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Fig 1. Crick’s first outline of the central dogma, from an unpublished note made in 1956.

Cobb M (2017) 60 years ago, Francis Crick changed the logic of biology. PLOS Biology 15(9): €2003243.
https://doi.org/10.1371/journal.pbio.2003243

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2003243 e W
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https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2003243

Crick FHC. On protein synthesis; 1957. Manuscript. Cold Spring Harbor Laboratory Archives,
SB/11/5/4. http://libgallery.cshl.edu/items/show/52220.



http://libgallery.cshl.edu/items/show/52220

Qual o dogma actualmente aceite?
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Splicing

MRNA ETTTEUIVIVEIMERTRIES

Alberts, B. (2015). Molecular biology of the cell 8



Adicao cauda poly(A)

Cauda poly(A) a 3": conjunto de residuos de A a pre-mRNA
previamente clivado

!

« 15300, o20nt

Lap
—#——U rich——AAUAAA CA—G/U or U rich—Af——
(USE) (DSE)

mammalian polyA signal

Nick J. Proudfoot Genes Dev. 2011;25:1770-1782

Copyright © 2011 by Cold Spring Harbor Laboratory Press




MRNA

coding noncoding

Alberts, B. (2015). Molecular biology of the cell




Traducao




Traducao

Ribossoma
tRNA
Factores de Iiniciacao

Factores de elongacao

Factores de terminacao



Grelha de leltura

Sequéncia ininterrupta de codoes desde um codao de iniciacao
ao codao stop (determina a sequéncia de aa)

— GCI JUA CGA AUU AA - mRNA
—— Alg—Cys—Leu—Arg’ i@ —— Polypeptide 1
Fr
-G CUU GU UAC GAA UUA A— mRNA
—tLeur~— Val i~ Tyr = Glul~Leur—— Polypeptide 2

-GC UUG UUU ACG AAU UAA mRBRNA
— Leutr—Phe~ Ser = lyr —Stop— Polypeptide 3

Lodish, H. (2011). Molecular cell biology

A grelha de leitura utilizada depende do inicio da traducéao
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Traducao

Iniciacao
Elongacao
Terminacao

Reciclagem do ribossoma



Alberts, B. (2015). Molecular biology of the cell

15



Modelo de Iniciacao da Traducao Eucariotas
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Modelo de Iniciacao da Traducao Eucariotas

hydrolysis of elF2-bound GTP

17 Initiation codon recognition,
and P, release
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Nature Reviews | Molecular Cell Biology

17



Seleccao codao de iniciacao

Feita pelo tRNA (elF1, elF1A, elF2, elF3 e elF5)
Posicao na 5’'UTR

Sequéncia Kozak: (5) RCCAUGG (3'), R - purina



Codoes de iniciacao nao-AUG

« Fortemente dependente da sequéncia Kozak

« Maior quantidade de elF1 — maior selectividade para AUGs

« Seleccao alterada por resposta a stress



Regulacao da iniciacao da traducao
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Regulacao da iniciacao da traducao

Stress celular: apoptose, stress oxidativo, privacao de
nutrientes, hipdxia, stress do reticulo endoplasmatico,
diminuicao de nutrientes, stress genotoxico

Mitose, diferenciacao celular

Infeccao viral



Regulacao da iniciacao da traducao

Requlacao do complexo ternario

- elF2a fosforilado liga-se fortemente a elF2B

- Fosforilacao inibe reciclagem GDP-GTP



Dephosphorylation

Ternary

complex | — l
formation

<_ ‘CReP-PP1 > ? inhibitor

elF2a
kinase
modulators

elF5

elF2B
modulators

Chu, 2018



Regulacao da iniciacao da traducao

Requlacao do complexo ternario

- Privacdo de aminoacidos, stress RE, hipoxia,
Infeccao viral, dsRNA

- GCN, PERK, HRI, PEK, PKR



Regulacao da iniciacao da traducao

Reqgulacao do complexo elF4F

- elF4E requlado por 4E-BP

- 4E-BP nao fosforilado liga-se a elF4E no mesmo
local de ligacao de elF4G — ligacao reduz traducao

mTORCH1

l P_P
— o9

4E

4E



Inactivacao da via de sinalizacao do mTOR
Privacdo de aminoacidos
Baixa quantidade de ATP
Auséncia de factores de crescimento
Privacao de nutrientes
Hipoxia

