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INTRODUCAO

» Os organismos vivos utilizam o mesmo padrao molecular para
assegurar o seu metabolismo, mas cada espécie possui um
conjunto especifico de acidos nucléicos e consequentemente de
proteinas responsaveis pela sua identidade.
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INTRODUCAO

» Vida celular: interagoes e reacoes quimicas
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MACROMOLECULAS
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PROTEINAS: DEFINICAO

MOLECULAS QUE FAZEM MOLECULAS

nature portfolio

Proteins articles from across Nature Portfolio Natom Be

Proteins are biopolymers of amino acids (polypeptides), joined by peptide bonds, that are generated by ribosomes. The amino acid
sequence, encoded by its gene, determines a protein’s structure and function. Newly synthesized proteins can be modified by post-
translational modification. altering its protein folding, stability and activity. Proteins often associate into protein—protein interaction

networks for function.
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PROTEINAS: PROPRIEDADES

Abbreviation/

Amino acid symbol
» Aminoacidos Nonpolr,aphai
groups
Grupo Carboxilico Glycine Gly G
'\ Alanine AMla A

Proline Pro P

Grupo Amino @ Valine Val v

l\ Leucine leu L

Isoleucine lle |

@C_H Methionine Met M
Aromatic R groups

Phenylalanine Phe F
Tyrosine Tyr Y
Tryptophan Tp W
l Polar, uncharged
. R groups
Grupamento Lateral Forma Sen‘ne_ Ser S
ou === = Hidrofobicidade Threonine Thr T
Grupo R or: Cysteine Cys C
P = Solubilidade Asparagine asn N
COO™ Glutamine Gin Q
| Positively charged
,,fH R groups
Lysine Lys K
+
HENH# hﬂHg Histidine His H
| | Arginine Arg R
H-CO———CH Negatively charged
- 2 R groups
Aspartate Asp D

1
Vo]

Prolina Glutamate Glu



PROTEINAS: PROPRIEDADES

> ESTEREOQUIMICA DOS AMINOACIDOS

Aminoacidos sao denominados "D-" ou "L-“

COO COO0 Exce¢do — aminoacido aquiral
HSﬁF (i}--H H.___é__.ﬁH3 ?OOH
H.N—C—H
CH, CH; |
H Glicina

L-zlanina C-alanina

v" Os aminoacidos nas moléculas protéicas sio L estereoisbmeros;
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PROTEINAS: PROPRIEDADES

> PROPRIEDADES ACIDO-BASE DE AMINOACIDOS

* Podem ser classificados de acordo com a estrutura da cadeia
|lateral em neutros, acidos ou basicos.

Grupo Carboxilico

\

Basicos: lisina, arginina e histidina, GrupoA{ino
Acidos: glutamato e o aspartato, @C_H

Neutros: os demais l

Grupamento Lateral
ou

v’ Soluveis em agua, Grupo R
v’ Sdo Anféteros — podem doar ou receber prétons (H+),
v" A forma predominante do aminoacido depende do pH,

v" Ponto de fusio elevado.



PROTEINAS: PROPRIEDADES
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PROTEINAS: PROPRIEDADES

Aminoacidos basicos Aminoacidos polares neutros

Aminoacidos acidos
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PROTEINAS: DIVERSIDADE ESTRUTURAL

2

diversid

S0 & 8N
by A
) £

(Integral membrane MASE1

MerC mercury CobS Cobalamin-5-
protein TerC family Metalloendopeptidase

resistance protein  phosphate synthase

A funcdo de uma proteina é derivada da sua
estrutura tridmensional, e a estrutura
tridimensional especificada pela sequéncia
de aminodcidos e interagoes ndo covalentes.

Sporulation
protein YunB

Spore coat assembly 14
. H DNA-K related Phage small RNA-binding DUF2911 protein SafA DUF3786 DUF4494
Do!: 10'1126/SCIence'aah404 protein terminase subunit protein (NEW FOLD)  (NEW FOLD) (NEW FOLD) (NEW FOLD)



PROTEINAS: FORMA E FUNCAO

Johann Wolfgang von Goethe Ernst Haeckel 1834-1919
1749-1832

Influéncia na arquitetura organica

“FORMA E FUNCAO”

D'Arcy Wentworth Thompson

1860-1948
15




PROTEINAS : FORMA E FUNCAO

» CLASSES:

* Proteinas estruturais,

* Proteinas transportadoras de membranas,

* Enzimas,

 Proteinas andaime (scaffold),

* Proteinas reguladoras (e.x. proteinas de sinalizag¢ao),

* Proteinas motoras.

16



PROTEINAS: ESTRUTURA HIERARQUICA

» Proteinas ativas tem conformacao especifica

Il Tk I
s
— ]

Gly

()

=

» 6?‘0
A

EE_EE 3 1]g
g
&

17



PROTEINAS: ESTRUTURA HIERARQUICA

> ESTRUTURA PRIMARIA

" Arranjo linear de aminoacidos
" Peptideo — até 30 residuos de aminoacidos
= A massa das proteinas é calculada em Daltons (Da)

" Em média, o peso molecular de aminoacidos em proteinas é
de 113 Da

aa aa, aa,
A A

Peptide
bhond

Titina — 35.000 residuos de aa



PROTEINAS: ESTRUTURA HIERARQUICA

N e SL‘-iEHL‘..L‘!
‘The game has changed. Al triumphs at solving

protein structures

In milestone, software predictions finally match structures calculated from experimental data

ROBERT F. SERVICE

NEWS | 30 November 2020 nature
‘It will change everything’:

DeepMind’s Al makes gigantic leap
in solving protein structures

Google’s deep-learning program for determining the 3D shapes of proteins stands to
transform biology, say scientists.




PROTEINAS: ESTRUTURA HIERARQUICA
AlphaFold

Protein Structure Database

Developed by DeepMind and EMBL-EBI

Sequence of AF-A4Q8T1-F1 =  Chain ¢ T:RubisCOpr.. + A= @

TU"‘"VWTDL:T 'L'W- 1'KS? oy :'R.‘ E:VT-’GC:EA '..-;- IA': P £LFEEGSVVIVETS IV"\V""F-(AVRQLRLEDVQFP W'V»(T".’":'G'—‘P'if' CVE:DL@.IDV!G'\DILGCT:F:ﬂ:G..Sr_‘Q\ E‘JRan
EVL R:.-LD"SK: DZ-MIQ{PFH-‘&WRDA: LFC Q:AI:K“__IET GER *(GI' ¥ I.I‘?V".'--.bTV'...Ii.-Q .EE"-'-;E‘EL"S IIE{SD 1'11"/GW~1.-;HL- ..SI"E’?CQD\GY.I.L'H!I'R

RubisCO protein

AF-A4Q8T1-F1 | Mode! 1 | Instance 1.555 | A | ALA 166
UNP A4Q8T1 166 A

pLDDT Score (1 Residue): 98.69 (Very high)

