Regulacao da expressao
genica em plantas
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Processos envolvidos na transducao da informacao
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Regulacao espacial e temporal da expressao
genica permite:

* diferenciacao celular/tissular;
 respostas a fatores ambientais (bioticos ou abidticos).



Regulacao nos diferentes
niveis da expressao

Sem alterar a sequéncia de DNA
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Plano de aula

Controle epigenético
Controle transcricional

Processamento do pre-mRNA e
estabilidade do mRNA

Controle péstranscricional
Controle traducional
Controle péstraducional

N ) e



1. Controle epigenético

Chromatin

1| ~Chromatin loop
~100,000 bp ONA



Cromatina - grau de condensacao

Short region of

DNA double helix —2nm

—11 nm

eucromatina

“Beads on a string”
form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

30 nm

Section of
chromosome in
an extended form

— 300 nm

heterocromatina

Condensed section
of metaphase
chromosome

—700 nm

Entire metaphase
chromosome




Nucleossomo

o.o o
¢

Heteroctamero - H2B - H4

H2A [ H3

middle and ends of DNA

P DNA wraps around the histone
bound to H3 * H4 tetramer

core 1.65 times
P Core DNA contains 147 base -
pairs |
» Hydrogen bonding binds
DNA to the core

rest of DNA bound to
H2A * H2B dimers

Cada subunidade
tem uma cauda

Estabiliza a estrutura do nucleossomo

Histona H1




O controle epigenético

Eucromatina l

* Modificacoes reversiveis, !
“herdaveis”, que se encontram
sob o DNA e controlam a
expressao génica alterando a
acessibilidade da maquinaria
transcricional ao DNA:

o Metilacao do DNA

o Modificacoes pos-traducionais
das caudas das histonas

o Remodelacao do nucleossomo




Metilacao do DNA




D) Até 64% das citosinas em plantas T
2\, 6 . N™4
" podem estar metiladas purina.

Pirimidina
NH, NH,
Metiltransferase
Impede ligagao
/& /& de muitos FTs
Desmetilase DNA METHYLATION
(reparo de e
Citosina excisdo de base) Cltosma = “““H,_::
metilada

Alvos famosos:
* Silenciamento de transposons

GENE
COMPLETELY
OFF




A metilacao de citosina € um pre-requisito para o
silenciamento transcricional mas nao é suficiente

NEW DNA METHYLATION

- ?????9}§i — -
B 066006 -
BINDING OF PROTEINS

THAT RECOGNIZE METHYL C

MeCP2 - 900990 _
(methylcytosine- - 5566448 -

binding domain protein)

BINDING AND ACTIVITY OF CHROMATIN
REMODELING COMPLEXES AND
HISTONE DEACETYLASES

MeCP2 se associa com o complexo de @

deacetilagdo de histonas convertendo a 059900 GENE
5 : - - COMPLETELY
regido em heterocromatina. $68560 OFF




Trés
contextos
de
metilacao
do DNA:
simétricos
e hao
simétrico

CG CHG CHH
2.0 2.0 2.0
1.0° 510 2107
z z X ; 9.3
0.0 : : 0.0 — 0.0 : AN
0 0 0
Simétrico Simétrico Asimétrico
CG CHG CHH
Beta vulgaris (beet) 81.2
Selaginella moellendorffii 12.5 9.0 0.92
Vitis vinifera (grape) 46.0 204 1.2
Zea mays (maize) 86.0 74.0 5.4
Sorghum bicolor (sorghum) 52.5 27.1 ° B
Setaria viridis 445 23.3 1.6
Oryza sativa (rice) 58.4 31.0 55
Solanum tuberosum (potato) 709 422 >158
Solanum lycopersicum (tomato) 84.1 54.8 8.4
Phaseolus vulgaris (green bean) 49.8 334 4.0
Glycine max (soybean) 63.2 38.4 4.1
Eutrema salsugineum 38.2 9.3 6.1
Brassica oleracea (wild cabbage) 52.6 22.0 i
Arabidopsis lyrata 41.0 21.0 6.5
Arabidopsis thaliana 30.5 10.0 3.9