Unfolded protein response



Inactivacao da via de sinalizacao do mTOR

5" TOP ou PRTE

(pyrimidine-rich translational element)

elF4G assiste interaccao elF4E-cap

MTOR disrompe elF4E-elF4G

Hsieh et al., Nature 2012

Cell invasion/metastasis |

® Protein synthesis
i1 Cell invasion/metastasis
® Uncharacterized genes
B Metabolism
» Signal transduction
® Cellular transport
B Post-translational modifications
®m RBNA synthesis and processing
® Regulation of cell proliferation
® Development
m Apoptosis
DNA repair
® DNA methylation
® Amino acid biosynthesis



Regulacao da iniciacao da traducao

Reqgulacao do complexo elF4F

4ET : P-bodies

4EHP — ligacéo a cap

Fosforilacao de elF4G

Clivagem de elF4G

Ligacao PDCD4-elF4A



Mecanismos alternativos

o ——————

IRES

PR

—— g ——————— -
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F Ribosomal shunting
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———————————— -

3’'UTR
Kwan and Thompson, 2018
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Traducao mediada por IRES

&
UAA AUG
| IRES |

l Translation

~ @

20-kD protein
29—~

IRES
18- W

UAA AUG

lTranslation

23-kD protein

Chen and Sarnow, 1995

- Elementos de RNA que recrutam o0 ribossoma
Internamente, sem cap e sem terminal 5’



Traducao mediada por IRES

/»DENR Stress
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Traducao mediada por IRES

Inicialmente descrita em virus (EMCV e PV — 1988)

Primeiro IRES em mRNA celular: Bip

Tamanho e estrutura variavel

10% mRNAs possuem IRESSs



Traducao mediada por IRES

- Com ou sem scanning

- Com ou sem factores de iniciacao candnicos

- Com ou sem IRES trans-acting factors (ITAF)



Traducao mediada por IRES

— cis-regulatory elements underlying -
cap-independent translation
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Weingarten-Gabbay, 2016



IRES virais

Requirements

elFs ITAFs Examples Notable features
Type I (entero-/rhinovirus) elF2 PTB Poliovirus Ribosomal scanning
% e, elF3 PCBP1 EV71 downstream of
g elF4A PCBP2 BEV ribosome binding
q&; %? %" . elF4Gm Coxsackievirus to the AUG
| canning—s
Y [’ %} [ l[ i g.I AUG g+ B3
5 3
HRV2
Type II (cardio-/apthovirus) eIF2 PTB EMCV Initiates translation
elF3 ITAF,; FMDV at the site of 408
0 elF4A TMEV recruitment, 40S
S elF4B does not scan
g’ﬁ elF4Gm
Y
5’ ﬁ'i— AUG 3
Type IV (HAV-like) elF2 PTB HAV Requires eI F4E but
elF3 PCBP2 not binding to the
el[F4A la 5 cap
elF4B
elF4E
elF4G
elF2 PTB Aichivirus Does not require
elF3 DHX29 elF1 and e[F1A
N elF4A
K eIF4B
q j éﬁi elF4Gm
L L I_E‘_?g_ss_* 3

Stae

5%_&_7?1

Kwan and Thompson, 2018



IRES virais

Requirements

elFs ITAFs Examples Notable features
Type III (HCV-like) elF2 None AEV
i elF3 PTV-1
][ SPV-9
HCV-like E elF2 None HCV Direct binding to 40S
— elF3 CSFV ribosomal subunit;
- an transl.a.tes un(.ier
‘ ¥ conditions with
o low ternary
complex
Dicistrovirus None None CrPV Initiates translation
L DCV in the absence of
5 IAV any elFs in the
M A-site at a non-
%CM_S’ AUG codon
PSIV Can translate in a +1
reading frame
(ORFx)
Retrovirus elF4A hnRNPA1 HIV-1
c C:L& . elF4G hRIP HTLV-1
5[3 i ‘)J , e[5A  DDX3 SIV
5 iu_Q &LQ,\UG 3 PIV
Herpesvirus elF4F PTB KSHV-vFLIP vFLIP IRES located
{_JE:, PCBPI1 MDV in ORF of vCyclin
]
5 .ﬁUGar
OO ORF57

Kwan and Thompson, 2018



IRES virais

...... Landscape of translational regulatory -
elements in positive-strand RNA viruses