20



PROTEINAS: ESTRUTURA HIERARQUICA

By 2™ SWISS-MODEL

CAMEO

Home 3D - Protein Structure QE - Model Quality Estimation Categories v More ~

CAM EO continuously evaluate the accuracy and reliability of predictions

SWISS-MODEL

3D - Protein Stucture QE - Model Quality Estimation

is a fully automated protein structure homology-modelling
585 weeks, 9958 targets, 59 predictors. 475 weeks, 73080 structural models, 20 predictors.

server, accessible via the Expasy web server, or from the
program DeepView (Swiss Pdb-Viewer).

f‘;‘}ﬁhﬂodﬂase: Database of Comparative Protein Structure MudelsA

nature » articles » article

Article | Open Access | Published: 15 July 2021
Highly accurate protein structure prediction with
AlphaFold

nature » nature methods » comment » article

DEEP Learning In PrOtEin Stl‘l..lCtl.ll Comment | Published: 11 January 2022
Modeling and Design Deep learning and protein structure modeling

Wenhao Gao,' Sai Pooja Mahajan, Jeremias Sulam,” and Jeffrey J. Gray . .
Department of Chemical and Biomolecular Engineering, Johns Hopkins University, |  Minkyung Baek & David Baker

2Dapartrment of Biomadical Engineedng, Johns Hopkins University, Baltirmans, MD 2

*Cormespondance: jgraydjhwedu . . .
hitps://doi.org/10.1016/] patter.2020.100142 Nature Methods 19, 13-14 (2022) | Cite this article




PROTEINAS: PRIMEIRA PROTEINA SEQUENCIADA

Vol. 53 353

The Amino-acid Sequence in the Glycyl Chain of Insulin
1. THE IDENTIFICATION OF LOWER PEPTIDES FROM PARTIAL HYDROLYSATES

By F. SANGER* AND E. 0. P. THOMPSONYt
Biochemical Laboratory, University of Cambridge

(Recetved 16 July 1952)

[ ] . : .
GWEQCC&SVCSLYQLENY[N A chain (21 amino acids)

FVNQHLCGSHLVEALYLVCGERGFFYTPKA B chain (30 amino acids)




PROTEINAS: ESTRUTURA HIERARQUICA

> ESTRUTURA SECUNDARIA

Dobramentos periddicos de por¢oes localizadas de uma cadeia
polipeptidica mediados por pontes de hidrogénio

Um polipeptideo — varias estruturas secundarias
60% compost por a-hélice e Folha-B
Restante formas irregulares!!!

23



18 TRENDS in Biochemical Sciences Vol.28 No.1 January 2003 ﬁ
¥

ELEEVIER

- - -
Is there a unifying mechanism for
L m
protein folding?
Valerie Daggett’ and Alan R. Fersht®
'Department of Medicinal Chemistry, University of Washington, Seattle, WA 98195-7610, USA
’Department of Chemistry and MRC Center for Protein Engineering, University of Cambridge, Lensfield Road,
Cambridge CB2 1EW, UK
(@) (b) ,Q |
7 = /\, - ; 5 | _
R D o 1S &R
' L y 2 ¥
Crystal structure TS (100 °C) TS (225 °C) DEOns) — D(Z5ns) — D(Gns) — TS(03ns)— N (0 ns)
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PROTEINAS: ESTRUTURA HIERARQUICA

a-helice

O atomo da carbonila faz ponte de hidrogénio com o atomo de
hidrogénio da amida do quarto residuo abaixo no sentido da
extremidade C-terminal

Qual amino-acido nao tem em a-helices??? .



PROTEINAS: ESTRUTURA HIERARQUICA

Folha-p

Fitas-B dispostas lateralmente — cada folha contém 5-8 residuos.
Podem ocorrer em sentido paralelo ou anti-paralelo.

494 r;,?35?5:,;,?:.?_a:;\?1?5;:_;.,? o

o3 5.?1?_5 :,é:,?l,{,g_:a§1?.51.;_gi =

490



PROTEINAS: ESTRUTURA HIERARQUICA

Voltas B

Presentes geralmente na parte externa da proteina
redirecionando o esqueleto peptidico. Composta por 3 a 4
residuos.

K

™

Quais amino-acidos sao frequentemente encontrados em volta-f???

27



PROTEINAS: ESTRUTURA HIERARQUICA

> Estrutura Terciaria

» Arranjo tridimensional de todos os residuos de aminoacidos
= Estabilizadas por pontes de hidrogénio, interacdes hidrofdbicas e hidrofilicas

= N3o sao rigidas

Ponle de hidrogénio

4 Interacao
) hidrofébica

Folha Beta

Interagao de Van [}
der Waals

Figwer 133 Primuiglos ol Somees, &n
300 Sn Wy &




PROTEINAS: ESTRUTURA MOLECULAR

» MOTIVOS ESTRUTURAIS

Funcdes como: ligacdo a um ion especifico, ou molécula pequena (e.x.
calcio ou ATP).

Combinacgoes regulares de estruturas secundarias. Assinaturas de
alguns grupos de proteinas.

Dedo de zinco

Varios outros — mesmo motivos em proteinas distintas - combinacdo de
estrutura secundaria preservadas na evolugdo! 29



PROTEINAS: ESTRUTURA MOLECULAR

> DOMINIOS

= Regides distintas das proteinas onde ha dobramentos compactos do
polipeptideo.

Dominios funcionais

Dominios estruturais

DISTAL | Dominio
y globular

Dominios topoldgicos

Hemaglutinina — dominioglobular e fibroso

Dominiio
fibrosor

Geralmente dominios estruturais sao dominios
funcionais!

'
viral s

-
o T



PROTEINAS: ESTRUTURA HIERARQUICA

> ESTRUTURA QUATERNARIA

= Composta por dois ou mais polipeptideos ou subunidades que podem
ser iguais ou nao.

estrutura quaternaria
Grupo funcional: heme

(grupo contendo ferro cadeia alfa cadeia alfa
para transporte de
oxigénio)

super-hélice (estrutura
terciaria)

cadeia beta cadeia beta

Tetramero a232 .
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leculares

jos supramo

Arran
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PROTEINAS: ESTRUTURA HIERARQUICA

@ Cadeias laterais dos AA

AA (mondémero) sao diferentes em cada um dos 20 AA
deia T | ?"I,.‘:_'{ <
Catl = 00) ‘_“:"", ”"' :_“ i Sk
pulpertitin = DA =

Estrutura

Qaria

Ponte de H Estrutura
Ligacao S-S S
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The Free Amino Groups of Insulin Biochemical Journal

By F. SANGER (Beit Mamorinl Fellow), Hiochemical Loaborutory, Cambridge
[Received 31 August 1945)

The Terminal Peptides of Insulin
By F. SANGER (Boit Momorial Fellow)
Biochemical Laboratory, University of Cambridge
(Received | June 19040)

Vel. §3 a

The Amino
I, THE IDEXTIFICA

Hoje vocé identifica milhares de

proteinas, o grande desafio é
definir a funcao

The Amino-g
LOTHE IDEXTIFG

By ¥, RANGER (vt Mommemial Pollow) axn M TUPPY
Domdanbod Lodaonsmep. 'naiernay of Cawdoaige

(Noorrnnd 11 Janwary 1941)

The Amino-acid Sequence in the Phenylalanyl Chain of Insulin
2. THE INVESTIGATION OF FEPTIDES FROM ENZYMIC HYDROLYSATES

