	Número do slide 12
	Número do slide 13
	Número do slide 14
	Kinase and response regulators identified by sequence homology in the same operon
	Number of two component proteins
	Número do slide 17
	Número do slide 18
	Número do slide 19
	Specificity based on molecular recognition not scaffolds
	Número do slide 21
	Integration of Signals
	Sinalização em eucariontes
	Número do slide 24
	Número do slide 25
	Número do slide 26
	Número do slide 27
	Número do slide 28
	Número do slide 29
	Número do slide 30
	Número do slide 31
	Número do slide 32
	Número do slide 33
	Número do slide 34
	Número do slide 35
	Número do slide 36
	Número do slide 37
	Número do slide 38
	Número do slide 39
	Número do slide 40
	Número do slide 41
	Número do slide 42
	Número do slide 43
	Número do slide 44
	Número do slide 45
	Número do slide 46
	Número do slide 47
	Número do slide 48
	Número do slide 49
	Número do slide 50
	Número do slide 51
	Número do slide 52
	Número do slide 53
	Número do slide 54
	Número do slide 55