Cap-
independent
activity

5UTR Polyprotein

Weingarten-Gabbay, 2016



IRES em mMRNASs de mamifero

Cellular pathway

Name

References

Amino acid starvation
Nutrient signaling

hypoxia

Apoptosis survival

Oncogene

Mitosis

DNA damage response

Differentiation

Cold shock

Cationic amino acid transporter 1 (CAT-1)
Sodium-coupled amino acid transporter (SNAT2)
Human insulin receptor (HIR)

Hypoxia inducible factor 1o (HIF-1a)
Vascular endothelial growth factor (VEGF)
Fibroblast growth factor 2 (FGF2)

Apoptotic protease activating factor 1 (Apaf-1)
B-cell lymphoma 2 (Bcl-2)

BAG family molecular chaperone regulator 1 (Bagl)
Cellular inhibitor of apoptosis 1 (cIAP1)
X-linked inhibitor of apoptosis (XIAP)

c-myc

c-Jun

p58 PITSLRE

Cyclin-dependent kinase 1 (CDK1)

p120 catenin (p120)

p53

Serine hydroxymethyltransferase 1 (SHMT1)
Replication protein A2 (RPA2)

Homeobox transcription factor (Hox)
Platelet-derived growth factor 2 (PDGF2)
Runt-related transcription factor 1 (Runx1)
Lymphoid enhancer-binding factor 1 (LEF-1)
Cold inducible RNA-binding protein (CIRP)

Fernandez et al. 2001
Gaccioli et al. 2006
Spriggs et al. 2009
Schepens et al. 2005
Morris et al. 2010
Bonnal et al. 2003
Sella et al. 1999
Marash et al. 2008
Pickering et al. 2004
Graber et al. 2010
Riley et al. 2010

Le Quesne et al. 2001
Blau et al. 2012
Comnelis et al. 2000
Marash et al. 2008
Silvera et al. 2009
Yang et al. 2006
Fox et al. 2009

Yin et al. 2013

Xue et al. 2015

Sella et al. 1999
Pozner et al. 1999
Jimenez et al. 2005

Al Fageeh and Smales 2009

Kwan and Thompson, 2018



IRES em mMRNASs de mamifero

A
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IRES em mMRNASs de mamifero

Menos estruturados do que os virais

U
® CMCT A i
@ RNAse V1 ©-G
RS me
e T
G-U
C. G'ﬂ’
S
oV 5600 G
b 6-C
"
s o K%
e _AG_ @ ©-G
- G-C
A Ae® 6-0
L J¥) ce 0-@
oU A e .6
C-G *A G
G-C *A a
G G G-C
c-G [l e’,l:)-G
c-G C Ae
c-6 UG G Ae
U-A%¢ G G® G-C
| G G G G-©
C-G C-G G-U
16-C——GBEG-C —AC-CAGGGCAA
30 42 * L X J

124
GAUG
*o09¢

Marques-Ramos, 2017



IRES em mMRNASs de mamifero

Podem-se ligar directamente a
subunidade ribossomal 40S

140 1
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Marques-Ramos, 2017



IRES em mMRNASs de mamifero
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IRES em mMRNASs de mamifero

B Cap-independent translation

g;’i 04 é é,) 04 — edek
83 03 g% 03
23 o \/w\ g% 0
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Significado bioldgico dos IRES

1. Permitir producéo de proteinas de resposta a stress
(stress transiente)

« Stress RE: p86 — traducao de HIAP2.

« Stress genotoxico — traducao de p53, relocalizacao de PTBP1 no
citoplasma.

* Hipodxia — HIF1a
« Choque térmico — HSPA1A

2. Permitir apoptose (stress cronico)



Perpectiva evolutiva traducao IRES

Menor eficiéncia traducao
Envolvimento de menos factores de iniciacao
Alguns funcionam por interaccoes mMRNA-rRNA

Forma ancestral de iniciacao da traducao eucariota?