Bartels et al., 2018, IJMS



Mecanismos de metilacao do DNA

Via de novo (CG, CHG, CHH)
(préximo slide) Via de manuten¢ao (CG, CHG)

MET1 (CG)
CMT3 (CHG)

U/ U/ \
() me thyl to 0()‘ ation ‘(
() ()r ¢
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Via de novo:
Metilacao do DNA direcionada por RNA (RADM)

Pol II-RDR6-dependent RdDM Pol IV-RDR2-dependent RADM

24-nt siRNAs
o o &0
/\ g \
21-22-nt
siRNAs
/
@ Pol II-RDR6-dependent RdDM /
L
( @ Pol IV-RDR2-dependent RdDM
" _,‘,’
IJ ""‘; [ 7 ) "‘l;

r MNew transposon

A
\
A
\J

Estabelecimento de Formacao da

silenciamento transcricional heterocromatina
Aaptado de Matzke e Mosher, 2014



Regides alvos de metilacao
e seus efeitos sobre a expressao

A in Promoter/TSS X

TSS

B Transposons

: m

Transposon

C in Gene body
Mature transcript

= RTATITI

TSS

To et al., 2015, Plant Physiology



Como detectar metilacao no DNA gendmico?

Digestion PCR
‘ Amplified MorBC-
MerBC digested DNA
(m) (m) 3 =

Complete
methylation m n

Null
methylation

Composite x

methylation

DOI:10.1186/1756-0500-4-179



Bisulfite treatment and sequencing

YA A C
l Bisulfite conversion
eO0000GEOV

l Sequencing

CGATTACGT T Bisulfite-treated
sequence

CGATCACGT C Referencegenome
(untreated)

https://www.genewiz.com/Public/Services/Next-Generation-Sequencing/Epigenomics/Whole-Genome-Bisulfite-Sequencing/



Modificacoes
pOs-traducionais
das caudas das
histonas




Modificacdes nas caudas das histonas

I . ’/"\
!

e Acetilacao
* Metilacao
* Fosforilacao

e Ubiquitinacao

Lodish et al., 2014



P Ac Ac | |
| | | S T As modificacdes nas caudas das histonas
SGRGKQGGKARAKAKTRS —— H2A alteram: .
5 9 1) as atragdes quimicas de compactacao
da cromatina e
Ac Ac P Ac Ac 2) recrutamento de proteinas
| T il | especificas
PEPAKSAPAPKKGSKKALTKA—— H2B Me
Me N
Me Me Ac P Ac MeAc Ac Me Me P Me
| P| | /P |Me*| [Me*  |Me*\ | / |
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Chen e Tian, 2007



Histone modification Location Function

H3Kdmel Enchancers Activation
H3K4me3 Promoters Activation
H3K36me3 Gene bodies Activation
H3K79me?2 Gene bodies Activation
H3K?AC Enchancers, promoters Activation
H3K27AcC Enchancers, promoters Activation
HA4K16AC Repetitive sequences Activation
H3K27me3 Promoters, gene-rich regions Repression
H3KPme3 Satellite repeats, telomeres, pericentromere Repression




Table 1. The major categories of histone writers and erasers.

Modification Writers Erasers
Acetylation Histone acetyltransferases (HATs) Histone deacetylases (HDACS)
Methylation Histone methyltransferases Lysine demethylases (KDMs)

(HMTs/KMTs) and protein arginine
methyltransferases (PRMTSs)

Phosphorylation  Kinases Phosphatases




Modificacdes pos-traducionais das caudas das
histonas

https://www.youtube.com/watch?v=eYrQOEhVCYA



https://www.youtube.com/watch?v=eYrQ0EhVCYA

Chromatin immunoprecipitation (ChlP

ChIP Workflow

Fix and lyse cells

Chromatin

Fragment chromatin a Fragmentation

IP for target |
- Immunoprecipitation

DNA Purification

! x DNA Purification

Sequencing gPCR
Analysis "
| PR N 15 ChIP-qPCR ChIP-seq
‘Li“ A{ 5 10 ContealGene A s 5 ) 14330 38300 kb ) 39001
Y N R £ . g -
i, —ciiall $ s DNA Analysis l i | I
0 ;:::5 l PRt
L n a FLEKHAZ HTRAd ADAMO ADAM32