By F. SANGER (Bet Momorial Fellow) axo H. TUPPFY*
ol Loboratory, Umiversity of Combridoe 34

\"(W 17 Janwary 1951)



PROTEINAS: DIVERSIDADE

» Modificagoes pos-traducionais

Estabilidade e protegao das Ativagao/Desativa¢do de
proteinas e regulacao da atividade, sinalizacao
/ interagdo DNA/Proteina f
R O I B
ol *o—rlJ—o CHZ—(|:H—COO
| _(I:_C_ NH,™ \
H H

Acetilagao 80% das PTM Fosforilacao Serina, Treonina e
Tirosina e Histidina

Adicao de Carboidratos

as proteinas Degradacdo

(O-linkage) /
Serine /
I
HM
|
O
t=0 I
[ —NH—Lys —(Target protein

B ' _- M-acetylgalactosamine
D= (I. iqqcrlw . .. ~
CH; Ublqwtlnagao

Aspargina, Serina e Lisina
Treonina

Glicosilacao



DOBRAMENTO DE PROTEINAS

Estrutura primaria — define o
dobramento, mas leva muito
tempo...

Christian B. Anfisen —
renaturagao para o estado
nativo em condigoes
laboratoriais

Quantos dobramentos sao
possiveis? Qual seria o estado
nativo?

36



DOBRAMENTO DE PROTEINAS

\ " Ha novas descobertas...

/9@ Blocos cooperativos de dobramentos - (20 residuos de aa)

sj o %
t‘ @ & % / @ CrassMark
3 i &t i
8
/ s \ . PERSPECTIVE

W &5 The nature of protein folding pathways

( “'t { é¢ —57 5. Walter Englander' and Leland Mayne
X 7_'. ! Johrson Research Foundation, Departrment of Bicchemistry and Bicphysics, Permiman Schodl of Medicing, University of Penngfvania,
~ | 4 Filodelphvo, BA 1970
— &
‘g&l Eilil) 'Dltmn K Fesit, Medal Research Councll ototoary of Molecudar Baiogy, Lambridge, United Kingoon, and appraved Septamber 23, 2014 geceined for review June

PNAS | November 11, 2014 | wol 111 | no 45 1587315880

B Colapse

..\‘J-;i | &nrmv .‘ :'_'//-‘

e
|.-.#frzrwtnn 2w

\ Felding
|‘ ! marmedates

Native

Fig. 1. Q) The clesscd v of & defiresd lolcing pathwary, and U0 the new wewy of muttiple 1outes through & fumsled
ndicope. Reptmed with pormezon Yom et 13, Ceshed line in A Hsuates e ineenon of an opucnd arior-depandernt
tnete barriey, which can atfect some populaten fracion and not ohers ard this mmc muttpathwery foldng



PROTEINAS: PROTEOSTASE

Dependendo do ambiente, ocorre a adogéio de novos padrées de dobramento

e o controle da homeostase de proteinas:

Chaperonas;
Fatores de dobramento;
Degradacao;

Sinalizagdo;

Compartimentos especializados.

38



PROTEINAS: PROTEOSTASE

Diversity in the origins of proteostasis
networks — a driver for protein
function in evolution

Evan T Powers' and Wiltkam E Balch?

AUCEME 10wl woiy o

Cyendoechymes meoze (41 1610 s )

Symechorymx m
" Faobacersan w0 OOED
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PROTEINAS: PROTEOSTASE

Plant proteostasis — shaping the proteome: a research E New Phytologist
community aiming to understand molecular mechanisms that

contrnl prntein abundance 14 July 2020 | https://doi.org/10.1111/nph.16664
Amino-acetylated Ubiquitin &
tRNAs 4 ubiquitin-like
Chaperones | Proteasomes
Transcription ‘// Autophagy
mRNA . . .
* Biosynthesis Degradation =——" Chaperones

processing

\ Vacuolar

degradation
mRNA decay

mRNA
translation

Amino acids

Ribosomes Endocytosis



PROTEINAS: PROTEOSTASE

» Chaperonas individuais

* Eucariotos—Hsp70
* Bactérias - DnakK

/ Peptide

ATPase Binding

ATP
HspT0

Misfold

Nascent or
misfolded

Evitam que agredados
proteicos se formem

Cochaperonas
auxiliam na ligagao
do substrato e
hidrdlise do ATP!!

41



PROTEINAS: PROTEOSTASE

LETTER

doi: 101038 natureZdl3?

Alternative modes of client binding enable
functional plasticity of Hsp70

Alireza Mashaghi' *+, Sergey Bezrukavnikov +, David P Minde", Anne S, Wentink™*, Roman Eiiyk”, Beate Zachmann- Brand ™,
Matthias B Mayer®, Giinter Kramer™, Bernd Bukau® & Sander L Tans'

> Cell Stress Chaperones. 2020 Nov;25(6):1071-1081. doi: 10.1007/512192-020-01144-7.
Epub 2020 Jul 27.

Central role of 70-kDa heat shock protein in
adaptation of plants to drought stress

J Exp Bot. 2022 Apr 5; 73(7). 1694-1909. P
Published online 2022 Jan 12. doi: 10.1093/jxb/erab549

Regulation of heat shock proteins 70 and their role in plant immunity

Miroslav Berka,' Romana Kopecka,! Veeronika Berkova,! Bretislav Brzobohaty,? and Martin Cerny®!
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PROTEINAS: MODIFICACOES POS-TRADUCIONAIS

Modificacoes quimicas também ocorrem ...

Na sintese 20 aminoacidos ... nas células mais de 100 diferentes!!

* Acetilagao —aumenta a meia vida

* Fosforilacao — serina, treonina, tirosina e histidina

* Glicosilacao — asparagina, serina e treonina — cadeias de
carboidratos lineares e ramificados




PROTEINAS: MODIFICACOES POS-TRADUCIONAIS

» Funcao é resultado da estrutura!!

Quase todas as fung¢oes dependem da
especificidade e afinidade das proteinas!

Especificas de tipos celulares
Comuns em todas as células

Insulina

Hexokinase

Catalizag¢ao par aoutras atividades proteicas

 Fosforilacao de proteinas—sinalizacao
 Hidrolise do ATP



PROTEINAS: ENZIMAS

* Alteracdo quimica do ligante (substrato)

* Reduz a energia de ativacao

* Altamente especializadas (especificidade)

(c) Enzima complementar ao estado de transicao

%

ES

’6';)‘

M“"’\
&%

Energia livre, G

Coordenada da reacao

45



PROTEINAS: ENZIMAS

> ESTRUTURAS MUTIMERICAS

Otimizac¢ao do processo catalitico:

e Mesma localizacao

 Estruturas multiméricas

 Coevolucao 9
ANV CoA-SH (CH.—(—S-CoA
|l) 0 \ K ‘:’\\
CHo—(—1 ‘i’ k\ Acetyl-CoA
\ 5
) = Recluced
Pyruvate ' PP & O Tipoyllysine
Acyl \\ N
CD @ lipoyilysine /
TPP S Lys l
O .l‘n«.u S oy NADH + H*
' H (.,h.llllb:‘al
) - lipoyllysine
Hy(l roxyet |l)‘|
TPP \\\ FADH," , NAD*
Pyruvate Dihyvdrolipoyl Dihydrolipoyl
dehydrogenase, transacetylase, dehydrogenase,