Traducao mediada por Cap-independent
translation elements (CITES)

Descoberto no satellite tobacco necrosis virus (STNV)
Independente de cap, com scanning
Requer terminal 5

Presentes na 3'UTR: Ligam-se a maquinaria de traducao e
estabelecem interacoes com 5’ UTR



Traducao mediada por Cap-independent
translation elements (CITES)

Varios mecanismos de actuacao:

* |nteraccao com componentes de elF4F
* Interaccao com ribossoma (60S)

* PIC formado no terminal 3’:
— Interaccoes 5 UTR-3’'UTR
— Interaccéao ribossoma com 3UTR e S’UTR



Miras et al, 2017



Type Examples Notable features

TED (STNV) STNV Binds elF4F
PLPV Apical loop interacts with hairpin in 5'UTR
PCLPV
gk
BTE (BYDV) Alphanecrovirus Binds elF4G, elF4E-independent
Betanecrovirus Up to six stem loops can radiate from central hub
Dianthovirus
Luteovirus
Umbravirus
gl
PTE (PMV) PMV Binds elF4E
P PEMV2 Base-pairing interactions (dotted lines) form pseudoknot
SCV
sl
ISS (MNSV) MNSV Binds intact elF4F
4} MNeSV Apical loop interacts with hairpin in 5'UTR
gdba
YSS (TBSV) TBSV Requires el F4F/elFis04F
CIRV 5" hairpin interacts with hairpin in 5 UTR
T
TSS (TCV) TCV TCV TSS competes with tRNA for P-site binding in 608
%Sl,ia‘ PEMV2
CXTE (MNSV) MNSV elF4E independent
5
3
PLPV, Pelargonium line pattern virus; PCLPV, pelargonium chlorotic ring pattern virus; BYDV, barley yellow dwart virus; Kwan an d Th 0 m pSO n y
PMV, panicum mosaic virus; SCV, strawberr}' crinkle virus; MNSV, melon necrotic spot virus; MNeSV, maize necrotic streak
virus; TBSV, tomato bushy stunt virus; CIRV, carnation Italian ringspot virus; TCV, turnip crinkle virus. 20 18



Traducao mediada por m°A

- Residuos N°-metiladenosina (m°A)

Central dogma Chemical modifications

DMA replication Reversible
m DMA methylation

m*C hm*C

?

mBA coverage
= [ £

ranzcription
& &
& Reverzible mA hm-A
3 RMA maethylation
RNA M >
i —

Reversible histone Ma Ac

methylation or
i acetylation
Protein >
-

Fu, 2014

o

— Control — Starvation

L1 1

5UTRS CDS * 3UTR

Zhou, 2018



Traducao mediada por m°A

- Liga-se a elF3 permitindo o recrutamento do ribosoma
- Requer o terminal &
- Envolve scanning

408

¥ :
s

cap-dependent translation

lCeIIular stress

4
< ).< i W/‘”
5 cap

m*A-mediated
cap-independent translation

Meyer, 2015



Traducao mediada por m°A

- Resposta a stress (chogue térmico)

Mormal condition Stress condition ﬁ

“.‘i*l.l\mfﬁ% Nucleus
FTO - @ .

Cytoplasm ,l,
i Vo
T o
Cap-dependent Cap-independent
MRNA translation MARNA translation

Zhou, 2015



Ribosome shunting

Translocacao do ribossoma de um local dador para o
codao de iniciacao

Requer cap, elFs e scanning até local dador
Virus: CaMV, adenovirus, ...
MRNAs celulares: BACE1, clAP2, HSP70

Traducao de sORF com translocacao para traducao de
ORF a3



mRNA hairpin Polypeptide

\ chain
-=.
60S e

Shunting

Sriram, 2018



Translation Initiator of Short S’UTR (TISU)

Ocorre em 5’UTRs pequenas

Localizado a 5-30 nts da cap

Estruturas de 12nts (SAASAUGGCGGC, S=C/G)
Dependente de cap, sem scanning

Metabolismo energético, mitocondrial, sintese proteica



Canonical translation initiation

48S recruitment

[ATP]¢: [AMP]? @ @

Translation initiation via TISU
mitochondrial genes

48S recruitment

Sinvani, 2015



G-quadruplexes

- Estruturas secundarias formadas por regides ricas em G

- Reducao traducao mediada por cap

- Aumenta traducao por IRES



G-quadruplexes

5,'('?'x"\l (1-7) 'Gx'N (1-7) 'Gx'N (1-7) 'Gx'3,

Song, 2017




G-quadruplexes

e
>

-l

AUG UGA
W it L bl M
G o B i
5’-UTR ORF 3'-UTR
r = \ A Y 1 l
MT3-MMP  MAP1B FGF2 FMR1 PIM1
TRF2 PP2A VEGF EBNA1 TP63
ADAM10 TGFp2 APP LRPS
EBAGY MYC MLL1 FXR1
AASDHPPT NOTCH1 MLL4 APP
FZD2 MYB PITX1
BARHL1 CDK6
NCAM2 MDM2
THRA CCND3
FMR1 ETS1
ZIC-1 BCL-2
NRAS APC
ERS1 HIRA
H2AFY TOM112
AKIRIN2