ADAMS  ADAMIE

Condition 1 Condition 2 W1 Eins




Remodelacao do
nucleossomo




Remodelacao do nucleossomo

Dependendo do padrao da metilacao e modificacdes de histonas presentes:

Deslizamento do nucleossomo

ADP / Substituicdao de histonas candnicas por variantes
) histona H2A.Z no
lugar da H2A
\ Remocgao de nucleossomos

Becker e Workman, 2013 (doi:10.1101/cshperspect.a017905)

Remodeling
factor



Metilacao de DNA, modificacao de histonas e remodelacao de cromatina nao
sao eventos independentes

NEW DNA METHYLATION

. 9?????;** — -
B 000000 a
BINDING OF PROTEINS

THAT RECOGNIZE METHYL C

- [XLXXY) _
- 566666 -

BINDING AND ACTIVITY OF CHROMATIN
REMODELING COMPLEXES AND
HISTONE DEACETYLASES

o

GENE
ez - COMPLETELY
e00000 OFF



J/ DNA

2. Controle
transcricional

Tvons cvipt

(RNA)



Transcricao de mRNA

* Catalisada pela RNA polimerase Il.
* E regulada por interacBes entre proteinas e sequéncias de DNA:

trans CIS

¥

Fatores de transcricao (FTs)

Gene eucaridtico transcrito pela RNApol Il

TATA box
// R —
7/ | hev—
- — //
ate a regiao +10 a +50 kb
—50 kb ou mais Estimuladores ou mais
/repressores Elementos
promotores
proximais

Regides ricas em GC requerem mais energia para curva-las nas histonas, evitando assim a presenca de nucleossomos, o que
por sua vez facilita o acesso a TFs



Motivos regulatorios

* Sequéncias consenso de sitios de ligacao a FTs.

5-UTR

Promoter

-416 to -419

Motif Sequence Position Recognized by Pathway
(from ATG codon)
/\ AuxRE GAGACA -102 to -107 A ARF7, ARF19 Auxin signaling
A EBS CTCCGATTATC  -240 to -250 A EIN3 Ethylene signaling
A TGAs AACGAC -352 to -357 A ARF7, ARF19 Auxin signaling
-1036 to -1041
/\ FBS CACGCGC -379 t0 -385 A FHY3, FAR1 Far red light response
/\ ACEs ACGT -410 to -413 Y HY5 Photomorphogenesis

doi.org/10.3390/genes10121018



Promotores: combinacao de motivos regulatorios

/ 261 16 bp
e gl GATAAG TGCACGTGGC
. Accompanying G-box
element element
Mesmo elemento G-box, b
-169 A
1 Parsley CHS - — -
mas diferentes (OV-light-inducible) | TGCACGTGGC GICOCTCCARCGTANGT
b. ~ G-box Accompanying
combina QOES e element element
72 bp 5bp
espagcamento com outros | . . 156 . i
(coumaric acid- | CCTACC \\ TQCACGTGAT CENACC
€ I ementos inducible) Accompanying ) G-box Accompanying
element element element
1
152 , i .
(V/V\%i‘fiﬁﬁdble) | GACACGTGGC CGAGCAGGC
G-box Accompanying

\ element element



Transcricao

* Pode ser dividida em 4 eventos
principais:
1. Montagem do complexo de pré-
iniciacao (CPI):

Fatores basais de
transcricao guiam
a RNApol I

Durante todos os eventos, fatores especiais de
transcricao podem interagir com os fatores basais e a
RNApol, controlando a transcricao.

Sitio de inicio da
transcricdo ( +1)

Formagéo de complexo
de pré-iniciagao




FTs:
dominios

funci

disti

onals
Ntos

C\ Dominio de ativacao

Co-ativador

DNA

(Dominio de ligacao

a0

‘

C

DNA

GTGGCA

Dominio de repressao

DNA

Dominio de ligacao

ao DNA

N\

co-repressor

Os ativadores ajudam
[ na montagem do CPI

Transcricao!