E, E, Eq 46



PROTEINAS: MOVIMENTO

» Movimento celular e transporte intracelular

Energia - Movimento

Proteinas motoras
Hidralise do ATP
Gradiente de ions

1a) (b)

" i Flagelo
Fillamento espesso ou tubulo B :
Estator ,_\_/
ATP(' \’ADP ' \ Miosina ' ".\ . .
11 y ot \ | - lons
N AN\ Y s
t._/" 7 \./ d.nclpa =X - l ﬁ' l ( ?
SN - - P S—— - f— ‘. ) \
Filamento de actina ou thbulo A WY/ \J/
N \L,’I N -
'
Rotor

Movimento linear Movimento rotatorio



PROTEINAS: ALOSTERIA

Nas células tudo é controlado - palavra de ordem é otimizacao!

Alosteria: qualquer alteracao na estrutura tercearia ou
guartenaria induzida pela ligacao a um ligante.

Ligante
/ \ Sitio alostérico
Sitio Ativo Sitio Alostérico
l Meoduladores ou Efetores
Substrato ! X
Modificacées conformacionais — E alostérica

Mudanca de conformacéo

!

Alteracdo na atividade

Modulador Positivo o

Forma ativa Forma inativa

estabilizada por estabilizada por um

modulador =
48

um modulador +




PROTEINAS: ALOSTERIA

cyclic AMP

inactive
PKA
regulatory inactive complex of
subunit catalytic cyclic AMP and active catalytic
subunit regulatory subunits subunits
NH,
y A M H )
.y #_.':5”;'3 Importantes na regulacao de
N
0—CH, D | expressao genica — ativacao de
__,-'"-. HH"* _
A fatores de transcricao
H |
|

o=p——0 OH

il AP clolico
o8NP



PROTEINAS: SINALIZACAO

» Calcio: modulador da atividade protéica

Calmodulina — complexo mao EF

Liga e desliga outras proteinas!

50



PROTEINAS: UBIQUITINACAO

» Ha também o controle da quantidade de proteinas

AMP + PP

TP+ G D |
E3
Processo de ubuquitinacao X I’ Y @J_
e @ &
E1l — complex de ativacao da ubiquitina y

E2 — Enzima conjudadora da ubiquitina &m/— 1‘}@ s a _____
(residuo de cisteina) ) e
E3 — Ubiquitina ligase l l ke

Transferéncia para lisina da proteina alvo s l
Ligacao com a glicina C-terminal da
ubiquitina Mono-ubiquitination
l Activation
Poliubiquitina¢do- liga¢ao da nova Poly-ubliquitination .:.m::::
ubiquitina a lys48... -
degradation
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Cell Reports

The CDC48 complex mediates ubiquitin-dependent

degradation of intra-chloroplast proteins in plants

Authors

Jialong Li, Jiarui Yuan, Yuhong Li, ...,
Wengiang Yang, Wenhao Zhang,
Rongcheng Lin

&

Damaged I i

s

Chloroplast
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PROTEOMICA: O INICIO

Qual é a diferen¢a?

THE SAME GENOME

. CATERPII.LAR BUTTERFLY

THE DIFFERENT PROTEOME
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Tamanho do genoma (Mpb)

PROTEOMICA: O INICIO

Como esses genes

sao “usados” ?

Open reading frame (ORF)

Promoter GT AG
[ ] | ] I NN RSN SN
exon intron ATG Stop
lTranscription
RNA
lSpIicing
AIter_nqtive MRNA #1
Splicing

MRNA #2 :l/\:m/\m:l



PROTEOMICA: O INICIO

v’ As proteinas fornecem informagées, em nivel molecular,
sobre a variabilidade genética que é efetivamente expressa
pelo genoma !!!

NUCLEO CITOPLASMA
DNA
./— Confrlol_e mRNA inativo
Transcricional Controle
Degradagdo >
RMNA
Transcrito de |
RNA Primario | - N > MRNA
\ i T «—— Controle da Tradugdo
| G g Controle ) .
.8 Transporte Profteing m——p Proteina
mRNA - R
RNA
Controle do
Processamento de
RNA Controle

Pés-Transducional

56



PROTEOMICA: DEFININDO CONCEITOS

** PROTEOMA

e Conjunto de todas as proteinas de uma célula, organela,
tecido, ou organismo em um dado momento/ condicao.

s PROTEOMICA

« Metodologia, conjunto de técnicas utilizadas para se estudar
o Proteoma.

Analise qualitativa e quantitativa; identificacao de modificacoes
pos-traducionais (PTMS), identificacao de proteoformas ...



PROTEOMICA: O INICIO

z¢\
£

o,

3
: 1

A

Marc Wilkins em 1994.

“The entire protein complement expressed by a genome, or
by a cell or tissue type”

LN
QO
o™

& @
&R

r &
@3

~”

%@

o
e
&

oo Trnerpiome Mroneome
-
{20000 75000 geres) S 100 000 ranscripne) »1 000000 groteica)
Argrrater 1ph g Pont vardmany
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PROTEOMICA: POSSIBILIDADES

: Signal ;
Medical Transduction Disease

Microbiology Mechanisms

Drug Discovery \ \ / Glycosylation

Protein Expression

Target s .

Prot Post- 1 1 .

Identification/validation N(;is?;ge Profiling ﬁogz}?sagtézza Phosphorylation
Differential Display Proteolysis
PROTEOMICS

Yeast Genomics Yeast two-hybrid

Affinity Purified Functional Protein-protein C itati
Protein Complexes Proteomics Structural Interactions e

Proteomics
Mouse Knockouts Phage Display
Organelle Protein
Composition Subprotgome Complexes
Isolation

http://mmbr.asm.org/content/66/1/39/F1.large.jpg



PROTEOMICA: ABORDAGENS EM PROTEOMICA

» BOTTOM-UP E TOP-DOWN

* Identificagcao de amostras complexas.

* Limitag¢ao na identificacao de MPT.

-© Phosphorylation

LC-MS/MS
TOP-DOWN
& Proteocfo
@Q ) oo
ctmspr\,
onization ' Data Prot
W analysis
J » a ' T b
; X /‘ . - '\. PTM key
Tk S @ Acetylation
Protein mix “"" it
A

Electrospray Q
In-solution lonization
digestion 4 \ (K
/ = /o! |®
BOTTOM-UP ®\ @ @
LC-MS/MS

» Separa proteoformas.