Song, 2017




Proteinas de ligacdo ao RNA

* |IRES trans-acting factors (ITAFs)
— IMP1 (clAP1, IGF2)
— PTB (virus — alteracao estrutura)

ITAF References Crganism
FTE/hnRNFP1 [112-115] Viral, eukaryotic
hnRMNPA1 [116-118] Eukaryotic
ITAF(45) [112] Viral

La autoantigen [119] Viral, eukaryotic
UNR [120,121] Viral, eukaryotic

« Recrutamento de 40S
« Proteinas nucleares, nucleo-citoplasma



Proteinas de ligacdo ao RNA

* Proteinas ribossomais — especializacdo dos ribossomas

Absolute Quantification of RPs by Mass Spectrometry

L5 4 _.—Missing RPL
* - ——Missing RPS
= RP peptide standard g8
£ / ~ L
£ I\ Endogenous RP
B Time , Mouse ES cell
Translational Profiling 5'UTR
= . - Regulatory Element
¢ 0o " 0.
T & -t R o
- . s &
Total Ribo-Seq I Rito-Seq N
. —_—
— -
Gene Network Analysis .ﬁ W Riuc Fluc
(T ——y gt ARA - ARA
{ == AAA L ] ARA
= \-. N A = N
N (~1M b x (\_1AM\
* System development » The cell cycle
- ECM « Vitamin B12 pathway

» Steroid metabolism

Shi, 2017



Proteinas de ligacdo ao RNA

pasrct] @ vexi i

DDX3X CAPRIN1

UUAUUU

UCCAACA
RAC1

O O vsi1
CJract [Irece YBX1 © rasrcH Ouvsii &

O ract [ ract YBX1 AAAA O vsi O s
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O vsi1

© RBP [[] Other protein =ll= Binding site

Daci, 2017



UORFs

— Initiation:

pa— small
- peptide
U{JE—‘) Main ORE —> Initiation:
. 2Uc | uORF ave] Main ORF_
4[}5 llllllll:::;;lllllll}
e — |nitiation: —> Initiation:
605 long short
k _) protein protein
\ isoform isoform
. AUG AU0G Main ORF :
4DS IIIII::;;IIII}
@ —3 Initiation: —3 Initiation:
\ proteini protein2
AUc ORF1 LUG ORF2 )
llllllllllll}

or Sriram, 2018



Leaky scanning

- UORF
- 2 AUGs na mesma grelha de leitura: 2 isoformas proteicas

- 2 AUGs em grelhas de leitura diferentes: 2 proteinas
diferentes

- Frequéncia depende de elF1 e elF5



UORFs

 Efeito na main ORF é determinado
— contexto Kozak do uAUG
— Reiniciacao

» Tamanho e complexidade

» Distancia entre codao stop da uORF e codao de iniciacao
da main ORF

» Disponibilidade de CT
» Abrandamento do ribossoma pelo peptido



Reiniciacao da traducao

e UAUG num contexto forte
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Traducao e carcinogénese

« Desregulacao da traducao iInduz proliferacao,
sobrevivéncia, angiogenese, alteracdes na resposta imune,
resisténcia a terapia

MutacOes em cancro afectam traducao:
1. Aumentam traducao por cap
2. Activam vias alternativas

Aumento traducao de oncogenes, diminuicao traducao genes
supressores tumor
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Traducao dependente de cap e carcinogénese

Processes up-regulated in cancer
Processes down-regulated in cancer

CANCER

1}
\ 60S Oncogenes
n7G | AUG | Main ORF

43S - 408

« Reversao do aumento da fosforilacao de elF2a

» Sobreexpressao de componentes de elF4F

* Sobreexpressao de componentes de elF3
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Clinical correlates in cancers

* Decreased survivalin breast, head and neck, liver, prostate, bladder and stomach
cancers

* Correlates with disease progression and aggressive subtypes in many cancers,
and with resistance to chemotherapy

