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INFORMACAO
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Figura 1. Sintomas observados em folhas de couve chinesa inoculadas
com Pseudomonas virdiflava



MUITO COMPLEXO...UM SINAL...MAIS DE
UMA RESPOSTA
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Aumento de Fe+2- inibe expressao de
sideroforos e desencadeia sistema de
detoxicacao!




TRES ESTAGIOS FAZEM PARTE DA SINALIZACAO
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DEPENDE DO ORGANISMO

Unicelular
Procarioto x Eucarioto

Pluricelular




SINAL - TRANSDUCAO - RESPOSTA

Estimulo

I Muitas vezes o sensor pode ser
outro agente quimico nao
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estimulo
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ESTIMULO X SINAL

Physicochemical input

Log scale Destruction point

l

otimulus Signal Stress Catastrophe

Alguns sinais podem funcionar com
autoindutores de circuitos!

Temperatura € um estimulo, mas o
sinal é a proteina desnaturada



TRANSDUCAO DE SINAL, DEFINICAO ...

extracellular signal

molecule A
IN

intracellular
signaling

molecule B

ouT
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Figure 16-2 Essential Cell Biology 3/e (© Garland Science 2010)

A conversao de um sinal em outro sinal!

(B)




A FORMA E TUDO...
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Funciona como uma
corrida de revezamento
molecular, na qual uma
molécula de sinalizacao
intracelular passa o sinal
para a outra, em que cada
uma ativa ou gera a
proxima molécula de
sinalizacao

Moléenla sinal =

Receptor / l

W\ol@omlm ativada

Proteina 0;\
MMﬂVM

Proteina
tinase
aﬂ\m
Proteina cinase
maﬂ\m 3
Am’ Proteina. -

cnase

______ ativa
Protena T

Proteina 0m
IVW'I\M
cinase

........ m'l\m

Proteina
mativa

Proteina
ativa

e

Resposta
celular



Muitos fatores
influenciam a duracao
e outras caracteristicas
da resposta de
sinalizacao, incluindo
ciclos de
retroalimentacao
positiva e negativa, as
guais podem ser
combinadas para gerar
respostas graduais ou
do tipo “tudo ou
nada”, assim como
respostas curtas ou de| (P p l
longa duracao.

Proteina A ProteinaB
requladoracle M reguladorade

ProteinaX PotenaY

transcricao transcricao

Mudanca proteica Mudang¢a da expressao



ENTENDER SINAL PARA ENTENDER

CONTROLE DA EXPRESSAO! o,
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HA MUITOOO0000000000 SINAL EM
UMA CELULA!!!




REVIEW
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Signal Transduction in Diffuse Intrinsic Pontine Glioma

Ryan J. Duchatel, Evangeline R. Jackson, Frank Alvaro, Brett Nixon, Hubert Hondermarck,

and Matthew D. Dun*
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SISTEMA DOIS CIMPONENTE - MODELO
DE SINALIZACAO EM PROCARIOTOS

BACTERIA TRYING TO AVOID
THE IMMUNE SYSTEM

Rerdip~ 1wy

SO para distrair...



RECONHECIMENTO DE PROTEINAS
SINALIZADORAS

Estimulo Bem conservadas

¢ Dominio sensor — altamente variado!

Dominio sensor

(entrada) Dominio sinalizador — alterado

depende do alvo!
Dominio sinalizador
(saida)

Sinal



DOMINIOS SINALIZADORS E SUAS FUNCOES
Dominio  |Fungio

EAL
GGDEF
Acyc
CheY
HATPase
HisKA
HPt
HAMP
GAF
PAS

Fosfodiesterase (degrada c-diGMP)

Diguanilato ciclase (sintetiza c-diGMP)

Sintese de cAMP e cGMP

Aceptor de fosfato no aminoacido Asp

Transferéncia de fosfato do ATP para o dominio HisKA
Transferéncia de fosfato no aminoacido His
Transferéncia de fosfato

Provavél dimerizacao

Ligacao decAMP, cGMP e fosfopigmento

Ligacao de pequenas moléculas (heme, flavina, adenina), sensor
de luz, oxigénio



EVENTO PODE OCORRE EM CASCATA...

Estimulo
Dominio sensor
(entrada)
D £ a - I 7 . 7 V4
PiiniesiEel o Varias proteinas até chegar no

dominio efetor!

Combinacao de dominios — maior
versatilidade nas respostas!