Gene alvo

(!

@

—_———

U

7

Sem transcricao

7

——————
e
E—

Gene alvo

Os repressores inibem na
montagem do CPI



Ativadores podem direcionar a acetilacao de
histonas em genes especificos

Hiperacetilagao de histonas direcionada pelo ativador

Hiperacetilagao das caudas

f‘ GCN5 \N—terminais das histonas
"i; o \ ".

/

GCN4 atrai acetilaces permitindo o relaxamento da cromatina e o acesso de outros TFs e do complexo da Polll



Repressores podem determinar a desacetilacao
das histonas em genes especificos

Desacetilase de histonas direcionada pelo repressor

Desacetilacao das caudas

® - Grupamento acetila Uldf _
RPD3 N-terminais das histonas
S
D

- Cauda
N-terminal
da histona




Dominios de ligacao ao DNA

Ziper de leucina
Leucine

Hélice-alga-hélice

Dedos de zinco HeliX ——e ’

Loop z
NIPUNEGN ‘m'l (IkSHNE#S

Unidao nao covalente

“Zipper!l
Zinc ions

“Fingers”

"*
A
Helix
v

.

Alfa hélice :: sulco maior do DNA (base)



Fatores de transcricao (FTs)

Dados da PlantTFDB

>1700 FTs >3300 FTs

A transcricao de cada gene no genoma pode ser regulada de modo independente por combinacao
de FTs e motivos regulatérios



A interacao entre os FTs (dimeros)
aumenta as opcoes de controle génico

Fator Fator Fator

A B C Dominio
[% [% [g)i ativador Fator
s ‘inibit()rio
Dominio de

ligagao ao DNA

2R E R A

Sitio 1 Sitio 2 Sitio 3 Sitio 4 Sitio 5 Sitio 6

Homo ou heterodimeros

ol Pl

Sitio 1 Sitio 2 Sitio 3 Sitio 4 Sitio 5 Sitio 6



Enhancers e Mediadores

Enhanceossomo{

e Facilita a montagem do

CPI
e Participa da remodelacao
da cromatina

— Mediador -

—Inicio da transcricao

D_D_

Soutourina 2017

e

Alca de DNA
(-50kb a +50kb)

Regiao
promotora



Transcricao

* Pode ser dividida em 4 eventos
principais:
1. Montagem do complexo de pré-
iniciacao (CPI):
2. Fase deiniciacao

Fase de anngamento} Também sao
0

w

4. Término da transcrica eventos regulados



Téermino depende da clivagem e poliadenilacao do
RNA

RMA cleavage and
polyadenylation

Dissociation of tI:J |Allosteric model|

elongation complex Q}
s’ '.‘
'-f

Recruitment of the
CPFCFcomplex |cTD

pPhosphorylated Ser? 5'g

CPF-CF ;
57 complex |CFIAL_ -
TSS ;
e
N

TDNA Poly(A) signal %

- Cleavage and polyadenylation factor (CPF) and cleavage factor (CF) complexes recognize specific sequences

in the 3’ UTR of the transcript.
- Upon endonucleolytic cleavage of the transcript at the poly(A) site, poly(A) tails are added by the CPF-

associated poly(A) polymerase Pap1.
- The 5’ end of the downstream portion of the transcript is then targeted by the Ratl 5'-3’ exonuclease.

Torpedo model

Porrua e Libri, 2015



Gel shift: interacao
DNA (promotor)-proteina (fator de transcricao)

) radioactive
radioactive DNA DNA fragment

fragment + cell extract

) @

1 HCll
* Alterando a sequéncia do —— —‘_. -
fragmento de DNA é possivel — —— C3
. . ~ ——  E)e— C 6
determinar quais bases sao . ————
imprescindiveis para a uniao das
diferentes proteinas.
- e —(C1
— (4
s Ch

(A) @) P —free DNA
N

gel result



Estudo da expressao génica: fusao do
promotor de interesse com gene reporter

Em que células é expresso o gene?