* Identificacao de proteinas desconhecidas e MPT

ession #)

$44

OUTCOMES

[)d‘l‘
analysis

' Unigque accession 8
1 I . . ’ . N )
JINQUEC SCCE0N §4

Toby TK, etal.; 2016

ouv



PROTEOMICA: BOTTOM-UP E TOP-DOWN

» BOTTOM-UP

Gel-based

2-DE MIS/MS GelLCMS
» 2DGE b psps-pace
'1.::': .L-.:‘..’: E=r
Ly S=s
- --'\_"7.'!"'. . I
A =
Excise proten, Exciea lana
digest, exiract of proteans,
peptides digast, extract
peptide mbdurs
\\,/Jr\ N e
SN A Peptides
£y~ 7Y\
]MALDI TOF M
2
2] :
2 1ol
mz N\

Protein iartfication

Gel-free

LC-MS/MS

Cc
Protein solution

o

@ ‘.l
o

~

l, Digestion in selution
Peptdes
S
8700
J Leamsas

L,
mz

V




PROTEOMICA: ESTRATEGIAS DE QUANTIFICACAO

MS' QUANTITATION MS? QUANTITATION

Label-Free Quantitation : Metabolic Labeling : Chemical Labeling : Isobaric Labeling

Light Heavy 1

H H OH H ' OH OH

?;P/o ‘. o\p/o ‘. ‘ ) . ' cok)/ ‘. 0\pﬁ ‘. : 4 ‘. }/ "

HO” ™0 ¥ Ho/\?g : O & -5 © H \?g HO™ = : H ¥ HOT 0%

S S s Y s S | S’ oSS
> 5 ' Mix ' o o A <

(onditon1  Condition2 * . (ondition1  Condition2 ! (ondition1(x2) Condition 2 (x2)
v v : : 24 + : t o Reactive Goop

MS! : Ho—R—0, ‘ Reactive Reactive [REPORTER | g B4 LANCE g BB
: P& Dde | i Gup L Gop -
: 2% : GHT g N 4%
. ofqP%s | [MEFN [ENHE
s | S P : Min -

e Ry oo . : ’ : REPORTER 4 -
mwz mz ; s : ? : -'so:‘m( |
¢ ¢ L Ms! - L MS | E ;-—J
mass (ppm) B Sl L | MS! v
ret. time | ‘ : \

‘l, | I;L MS/MS

,J*,]J‘ ol g
o ) T8 ”‘w\ ‘er ‘ ‘ mwi ' miz
- 5 - z v 1 | Cl \
hrea Under Blution Profile | Area Under Elution Profile + Area Under Elution Profile . l o 1 i
’ ' ' 1
: : e s Reporter lon
.é . .e . . ‘ | Waies I_Inhemities
!ime (m A time(rni " Iime (min) time (min) 7 time (min) time {min) ' mwz

'NO LABELS | STABLE ISOTOPE LABELING
Anal Chem. 2016 Jan 5; 88(1): 74-94. 62



PROTEOMICA: EXEMPLO

> Nature. 2020 Mar;579(7799):409-414. doi: 10.1038/541586-020-2094-2. Epub 2020 Mar 11.

Mass-spectrometry-based draft of the Arabidopsis

pI oteome
b Proteins P-sites Transcripts
2 5828 o8 8 gbecusve 283
f=] o o o © o o & S class | o S S o
o S o v o S S w o P_si S o w o
o W~ — 6o W — — ol -5ites o v = ~ &
:""""":: EB SD SDIME ' Sepal (SP) ¢
1 ! ! ' Petal (PT)
Sém {'[CSEJ m Proteins
| SQSP |—FD SCLF Silique (SQ) M Enhanced
Embryo (EB) m Core
' Seed (SD) ;
____________ ; Seed 'mb'bwpﬁf;{,“{ﬁ} m Transcripts
SOV Mode (ND) - M Enhanced
HKD2 Internoda (IND) h m Core
| ccy ;  Cauline eaf (CLLP)
i CC10 @cm Leaf distal (LFD) ,
L. e Leaf proximal (LFF) m Class | P-sites
Leaf petiole (LFPT) m Ambiguous sites
Senescent leaf (SCLF) m Core
Root (RT)
i Flower Ded'i:CI:IB [FL::I':%
roteins jower 1,000 P-sites
T’a"255°r1'p' 10) silique septum (SQSP) - 100
Silique valves (SQV) 10
Egg-cell like callus (RKD2) - 1
Callus (CIM) -
Cell culture earty (CC3)
Cell culture late (CC10) -
Cotyledons (CT)
P-sites Hypocotyl (HY)
Araport11 (27,655) (43,903) Root tip (RTTP)

Root upper zone (RTUZ)
Shoot tip (CTSAM)

e Quantitative atlas 30 tissues
 more than 18,000 proteins, representing 66% of the annotated protein-coding genes
e 43,000 sites phosphorylation 63



PROTEOMICA: EXEMPLO

nature > nature plants > articles > article

Article | Published: 29 June 2020

Global profiling of plant nuclear membrane proteome

[ ] [ ] -
in Arabidopsis
-9y
Ultracentnfuge
Supermatant » %
Subtractive
: ;/ @ \ PrOIEOMICS
@ 9 ® Homogenze | 0 ]
n Centrifuge | "‘ |
, i 4 : DNase | I 4 |
.’ — |
t‘::;* |..--"" e RNase A / ot ol bl in,
S - ,:_ i = e »
pediet '\‘. R P % Ultra- ) Q
N centrfuge '
p:;’"' Purified Crude NE with
Gracen nuclei residual MM

e Obtained 1,058 candidates for NE-enriched proteins

Identified ~200 potential candidates for plant nuclear envelope
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PROTEOMICA: EXEMPLO

EXPERT REVIEW OF PROTEOMICS .
e Taylor & Francis

2021, VOL. 18, NO. 2, 93-103 _
https://doi.org/10.1080/14789450.2021.1910028 Taylor & Francis Group

PERSPECTIVE M) Check for updates

Proteomics and plant biology: contributions to date and a look towards the next
decade

J V Jorrin Novo
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PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

Extracao e Cromatografia e
Separacao das Espectrometria de
Proteinas Massas

Processamento
Analise de Dados
Estatistica




PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

Analise da amostra -
Coleta _ _ Analise dos dados
(separagao e detecgao)

* Repeticao bioldgica

* Interrupcéo RAPIDA do metabolismo (Quenching)

Minimizar a formacao ou a
degradacao de proteinas e
metabolitos apos a coleta

 Armazenamento em -80°C




PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

> EXTRACAO

v' Romper as intera¢cdes macromoleculares (intera¢des covalentes).

v’ Evitar modificacdes pos-traducionais.

> Protein J. 2017 Aug;36(4):308-321. doi: 10.1007/s10930-017-9720-3.

A Rapid and Reliable Method for Total Protein

Extraction from Succulent Plants for Proteomic

Analysis  Rescarch | Open Access | published: 29 September 2021
An efficient protein extraction method applied to
mangrove plant Kandelia obovata leaves for proteomic
analysis

Advances in the plant protein extraction:
Mechanism and recommendations

Volume 115, June 2021, 106595

Evaluation of Three Protein-Extraction Methods for Proteome Analysis of Maize Leaf
Midrib, a Compound Tissue Rich in Sclerenchyma Cells = Front Plant Sci. 2016; 7: 856.