Dominio efetor

:
:
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Resposta



SISTEMA DE DOIS COMPONENTES

Dominios

Sinal

Entrada
Histidina-cinase

Autofosforilacao

Asp— P Receptor

Regulador de resposta
Saida

J

Resposta

Altamente conservado

HK - Uma proteina com dominio C

terminal onde encontra- se uma

histidina que sofre autofosfolicao
(HATPase)

RR — proteina com N - terminal
contendo aspartato receptora de P



HK E SUAS VARIAS CONFORMACOES




(a)

Sensor Response regulator

Sensing Kinase +(P) Receiver Regulatory

domain d:::main/» w‘ain domain

(b)

TRENDS in Microbiology




SISTEMA BACTERIANO DOIS COMPONENTES

ArcB ArcA Disponibilidade de oxigénio

CheA CheY Quimiotaxia

DivJ DivK Desenvolvimento

EnvZ OmpR Osmolaridade

KdpD KdpE Estresse osmotico

NtrB NtrC Disponibilidade de nitrgénio

PhoP PhoQ Virulencia, disponibilidad de magnésio
PhoR PhoB Disponibilidad de fosfato inorganico
RegB RegA Estado redox (ubiquinona)

VanS VanR Resistencia a vancomicina



Geralmente em operons HK e RR — mas nao é regralll

Atividade fosfatasica cognatos..mais atrativos..
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Proteina hibrida



Environmental
Stimulus

Histidine
Kinase 3

ATP

Differential gene expression

MAS COMO OCORRE?

1 — Percepcao do sinal
2- Mudanca conformacional —
foforilacao de His
3 - His~P doador de P para o
dominio receptor do cognato
4- Mudanca conformacional e
dimerizacao
5 e 6 — ativacao da dominio
efetor para cotrole da expressao.
7 - Desfoforilaco (dominios
internos ou fosfatases externas)

http://syntheticmicrobe.bio.Imu.de/research/signal_transduct/index.html



QUIMIOTAXIA EXEMPLO DE SISTEMA DE
SINALIZACAO
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CheY - RR — muda rotagao dos flagelos
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NA VERDADE NAO E SOMENTE DOIS
COMPONENTES...NA MAIORIA...
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Maior versatilidade do sistema!!



Fosforilagéo

P
RR RR-P

Desfosforilagao

HK ou outras
fosfatases

Mecanismos de
fosfatase em RR -
controle do tempo do
sinal!



O SISTEMA E COMPLEXO....REDE DE SINAIS...

RR1 RR2 RR1 RR1 RR2



Bacteria Fungi

Environmental cue Environmental cue
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A H‘;s para a descoberta de drogas
dResponse regulator Transferase antlfanglcas porque eX|Stem
\ em procariontes, plantas e
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PLOS Pathogens | DOI:10.1371/journal.ppat.1004632



trends in plant scie

Reviews

Two-component systems in plant
signhal transduction

Takeshi Urao, Kazuko Yamaguchi-Shinozaki
and Kazuo Shinozaki

In plants, two-component systems play important roles in signal transduction in response to
environmental stimuli and growth regulators. Genetic and biochemical analyses indicate that
sensory hybrid-type histidine kinases, ETR1 and its homologs, function as ethylene re-
ceptors and negative regulators in ethylene signaling. Two other hybrid-type histidine
kinases, CKI1 and ATHK1, are implicated in cytokinin signaling and osmosensing processes,
respectively. A data base search of Arabidopsis ESTs and genome sequences has identified
many homologous genes encoding two-component regulators. We discuss the possible
origins and functions of these two-component systems in plants.



EM EUCARIOTOS PLURICELULARES, OS

HORMONIOS SAO VITAIS

v

TRANSDUCAO

fosforilagao

RESPOSTA

Em plantas devem ser pequenos para atravessar a parede celular!