(A) STARTING DNA MOLECULES

coding sequence
for protein X

normal ' ;
1 2 3 E
3 ' 4 start site for RNA
regulatory synthesis

DNA sequences
that determine the

expression of gene X coding sequence for

reporter protein Y
recombinant . .
Il —

1 2 3 L‘

EXPRESSION PATTERN
OF GENE X

cells
A BCDTEF

pattern of normal gene X
expression

EXPRESSION PATTERN OF
REPORTER GENE Y

Onde estao os motivos
regulatérios no promotor?

B)
EXPRESSION PATTERN OF
TEST DNA MOLECULES REPORTER GENE Y
! B —
3
q N —
2
q B —
1
! B —
1 2
E) CONCLUSIONS —regulatory sequence 3 turns on gene X in cell B

—regulatory sequence 2 turns on gene X in cells D, E, and F
—regulatory sequence 1 turns off gene X in cell D




ChlIP com anticorpo anti TF

ChIP Workflow

{] P
) < \’
-~
Fix and lyse cells <&
o/
=

QRN
Q
\\\\\\\\\\
\\\\\‘\\\

(A
l'yvHm:‘yumm\\u\\\\\‘\
COOOCOEEEEXOLERERERR )

Fragment chromatin a

IP for target !‘

DNA Purification

Sequencing gPCR

Analysis )
y u._kuAﬂL_ AAJ 15
| 5
ﬂh... A ,‘..,4..]‘.. .%
R

Bl Target Gene
Control Gene

Condition 1 Condition 2

Crosslinking*
—_—

Sample, positive and negative Cell lysis a_nd A
control C. elegans strains processed  fragmentation

in parallel q S

Total DNA isolation to serve as ~€— <“‘©~

input sample

Immunoprecipitation™

—  DNA (in triplicate) 9 ’
O DNA-binding protein /ﬂ ‘

O DNA-binding protein of interest

“ Antibody Washes to remove
nonspecific binding

oy S — P
» Cloning d Detection Reverse crosslinking ,
* Southern blot \ < and purification v

& Chemical crosslinks

* Requires optimization



One-hybrid system: procurar proteina que
interage com sequéncia de DNA de interesse

BOX3 BOX3 SURE TATA Gene of interest
¢ J

160 bp

target

cDNA library

Reporter construcs in histidine
P auxotrophic strain: Coloco todos os cDNAs expressos
P . na célula que estou estudando

aoe-soms-ssumes v [ISSIE prom [EEIVSY cDNA
160 bp \ / fusion protein

ta g et Transformation

1- Colonies express HIS3 (autotréficas)

Quando o cDNA codificar uma proteina que reconhece a minha sequencia de interesse, o ativador
Gal4 AD ativara o promotor e a levedura vai expressar HIS3 e crescera SEM histidina.



Gal4 system in yeast
BD: binding domain

TWO_hy b rld Sy S tem '. A.  DNA binding domain fusion AD: activation domain
achar uma proteina (X)

q u e I n te ra ge CO m B.  Activation domain fusion

outra (Y) e

—— REPORTER

(UAS)n

C, Active transcription factor

Para o gene reporter ser
expresso, AD e BD precisam
estar no mesmo complexo

A interacao de X e Y faz
com que AD e BD fiquem
no mesmo complexo.




Intervalo!




Transcription

3. Processamento do pre-mRNA

e estabilidade do mRNA KON EP00MC



Processamento do prée-mRNA é concomitante com a transcricao

Estabilidade do mRNA

7-metilguanosina

Ponta 5 do RNA

1 H H ! I

o O
£ -O-@-®-c
e Pode ser dividido em 4 eventos :
principais: LV
1. Adicdo do “cap” 7-MG f:i’f';t;ato
(durante a transcricao) 5’ para 5’

f(“25nt)
Ponta 3’ do RNA




Processamento do prée-mRNA é concomitante com a transcricao

5’ splice site 3’ splice site
* Pode ser dividido em 4 eventos e L_ , A(} )
principais: l
&, ;
5/[Exonl I(i‘/ ((\:H - Exon 2 "