Protein Extraction Methods Shape Much
of the Extracted Proteomes

Front. Plant Sci,, 12 June 2018

Extraction and Solubilization of Total
Protein from Plant Seeds

Cold Spring. Harb Protog, 2006; 68

doi:10.1101/pdb.prot4225



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

Diferentes protocolos para a extracao de proteinas totais:

Extracdo com Aacido tricloroacético (TCA)/Acetona (Damerval et al., 1986): rapida
inativagao de proteases;

Extracao fendlica (Hurkman & Tanaka, 1986): prépria para tecidos ricos em compostos
fenolicos;

Extracdo fenodlica + TCA/Acetona (Wang et al., 2003): propria para tecidos ricos em
fenois, lipideos e pigmentos;

Extracao de proteinas com remoc¢ao da rubico;

Aqueous phases
P

Da-Gin et al. 2014. bio-protocol.org/e1277



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

> SOLUBILIZACAO DAS PROTEINAS:

v Agentes caotrdpicos (e.x. uréia, tiouréia)

« Rompem as interacdes nao covalentes (ex: interacdes hidrofdbicas)

v' Agentes redutores (e.x. DTT, B-mercaptoetanol)

* Rompem as pontes dissulfeto

v Detergentes (e.x. CHAPS e Triton) W ~l« |
*Rompem as interacdes hidrofdobicas, promovendo a ‘;@ )
solubilizacao de proteinas de membrana e o -\
rompimento das interacdes entre proteinas. '



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

v DESSALINIZACAO

Amicon Ultra-0.5 mL Centrifugal Filters for DNA and Protein Purification and Concentration

%

-
;n'l - - ~
Colunas de dessalinizacao
Recover

Collect

4

v' QUANTIFICACAO DE PROTEINAS

v’ DIGESTAO DE PROTEINAS: Tripsina



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

» GEL SDS-PAGE
SDS (dodecil-sulfato de sodio) - PAGE (poliacrilamida)

PREPARO DE AMOSTRAS

Antes do SDS <harged R-grotps
L0l hydrophobic areas
> -
Fervura da amostra na ‘ Denaturacdo das -
presenca do SDS proteinas l SDS
Apds o 5DS
Amostra de proteinas
i mixture of
[mondémeros] i/;?——,:.—,—,-‘ e’“;j:;m"
determina o ‘
tamanho dos | A f e
poros (7\ - ,T',a'ﬁafﬂjo do poro
Migragdo das proteinas no — Xy,
campo elétrico (bi-mcriamita) =~ (\ g Porcentagem de acrilamida:
electrophoresis 5%; 10 %, 15 %; 20 %; 30 %
t ” J
: |
glodo T p = il Proteinas
Separacdo das proteinas por 2 = (SDS-PAGE)
diferenca de massa molecular Polimero de acrilamida
e bis-acrilamida acrilamida  Proteinas kDa
10% 15-200
_15% 10-100

Gel serve como uma “peneira”



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

» Separacgao das proteinas em gel de sds-page

Maior massa molecular

kDa |P 1 2 3 4 5 6 7 s 9

220 —» : !

120 —» . L _J =t -
~=2—%—3 "8 —3%— .=

07—~ bw | v . : :

ot Es 88-435 et

FEe -3 -8 1 % 1 RoAlah

0| £S BS 58 £ B & s i

’f' b A
R - - — e b 2 B
15 —» o~

l\|
Menor massa molecular
73



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

o -

I

Amostra Extra¢do das Quantificagdo Focalizacdo
proteinas proteica Isoelétrica
/
/

I' digestao

v .
— - e
et
b
Analise de

Analise dos Cromatografia Remocao dos imagens
dados e spotse
Espectrometri digestdo

a de massas



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

» ELETROFORESE BIDIMENSIONAL (2DE)

* Focalizacdo Isoelétrica (1D): SEPARACAO POR CARGA

* Eletroforese Bidimensional (2D): SEPARACAO POR MASSA

Pool proteico

Gradiente de pH
0 9 8 7 6 5 4

Sarcofago Focalizador

N r. . 75
isoelétrico


http://www.clker.com/clipart-10885.html

PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

17 cm s

Anode . ez %{3 @\ % n @ Cathode
- 5 @
pH 3 4 & & ! 8 =) 10

A C Iy g 7
Electrophoresis .:"_'_'T":"_ el
- -
| u
Soaking the gel gDﬁ solution and Separation of protein by molecular mass
fitting it on an SDS PA gel with SDS-PAGE electrophoresis
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PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

Acido Primeira Dimensdo Basico
Alto MW g = T m—— ow
.- ¥ . .
» .‘ ' w ‘ - “
O 1 Tae JourNaL oF Bionooical CHEMISTRY - h . :
UT Vol. 250, No. 10, Issue of May 25, pp. 4007-4021, 1975 s |
2 Printed in U.S.A. . |
"E’ High Resolution Two-Dimensional Electrophoresis '
a of Proteins* J
- T W™ - -
g Patrick H. O’FarreLLi
C From the Department of Molecular, Cellular and Developmental Biology, University of Colorado, Boulder,
ED Colorado 80302
m » » "
(V)] -
. - . -
- > 3
s . .
_ » .
o
» -
Baixo MW i
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PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

> ANALISE DOS GEIS
CONTR_OLE

Bl 4

AN

TRATAMENTO

-
-

> 1_'-7—

O(&&tﬁ& P ROCO

%g@

%@ 5 4 \9Va° %e gj%@@@@ g %@
@ @g

3 ‘ -.

5 © e
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PROTEOMICA: PUBLICACOES 2-DE

2017

Proteomic analysis of coffee grains exposed

to d]‘fferent drylng pI'OCESS Vaolume 221, 15 April 2017, Pages £3?4-1332
2018

Two-Dimensional Gel Electrophoresis Seed Proteome Map of Pigmented and
Non Pigmented Sorghum Genotypes (Sorghum bicolor L. Moench)

DOk 10.21767/2248-9215.100075

2020

Phosphoproteome Analysis Using Two-Dimensional Electrophoresis
Coupled with Chemical Dephosphorylation

Foods 2022, 11(13), 3119; https://doi.org/10.3390/foods11193119

2022

Proteomics Unveils Post-Mortem Changes in Beef Muscle
Proteins and Provides Insight into Variations in Meat Quality
Traits of Crossbred Young Steers and Heifers Raised in Feedlot

79



PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

» Digestdao Shotgun (Amostra Complexa) esr-Gaiida

for Reversed-Phase
® ®
Ziplip

Pipette Tips for Sample Preparation

Amostras 200 ng.ulL
W~
0,2% Rapigest SF LS EItIclecle

"’

DT 100mM B0t

~ g/
lodocetamida 300mM Alquilagao MILLIPORE
et Digestao
Tripsina 1:100 enzima/proteina e}
> 372C

IRZAVSY4N  Hidrdlise do Rapigest

U


http://www.clker.com/clipart-10885.html

PROTEOMICA: FLUXO DE ANALISE EM PROTEOMICA

> DIGESTAO

*H;N- Asp-Ala-Gly-Arg-His-Cys-Lys-Trp-Lys-Ser-Glu-Asn-Leu-Ile-Arg-Thr-Tyr -COO

’H3N-Aﬂ)'Ala'Gly-ArBlHiS-CYS-LYS-Trp-LysISer-Glu-Am-Leu-lle-Arg-'rhr-'ryr -C00

*H,N-Asp-Ala-Gly-Arg-C0OO

I’I’ripsina/ H,0

*H4N-His-Cys-Lys-COO
.H3N° Tl'p'Lys -COO

*H,N- Ser-Glu-Asn-Leu-lle-ArgCo0
*H,N- Thr-Tyr -CO0

PROTEASES ESPECIFICAS

Enzima Quebra

Tripsina | Lys, Arg (C)
Quimiotripsina  Phe, Trp, Tyr (C)
Pepsina Phe, Trp, Tyr (N)
Asp-N-protease Asp, Glu (N)
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PROTEOMICA: CROMATOGRAFIA LIQUIDA
ESPECTROMETRIA DE MASSAS (LC-MS)

82



PROTEOMICA: CROMATOGRAFIA LIQUIDA

Métodos fisico-quimico de separagao dos componentes de uma
mistura, que ocorre devido a diferentes interacdes, entre duas
fases: a fase movel (liquidos ou gases) e a fase estacionaria (sdlidos
ou liquido).