Sempre...a resposta celular é dependente de seu historico e
de seu estado atual
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O EFETOR FINAL DIRECIONA A RESPOSTA CELULAR

extracellular signal molecule

receptor protein

intracellular signaling molecules

x [ O— ‘ effector proteins

metabolic cytoskeletal transcription
enzyme protein regulator
ALTERED CELL ALTERED
ALTERED
METABOLISM SHAPE OR GENE cell responses

MOVEMENT EXPRESSION

Figure 16-12 Essential Cell Biology 3/e (© Garland Science 2010)



extracellular signal molecule

©
intracellular signaling l cell-surface
pathway (@ — receptor protein
\ //l I\\‘\ nucleus
\
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FAST PROTEIN RNA SLOW
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\ ALTERED PROTEIN SYNTHESIS

\ /

ALTERED CYTOPLASMIC MACHINERY

ALTERED CELL BEHAVIOR

Figure 16-7 Essential Cell Biology 3/e (© Garland Science 2010)



Algumas moléculas independem de receptores de membrana

(A)  CELL-SURFACE RECEPTORS (B)  INTRACELLULAR RECEPTORS
plasma membrane small hydrophobic
cell-surface ) I ops
receptor / signal molecule

hydrophilic signal
molecule

nucleus
intracellular
receptor

Figure 16-8 Essential Cell Biology 3/e (© Garland Science 2010)



Em muito eucariotos — tirosina cinases sao predominantes

signal molecule in form of a dimer

L, —_— —_— EXTRACELLULAR

CYTOSOL

activated
intracellular
signaling proteins
bound to
phosphorylated
tyrosines

tyrosine
kinase
domain

membrane

phosphorylated
tyrosine
inactive RTK KINASE ACTIVITY activated RTK

STIMULATED
SIGNAL RELAYED BY ACTIVATED SIGNALING
PROTEINS INTO THE CELL'S INTERIOR

Figure 16-30 Essential Cell Biology 3/e (© Garland Science 2010)
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Figure 1. Examples of Proteins with SH2, SH3, and PH Domains
Y-kinase, tyrosine kinase domain; PP, Pro-rich region that binds to
SH3 domains; DBD, DNA-binding domain; ABD, actin-binding domain;
GAP, GTPase-activating domain.




MAS EXISTEM OUTROS TIPOS DE CINASES...

AKT/PKB Signaling:
Navigating Downstream

Brendan D. Manning'* and Lewis C. Cantley?

"Department of Genetics and Complex Diseases, Harvard School of Public Health, 665 Huntington Avenue, SPH2-117, Boston,
MA 02115

“Division of Signal Transduction, Beth Israel Deaconess Medical Center, Department of Systems Biology, Harvard Medical Schoaol,
77 Avenue Louis Pasteur, Boston, MA 02115

*Correspondence: bmanning@hsph.harvard.edu

DOl 10.1016/].cell.2007.08.009
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A Serina/treonina cinase estdo presentes na sinaliza¢do do etileno

(A) ABSENCE OF ETHYLENE (B) PRESENCE OF ETHYLENE
active ethylene inactive ethylene
receptor ethylene

receptor

ER membrane

active

protein
kinase inactive
protein
kinase
transcription ‘
regulator active
X - transcription
a regulator
r'S /
DEGRADATION ."5
_. _N = 4
DNA [ —— -
ETHYLENE-RESPONSIVE TRANSCRIPTION OF ETHYLENE-
GENES OFF RESPONSIVE GENES

Figure 16-41 Essential Cell Biology 3/e (© Garland Science 2010)



Auxin: A Trigger for Change
in Plant Development

Steffen Vanneste! and Jifi Friml'*

26Sproteasome
R

P L)

Q q@i PP2A
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Cell 136, March 20, 2009 ©2009




PROTEINAS G — MODELO DE SINALIZACAO
EM EUCARIOTOS




GTPases monomericas signal

peenee
déséss

receptor

Inactive
Monomeric GTPase

Guanine nucleotide

excahnge factor Subfamilies:
Ras
GTPase-activating m Rho
protein Rap
Cdc42

Active
Monomeric GTPase



G-Protein coupled receptor
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Regulation, Signaling and Physiological Functions of G-proteins

Viktoriya Syrovatkina, Kamela O. Alegre, Raja Dey, and Xin-Yun Huang’
Department of Physiclogy and Biophysics, Weill Cornell Medical College of Cornell University,
1300 York Ave, New York, NY 10065




Management of Secretory Diarrhea

Chapter - January 2012

DOl 10.5772/28528 - Source: InTech
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RESEARCH HIGHLIGHT
Plant G-protein activation: connecting to plant receptor

kinases

Kyle W. Bender (' and Cyril Zipfel '
Cell Research (2018} 28:697-698; hitpsy/doi.org/10.1038/541422-018-0046-2
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Table 1 Receptor-like proteins known to function with G proteins in plants