* Elevated in early stages of development of breast, colon, gastric and lung cancers
* Increased in prostate cancer and correlates with androgen independence
* Poor-prognosis marker in non-small-cell lung cancer

* Inversely correlates with tumour grade
* Correlates with better survival in lung and prostate cancers
* Correlates with absence of lymph node and distant metastases in gastric cancer

Possibly responsible for loss of translational control in 50% of pancreatic tumours

Correlates with tumour grade and poor prognosis in breast, lung, ovarian and
prostate cancers

* Amplification correlates with aggressive stages in lung cancer
* Overexpressed in inflammatory breast cancer and cervical cancer
* Correlates with poor prognosis in nasopharyngeal carcinoma

Overexpressed in lung and cervical cancer; lowered expression after radiation
predicts better survival in cervical cancer

* Associated with poor prognosis in breast, lung, colon and ovarian cancers
and gliomas
* Inversely correlated with advanced tumour stage in renal cell carcinoma

Correlates with aggressive lymphoma subtypes

Correlates with poor prognosis in early-onset colorectal cancer. Overexpression
of elF5A2 correlates with local invasion in non-small-cell lung cancer and
hepatocellular carcinoma

* Regulates ribosome biogenesis and 405-60S joining. Promotes transformation
and lymphomagenesis

» Elevated in colorectal cancer, head and neck carcinomas and ovarian serous
carcinoma; low expression correlates with reduced disease-free survival in
ovarian serous carcinoma; mediates lymphomagenesis in Shwachman-Diamond
syndrome

Associated with breast, cervical, cesophagal, lung and stomach cancers
Associated with bladder, breast and prostate cancers

Associated with meningioma and testicular seminoma

Associated with breast, colon, liver and prostate cancers

Associated with breast, head and neck, and liver cancers, as well as melanoma
and neuroblastoma

Associated with colon cancer

Associated with breast, lung and prostate cancers

Associated with breast, colon, small intestine, ovarian, pancreatic and vulval
cancers and melanoma

Bhat, 2015



Potencial terapéutico de elementos reguladores
da traducao

1. Disrupcao elF4F

- Inibicao elF4E
Ratinhos — reducao do crescimento tumoral

Ensaios clinicos (LY2275796)
1. Estabilizacao (varios tipos de cancros)
2. Muita toxicidade (juncao com irinotecan)



Potencial terapéutico de elementos reguladores
da traducao

1. Disrupcao elF4F
- Impedimento da interaccao elF4E-cap

Analogos de cap:

 Cmpdh#33

 4EiI-1 (torna células cancerigenas pulméo sensiveis a
gemcitabina e células de mesotelioma a pemetrexed).



Potencial terapéutico de elementos reguladores
da traducao

1. Disrupcao elF4F

Impedimento da interaccao elF4E-elF4G

4EGI-1

4E1RCat

4E2RCat



Potencial terapéutico de elementos reguladores
da traducao

1. Disrupcao elF4F

- Inibicao de elF4A

« Pateamina A: remocao de elF4A do complexo elF4F

« Hipuristanol: impedimento interaccao elF4A com RNA

 Rocaglate: liga-se a elF4A, reduz guantidade de elF4A em
elF4F.



Potencial terapéutico de elementos reguladores
da traducao

1. Disrupcao elF4F
- Inibicao de elF4G
* BI-69A11

 SBI-756



Potencial terapéutico de elementos reguladores
da traducao

2. Disrupcao do complexo ternario
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Potencial terapéutico de elementos reguladores
da traducao

2. Disrupcéo do complexo ternario
- GADD34 e CReP defosforilam elF2a
- Salubrinal (doencas neurodegenerativas)

- Guanabenz (cancro da mama — diminuicao proliferacao,
sobrevivéncia, invasao)



Potencial terapéutico de elementos reguladores
da traducao

2. Disrupcéo do complexo ternario
Compostos que aumentam fosforilacao de elF2a
* Flavonoides

« Genisten

* Quercetin

Efeitos citotdxicos em células tumorais in vitro



Potencial terapéutico de elementos reguladores
da traducao

2. Disrupcéo do complexo ternario
Prevencao ligacao Met-tRNAI a elF2
- NSC119889

- NSC119893



Potencial terapéutico de elementos reguladores
da traducao

« Direccoes futuras

- elF4A-elF4G

- elF3

- elF4B