Separacao de compostos considerando o tempo necessario para
que eles eluam da fase estacionaria.

Q@ “HY
| ) 4~
= lg
*Q@é
I;o"‘.f"ﬁ COMPONENTE B
9 &
PICOS CROMATOGRAFICOS
O i \‘~\.
® % ’
Q0 LT, G
from m v < »h HOWBITO BN QUEA COMPONENTE A COMPONENTE ¢
AMOSTRA FOI COLOCADA
n >
Q
Q = e © »
-69-0000 5 s . @".I 0 2 El 6 8 10 12 1T4 min
Q}‘ QO =m [ ] ) TENPO




PROTEOMICA: CROMATOGRAFIA LIQUIDA

nanoEase M/Z HSS T3 Column
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PROTEOMICA: ESPECTROMETRIA DE MASSAS

fons fasegasosa “Selecdo” ions  Detecgdodeions

Sistema de Vacuo

LC
GC MALDI Tempo de Voo (TOF)
“Injegao direta” ESI Quadrupolo | |
El lon Trap ~

Ressonancia Ciclotronica
de ion (FTMS)

HPLC — Cromatografia liquida de alta perfomance

UPLC — Cromatografia liquida de ultra performance

MALDI — loniza¢ao assistida por matriz a laser — Matrix assisted laser ionization
ESI — lonizacdo por eletrospray

El — lonizacdo por impacto de elétrons
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PROTEOMICA: ESPECTROMETRIA DE MASSAS

 Ferramenta analitica para determinar a composicao molecular de
uma amostra, através da relagdo massa/carga (m/z) da molécula
ionizada.

* O requisito basico para uma analise por espectrometria de massas é
a formacgao de ions livres em fase gasosa.

* Em resumo, o MASSAS permite identificar a estrutura molecular e a
composicao qualitativa e quantitativa de moléculas.
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PROTEOMICA: FRAGMENTACAO DE PEPTIDEOS

Fragmentation of peptides breakage
R O "1|13 0 R Peptide: S-G-F-L-E-E-D-E-L-K
H,N—(C— C—N—C—C—N—C+ A N—C— C‘—II;TI—C‘— ('/<
Il H H | I H o . .
R? O . R* O MW ion ion MW
’ 88 by S GFLEEDELK yg 1080
Rb O a ¥ % y-type ions 145 b, SG FLEEDELK yg 1022
H:N—ﬁ_ C_E_I(I;: E‘N_ﬁ_ = RS 292 b; SGF LEEDELK y- 875
N— L—L—ﬁ—(’!—(‘f 405 b, SGFL EEDELK yg 762
b-type ions H | 1 H o
R* O 534 by SGFLE EDELK ys 633
663 bg SGFLEE DELK ys 504
X, Vo L, X Vi % 778 b, SGFLEED ELK y; 389
907 bg SGFLEEDE LK y, 260
R, | O R, | O R,
| I | I | 1020 by SGFLEEDEL K y, 147
HZN—CM—-C-—ril-—(lzag—-c-—ll\l——ca3—COOH
H HlH H|H The Ca-C bonds (in blue)
R il = The peptide bonds (in red)

The N-Ca bonds (in green)
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PROTEOMICA: BUSCA EM BANCO DE DADOS

A NGS B PROTEOMICS

Protein Identification by Database Searching of Mass Spectrometry

Genome Transcriptome Proteome Data in the Teaching of Proteomics
1 1 l Vinicius Marquioni,* Francis Morais Franco Nunes, and Maria Teresa Marques Novo-Mansur*
(1) LUibrary ==
Preparation (i) Digestion |o Jl Cite This: J. Chem. Educ. 2021, 98, 812-823 ERead Online

. !

(#) Next-Generation

Sequencing (ii) LC-MS/MS
} ] REVIEW Proteomics 2019, 19, 1800235 Proteomics
(iif) QC for (iii) Raw Data Proteogenomics www.proteomics-journal.com
FASTQ Output Pre-processing
' ' } Connecting Proteomics to Next-Generation Sequencing:
el e Proteogenomics and Its Current Applications in Biology
l ' )im' Teck Yew Low,* M. Aiman Mohtar, Mia Yang Ang, and Rahman Jamal

}

(vl) Reference

Genome
l .
[
i i
(vil) Standard B | N W W i
Protein Database '
'
i
i

'
'
1
'
(v) Gene Finding ' Calling
i
'
1
1

Beginner's Guide  Ankitsinha  Matthias Mann

A beginner’s guide to mass
spectrometry—based proteomics

Biochem (Lond) (2020) 42 (5): 64-69.
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PROTEOMICA: IDENTIFICACAO BANCO DE DADOS

> PEPTIDE MASS FINGERPRINTING

PMF (dados MS)
MS Experimental
m peptide masses
€2
Mg, Mes Mgy Match
Mgy g - Me,
| | | Meg;
Mgy
Mps
In silico Predicted Predicted
Protein database digestion  Peptides peptide masses
m
|MWTRGHLPEKTSWYKAVLDIF| MWTR P1
MDAARQHLWNKTIASFTRPVE - ?2&:5: - 2:»2
MDESKKQSLLEKHKTSQDDLQI P3
AVLDIF M

» MS/MS ion search

MS/MS (with no sequencing) Experimental peptide masses
‘ and respective fragment masses

Me22 m,
Mes - sy Bas § o ‘ Mgy (Meyy, Mey 2 Mg, --2)
| | | Mgz (Mg 1, Mgy Meas, o)

| | Mgz (Me3q, Megy Messy, o) Match

Mesy

Insilico Predicted Insilico  Predicted Predicted peptide masses and
Protein database digestion peptides fragmentation fragments respective fragment masses
[MWTRGHLPEKTSWYKAVLDIF] MWTR — K - Mps (Mpy.1, Mpy 2 Mpy 3, ...
MDAARQHLWNKTIASFTRPVE EK Mp2 (Mp2.1, Mpz2 Mpy3, --.)
MDESKKQSLLEKHKTSQDDLQJ TSWYK PEK Me3 (Mp3.1, Mp3 2, M3 3, ...)
AVLDIF LPEK