Receptor/receptor-like protein Biological processes or pathways Species Reference(s)

GCRI1 ABA signaling, early seedling development, Avabidopsis 12,82,133

stress responses, flavonoid biosynthesis
GTGU/GTG2 ABA signaling Arabidopsis 84
RGS1 D-glucose sensing and signaling Arabidopsis 62,127
MLO2 Immunity Avabidopsis 66
ER Response to necrotrophic fungus Avrabidopsis 65
CLV/FEA2 SAM development, stem cell proliferation Maize, Arabidopsis | 9,40,41, 135
NFR1/NFR5 Nodule formation Soybean 95
FER Stomatal movement and salinity response Avabidopsis 141, 142
CERKI, FLS2, EFR, BAKI, BIR1 Immunity Arabidopsis 2,64,116,118
FLS2/BIK1 Immunity Arabidopsis 58,59, 118, 131, 138
ZARI1 Zygote asymmetric cell division and daughter | Awabidopsis 140

cell fate
BRI1/BAK1 Sugar-responsive growth and development Avrabidopsis 86




Table 2 Proteins that interact with different components of heterotrimeric G proteins®

G-protein subunit Interacting protein Pathway/phenotype Species Reference(s)
Arabidapris Go ArPirn 1 Interaces with a Pirin protein during Arabidapsie 32
{GPAT) carly seedling growth and
development
GPal Abscisic acid Interaces with ABI1 phosphatase and Arabidapsis 74
(ABA)-inscnsitive 1 PLD o1 during ABA-dependent
(ABI) and phospholipase stomatal opening and closure
Dol (PLD ol )
GPaAl Thylakoid formadon 1 Interaces with THF1 in sugar signaling | Anabidapsis 38
{THF1) pathway
GPAl Prephenate dehydracase 1 Interaces with PN duning hlue Arabidapsie 133
(PD1) light-induced phenylalanine
production
GPAL Arabidopers PLID Gocand G both interace wich Arabidapsse 07,98, 146
GRL(AGET) PLDx1: PLD &l also interaces with
Regularor of G-protein signaling 1
(RC:51), and both proteins regulate
the other’s hiochemical activioy;
PLDx] and RGS1 also regulace
GPALs GTPase activity
GPAL/AGED Mirogen-activated protein G proteins interact with MAP kinases Arabidapsse 19,73, 105, 143
(MAPF) kinase and and RACK] in activation of muluple
Recepror of activated defense and development pathways
protein C kinase 1
(RACKL)
Rice GGoe proteind Taihu Dwarfl (TUDT) Interacrs with a ubiquitin ligase TUD1 | Rice 37
(RGAT) o regulate brassinosteroid (BR)
sigmaling
Pissen sativam Gocd Phospholipase Ca (PLCS) Interaces with PLCS to regulate stress Pea Ti, 119
(Palaol) FESPOMSCES
Triticuns gestivam Goe | Phosphoinositnde Interaces with the caleinm-hinding Wheat 48
(TaGal) phospholipase C1 protein Clod and a PI-PLCI
(PI-PLCI)
Extra-large G Related to vernalization 1 XLG2 inveracts with KTV to contral | Anabidapsis 36
protein (XLG) (RTV1) vernalizanon and flowering

E muito outros...



Natural variation at the DEPI locus enhances
grain yield in rice

DEPI é uma variante de Gy

Efeito positivo na produtividade em arroz!

Joumnal of Expermental Botany, Vol. 64, No. 14, pp. 45174527, 2013

doi:10.1093/jxb/ert267 Journal of
This paper is available online free of all access changes (see hitpa!/xb.cxfordiounals.cng/open_access.himl for further detais) EX perim ental
Botany

s el oxfordiouTmals.org

RESEARCH PAPER

Rice DEP1, encoding a highly cysteine-rich G protein y
subunit, confers cadmium tolerance on yeast cells and plants
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PEQUENOS SINALIZADORES
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cAMP — um caso classifico...
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International Journal of
Molecular Sciences

Retiew
Molecular Mechanisms Underlying Ca?*/Calmodulin-
Dependent Protein Kinase Kinase Signal Transduction

Hiroshi Tokumitsu '* and Hiroyuki Sakagami 2

Calmodulin Ca®*/Calmodulin Ca®*/Calmodulin-dependent
protein kinase



PROXIMA AULA

Controle da expressao em procariotos