2. Splicing
(durante a transcricao)

U4/U6 snRNP
U5 snRNP

|

3 / 4 d I t Exon 1 \U2 L ) Exon2| La:"iiz;t forlmation
B OH & - 3 and 5 splice site
> (ON) genes, em plantas — 1+ \‘_/’A_/ <~ e
possuem introns
3’ splice site cleavage
duas reagaes de and ligation of exons
transesterificacao \
Exon1 Exon 2
S I I AG3




Splicing de RNA e o spliceossomo

https://www.youtube.com/watch?v=CdwLKwseP9Q



https://www.youtube.com/watch?v=CdwLKwseP9Q

Processamento de outros RNAs em plantas

tRNAs - splicing enzimatico

Pre-tRNA Exon halves Mature tRNA
5’ Exon Splicing ’fRNA
endonuclease ligase
3’ Exon \ r

O

Intron

rRNAs — clivagem via snoRNPs

RNAs organelares (plastidios) — introns auto cataliticos

Intron Grupo 1

Intron Grupo 2

5/ rRNA precursor 455 3/
ppp— N B . - oH

I 13.000 nucleotideos I

I MODIFICACAO QUIMICA
A A A A
, Whepbmpden | || by

Regides de sequéncias

CLIVAGEM
nucleotidicas degradadas

185 rRNA

e

5,85 rRNA 285 rRNA
\ J

B rRNA 5S produzido
em outro local

Incorporado na subunidade Incorporado na subunidade
ribossémica menor ribossémica maior




Splicing alternativo

* Até 70% dos genes de planta
gue contem intron sofrem
splicing alternativo

Retencao de intron

Sitio alternativo de
juncao 5’

Sitio alternativo de
juncao 3’

Exon alternativo

Exons de

exclusividade mutua

Exitron



Estabilidade do mRNA

e Pode ser dividida em 4 eventos §Lﬂi‘£§i‘;ﬁ'§§%ﬂ
principais: iiil”é‘?liﬁ%‘j D> pPhosphorylated Ser? 5'g

Elongation

factors —

5
T55
-
iadenilac3 ORE
3. Poliadenilagao o ST —
(final da transcricao) /’
~ o,
70/’ ge rles ?m pla ntas Uma endonuclease cliva o pre- A p.oly (A) p?limerase coloca! 20-259 As. _
(rRNAS n3o tem) mMRNA apés o 5°AAUAAA-3” . O comprimento ajud:;ar:Rdl\(le;ermmar a vida media

- Cleavage and polyadenylation factor (CPF) and cleavage factor (CF) complexes recognize specific sequences
in the 3’ UTR of the transcript.

- Upon endonucleolytic cleavage of the transcript at the poly(A) site, poly(A) tails are added by the CPF-
associated poly(A) polymerase Pap1.

- The 5’ end of the downstream portion of the transcript is then targeted by the Ratl 5'-3’ exonuclease.
Porrua e Libri, 2015



Processamento do prée-mRNA

a Primary Ala Thr Arg Gin

transcript GCU ACG CGC CAG
I |

T T

[ e
g

\ / \ /

MatureRNA GCU AUG UGC UAG
Ala Met Cys STOP

-

 Pode ser divididaem 4

eventos principais: 5

0 | Chara (stonewort) 0
0 i Chaetosphaeridium CREENALGAE _o Il CtoU
_ - HMUtoC
"9l Haplomitrium | ext
- LIVERWORTS —
0 Marchantia 0
_‘{.— Takakia _m'
- MOSSES —
1 Physcomitrella 1
4. Ed|g50 (SU bStitUir C Anthoceros HORNWORTS
por U, e vice-versa) R ivcopons
.. elaginella
m O d Ifl Ca n d O a Adiantum FERNS
sequencia do mRNA Onyza
( mito Cé ndrias e Nicotiana SEED PLANTS
o) | ast |'d i0S ) | Arabidopsis | | |

1,000 500 0
Chloroplast editing sites

1,000 1,500 2,000 2,500
Mitochondrial editing sites

Takenaka et al., 2013



Processamento do prée-mRNA

 Pode ser divididaem 4

eventos principais:

4. Edicao (substituir C
por U, e vice-versa)
modificando a
sequencia do mRNA
(mitocondrias e
plastidios)

MORF Cytidine
proteins deaminase?

| | E domain DYW domain

PPR domains

Figure 4

Model of the presently identified composition of the hypothetical editosome in flowering plant organelles. A
pentatricopeptide repeat (PPR) protein binds to a specific combination of nucleotides in the RNA. One or
more multiple organellar RNA-editing factor (MORF) proteins interact with the PPR protein and attract
the enzymatic activity. This most likely deaminase activity may be a DYW domain from a respective
(second) PPR protein or an entirely different moiety. Bullets represent nucleotides in the RNA. Cartridges
in the PPR proteins denote the degenerate repeats of approximately 35 amino acids. The E and DYW
domains of the respective PPR proteins are indicated.

Takenaka et al., 2013



“Controle de qualidade™ para exportacao nuclear

* O mRNAs que foi corretamente
processado recrutara as
proteinas necessarias para ser
transportado, de maneira
contraria, o mRNA sera
degradado no nucleo...

* Proteinas citoplasmaticas de
ligacao ao mMRNA substituem as
proteinas nucleares.
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A. thaliana
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RNAs nao codificadores envolvidos no
controle pos-transcriciona

MiRNA SiIRNA IncRNA

Pequenos RNAs




MicroRNA biogenesis

MIRNAS

Gene A f—//h%_'—//—‘\ Gene B
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(RISC)
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Complexo miR-RISC
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MiRNAs regulam a resposta a fitormonios

a———
I @Y

ABA Germination

mirl64 l
/"p/R- .I.‘ﬂ’_ Hypocotyl elongation

oot development
» JA

mirl 60

Leafshape Cytokinin

Leaf sh o
calshape -l—-—-"’ ABA

Flower and fertility

mirl72
Flower \

Cytokinin

\ Flower development
/ Fertility

Inibe efeito do ABA degradando os mRNAs dos FTs especificos: ativa
germinagao

gDegrada a proteina responsiva a auxina ARF8 que diferencia 6rgdos
reprodutivos. Entdo com stress, o ABA inibe o miR e a flor diferencia mais
rapidamente.

9 Degrada NAC1 que é um ativador da transcricdo dos genes induzidos por
auxina, assim regula por feedback negativo a resposta a auxina. Mutantes
acumulam NAC1 e desenvolvem muitas raizes laterais e perdem a resposta a
auxina.

Degrada FT de resposta a GA demorando a floracado, induzida pelo GA em
excesso do préprio GA.

eDegrada TCP FTs que inibem o crescimento de folhas e ativam a
senescéncia via sintese de JA.

6 Degrada APETALA-2 circunscrevendo a sua expressao e permitindo a
correta diferenciacdo dos érgaos florais.

0Degrada proteinas responsivas a auxina ARFs regulando todos os
processos onde a auxina atua.



RNA enddgeno, viral ou transgénico
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Figura adaptada de
Kulcheski e Margis, 2017



IncRNAS

NSR (nuclear speckle RNA-binding
protein) sao reguladores de splicing
que se ligam a pré-mRNA alvos e
modulam seu splicing

O IncRNA ASCO sequestra o complexo
NSR resultando no splicing alternativo
do gene.

doi.org/10.1016/j.devcel.2014.06.017



Basal RNA decay in plants

M’Gppp— I —AAAAA,
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3’-5 RNA decay

LSm1-7

5’-3’ RNA decay

doi.org/10.1016/j.tim.2019.05.007

Vida-média do RNA

* A vida-média do mRNA pode ser regulada de duas
maneiras principais:
o Perda das “protecoes”
o Erros no mRNA

Stalled ribosome
Hbs1
Dom34/Pelota
./ﬂ\’p'\'c_\ww m7G
NMD decaimento \
. Degradation of
/ mediado pela nor?stop mRNA
N auséncia de decaimento
| sentido nonstop @
Exosome




5. Controle traducional




Presenca de CAP e poliA induzem a traducao.