HLPEK



PROTEOMICA: IDENTIFICACAO BANCO DE DADOS

( National
MSPQTETKASVG a Cf:mel‘ for
QYICYVAYPLDLFEEGSV -89 Biotechnology

—— Informati
VEARELGVPIVMHDYLT Banco de dados =—p NCBI  Information JOINT GENOME INSTITUTE )

GLLLHIHRAMHA ﬂ
Phytozomefs 12

THE PLANT GENOMICS RESOURCE Swiss Institute of
Bioinformatics

>gi|11467200|ref[NP_043033.1| ribulose-1,5-bisphosphate  carboxylase/oxygenase
large subunit (chloroplast) [Zea mays]
MSPQTETKASVGFKAGVKDYKLTYYTPEYETKDTDILAAFRVTPQLGVPPEEAGAAVAAESSTGTWTT
VWTDGLTSLDRYKGRCYHIEPVPGDPDQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLE
DLRIPPAYSKTFQGPPHGIQVERDKLNKYGRPLLGCTIKPKLGLSAKNYGRACYECLRGGLDFTKDDEN
VNSQPFMRWRDRFVFCAEAIYKAQAETGEIKGHYLNATAGTCEEMIKRAVFARELGVPIVMHDYLTG
GFTANTTLSHYCRDNGLLLHIHRAMHAVIDRQKNHGMHFRVLAKALRMSGGDHIHSGTVVGKLEG
EREITLGFVDLLRDDFIEKDRSRGIFFTQDWVSMPGVIPVASGGIHVWHMPALTEIFGDDSVLQFGGG
TLGHPWGNAPGAAANRVALEACVQARNEGRDLAREGNEIIKAACKWSAELAAACEIWKEIKFDGFK
AMDTI
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PROTEOMICA: IDENTIFICAGAO BANCO DE DADOS

MATRIX
SCIENCE

GGINEE Mascot database search  Products  Technical support  Training

Peptide Mass Fingerprint

The experimental data are a list of peptide mass values from the digestion of a protein by a
specific enzyme such as trypsin.

Perform search | Example of results report | Tutorial

Sequence Query

One or more peptide mass values associated with information such as partial or ambiguous
sequence strings, amino acid composition information, MS/MS fragment ion masses, etc. A
super-set of a sequence tag query.

Perform search | Example of results report | More information

MS/MS Ions Search

Identification based on raw MS/MS data from one or more peptides.

Perform search | Example of results report | Tutorial

PEAKS

PEAKS

MaxQuant

MaxQuant is a quantitative proteomics software package designed for analyzing large
mass-spectrometric data sets. It is specifically aimed at high-resolution MS data. Severa
labeling techniques as well as label-free quantification are supported. MaxQuant is
freely available and can be downloaded from this site. The download includes the
search engine andromeda, which is integrated into MaxQuant as well as the viewer
application for inspection of raw data and identification and quantification results. For

statistical analysis of MaxQuant output, we offer the Perseus framework.
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PROTEOMICA: RESULTADOS

I (" fe
A B - D E F G
1 |Accession Description Score False Positive Rate Avg Mass Matched Peptides Seq Cover(%)
2 |E3K3E3 E3K3E3 PUCGT Glycers 20463.3 0 35705.6024 14 60.78
3 |E3K4Il E3K4I1 PUCGT Actin O! 20277.6 0 42129.0326 16 54.93
4 |E3KYT3 E3KYT3 PUCGT Heat sk 2095416 0 JF1190.0339 25 52.14
2 |E3KIH1 E3KIH1 PUCGT 14 3 3 23472.77 0 29455.0169 11 20.38
B |E3K357 E3K357 PUCGT ATP syr 28399.03 0 58507.1016 18 50.37
J |E3JR56 E3JR56 PUCGT Histone 1528.799 0 11510.4812 3 a0
8 E3KEW2 E3KEW2PUCGT Eukan, 2395.552 0 12462.3434 4 49.56
9 |E3KPL3 E3KPL3 PUCGT Tubulir 15400.16 0 50551.729 16 45.21
10 |E3KDMNE  E3KDNGE PUCGET Putati 147e.44 0 11713.7739 3 47.71
11 |E3LOWE E3LOWSE PUCGT Calmo 10517.26 0 18877.2952 7 44.51
12 |E3L2G3 E3L2GE PUCGT Actin |z 2743.317 0 18852.126 B 441
13 A4KBWE A4KBWE PUCGR Trans 17380.13 0 17058.8176 5 43.71
14 |E3KKAL E3KKAL PUCGT 265 pre 2935.448 0| 51094.1975 14 42.39
15 |E3KS8TS E3KETS PUCGT Eukaryt 8175.284 0 45637.4066 15 42.22
16 |E3K755 E3K735 PUCGT 405 ribe 11703.69 0] 22828.2263 7 42,18
17 |E3KZR1 E3KZR1 PUCGT Heat sk 11435.47 0 37042.04 20 40.37
18 [E3NXC3  E3NXC3 PUCGT Major 11361.84 0 38919.334 10 39.77
19 (E3L015 E3L015 PUCGT Vacuolz 5259.015 0 ©69128.6328 17 38.9
200 E3K305 E3K305 PUCGT Nuclec 4215.914 0 24960.5392 7 38.74
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PROTEOMICA: QUANTIFICACAO

bolog cal_process

Func¢ao Bioldgica

Categorizacao ~
F : I. Funcao MOIeCUIar biological response IIuIa
unC|Ona . regulation to stimulus pro
Componente celular / / / -
regulation cellular
of biological rtesztonse response
process RHIEse to stimulus
@ g (:) v'.‘ﬂ',“ regulation response cellular
2 of cellular to DNA damage response
L process stimulus to stress
cellular
regulation response
Kyoto Encyclopedia of geskoys ® D';A,: |m:g
K[ Genes and Genomes \ \
e cell cycle
q’ “, MapMen S check;zint

Site of Analysis /

mitotic cell
cycle checkpoint
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PROTEOMICA: ESTATISTICA
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Figure 9: Loadings plot for the selected PCs.



PROTEOMICA: ESTATISTICA
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PROTEOMICA: ESTATISTICA

> CATEGORIZACAO FUNCIONAL

response to temperature stimulus

response to high light intensity

pesponge (EBREIRSRY response to abiotic stimulus

response to bacterium response to stress cellular response to gravity

response to chemical defense response response to ‘nic substance

\‘;\

U \ ) D response to biotic stimulus
\_J] response to oxidative stress
response to antibiotic
response to reactive oxygen species respon 'etal on,

INTERACAO PROTEINA-PROTEINA R e

AT1G12310

AKR2B

€« c hittps: //string-db.

T
¥ STRING

AT1G74070
SIRANBP

AT2G21530

Protein by name

Protein by sequence
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PROTEOMICA: REPOSITORIO

https://www.ebi.ac.uk/pride/

PRIDE =" .
(& a9
“ PRoteomics IDEntifications Database ° :

@ Home QResources v #Tools v = Docs @About © Contact Login Register

PXD005011> cancer> human> P02768> YLEVEPVSR>

PRIDE ARCHIVE

PRIDE PEPTIDOME
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