Internal ribosomal entry sites (IRES) sao necessarios para o reconhecimento dos
ribossomos.

Hairpins e upstream ORFs inibem a traducao da ORF principal (mORF).

Sequencias de binding de ptroteinas regulatdérias podem induzir o reprimir a traducao.
* Sitios de reconhecimento por miRNA inibe traducao pela degradacao do mRNA.

RNA Binding miRNA :
Protein Binding Site poly(A)tail

MERCHANTE ET AL. (2017)



Guanine nucleotide
exchange factor

60S
subunit

s

mudancas
intensas no
estado celular

Estresses bloqueiam a regeneragao do elF2
Hypoxia
Heat shock
Viral infection 8

MmRNAs de estresse nao precisam de elF2!!!!



Traducao e direcionamento para organelas

(A) Free ribosomes in cytosol
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(A) Free ribosomes in cytosol
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(B) Membrane-bound ribosomes
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Tipos de modificacoes

s ~60 ~100 aa
S

. Ubiquitination vs SUMOylation
Disulfide bond More Informati

nforma Online WWW.DIFFERENCEBETWEEN.COM

Ubiquitination SUMOylation

Ubiquitination SUMOylation

DEFINITION is a post translational is a post translational
modification which

= ) modification which
PI'Oteln covalently conjugates adds SUMOs to proteins
ubiquitin to proteins

MODIFIER
Ubiquitin

MARKING |
Can tag proteins for Not used in cells to
PROTEINS FOR mark proteins for

degradation '
DEGRADATION degradation

Targeting proteins for Important roles in gene
proteolytic degradation expression, chromatin
IMPORTANCE by proteasome and structure, signal
regulate localization transduction, and
and/or activity maintenance of the
independent of genome
proteolysis

Methylation

Covalently conjugate Adds SUMOS to

¢ MODIFICATION »
ubiquitin to proteins proteins

Acetylation Phosphorylation https://www.creative-proteomics.com/blog/index.php/strategies-for-post-translational-modifications-ptms/
SUMO: Small Ubiquitin-like Modlifier protein



https://www.creative-proteomics.com/blog/index.php/strategies-for-post-translational-modifications-ptms/

Dois niveis de regulacao pos-traducional

Funcso Protedlise

. Atividade Ubiquitinacao
* Interacao

* Localizacao



(Des-)Fosforilacao
* Adicionado pelas proteinas-cinase e removido pelas fosfatases

AT? OO0

Protein% S
T =y

Pm'fcm Pm'fe.in

Khan Academy



(Des-)Fosforilacao

Charged
phosphate
group

Amino acid
R grou
group

on ADP

I
CH,

Active
protein

Inactive
protein

Phosphorylation changes the shape of the protein (from Campbell's "Biology")

Copyright © Peanson Education, e, pu

Signal molecule
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N-terminus
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A via da ubiquitina-proteassomo

https://www.youtube.com/watch?v=SiOtA-ej3So



https://www.youtube.com/watch?v=Si0tA-ej3So

Controle pos-traducional: degradacao

Chloroplast

Processing proteases
ClpAP, EP1

Tsp?
Others?

Vacuole/
Protein body

A degradacao é muito controlada e
consome ATP.

A seq. N terminal determina a vida média
da proteina:

Aspartic acid
proteases

Cysteine proteases Nucleus

Ubiquitin
265 proteasome

Metalloproteases

Serine proteases Targeted , .
import o 208 proteasome o PEST (Pro-Glu-Ser-Thr) é um sinal de
protein for hers?

proteolysis?

protedlise.
o Acetilagcao confere estabilidade.

o AAs hidrofdbicos expostos é sinal de
unfolded protein.

Cytosol

Ubiquitin
26S proteasome
20S proteasome
Calpains?
Others?

Apoplast
Secreted proteases




OBRIGADA!




Epigenetics:
https://www.youtube.com/watch?v=eYrQOEhVCYA

Splicing:
youtube.com/watch?v=CdwLKwseP9Q&ab channel=HealthCare

Ubiquitin:
youtube.com/watch?v=SiOtA-ej3So&ab channel=CristianeCalixto



