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Transcripcion + traduccion

colinealidad se secuencia de nucleodtidos en el DNA y
de aminoéacidos en la proteina

3
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amino acids in the protein.

The concept of colinearity.

Colinearity suggests that a continuous sequence of nucleotides in DNA encodes a continuous
sequence of amino acids in a protein.
http://www.nature.com/scitable/topicpage/what-is-a-gene-colinearity-and-transcription-430 5

Transcripcion + traduccion

colinealidad se secuencia de nucleodtidos en el DNA y
de aminoéacidos en la proteina
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A transcription unit includes a promoter, an RNA-coding region, and a

terminator.
http://www.nature.com/scitable/topicpage/what-is-a-gene-colinearity-and-transcription-430




transcripcic')n y procesamiento de RNA

i — - — DNA

the two strands in
CNA are separated

a hybrid with messenger ANA

N

messenger ANA

J ona of the DNA strands forms

Figure 2 : Schematic representation of the experiment that demonstrated that adenovirus DNA contains split genes.
The genetic information in the messenger RNA resides in the DNA as four segments, which are separated by three
intervening regions (a, b, and c). In the experimentally produced hybrid between one of the DNA strands and_ the
RNA, the intervening sequences in the DNA strand appear as loops, i.e., the corresponding segments lack
counterparts in the RNA. The hybrid could be directly visualized in the electron microscope.

Capping + splicing + poliadenilacion
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la secuencia de aminoacidos de la proteina

no siempre refleja
la secuencia continua de nucledtidos en el genoma
splicing de pre-mRNA (eliminacion de intrones)

splicing alternativo
(varios polipéptidos a partir de la misma secuencia de DNA)

edicion del mRNA
corrimiento del marco de lectura (translational frameshifting)

procesamiento proteolitico de polipéptidos
(en algunos casos se obtienen productos alternativos en diferentes tipos celulares)

splicing de proteinas (eliminacion de inteinas)

Glicosilacion, fosforilacion y otras modificaciones covalentes de proteinas

splicing alternativo




Alternative splicing — More bang for the buck

exon
ero™ A . & gro™ A SRon s protein A
intron *on 3 '—l—
Moy intron 1 5
i i 3 | —_—
primary transcript edited mRNA transcripts

protein B

This has the consequence that the count of our genes (~20,000)
seriously underestimates the count of our different proteins.

splicing alternativo
los RNAs pueden procesarse de diferente manera eliminando
parte del producto de transcripcion original

{a) Alternative 3' exons
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splicing alternativo

Poly(A) sites 5' Splice site 3" Splice sites  Poly(A) site
Al Ag
DNA ¢ & DNA

11010 NN 7 ===

v

iz

Primary A} Ag Primary
transeript transcript
Cap Cap
Cleavage and
polvadenylation
Cleavage and Cleavage and
polyadenylation | polyadenylation
at Ay at Ag 11T NN 75 S
Splicing

W s, 0 o, DIIISSSSESR asac, NIESSS asna,

Mature Mature
mRNA mRNA
{a) (b
11
(a) Alternative splicing (b) Multiple 3" cleavage sites
DNA Intron 1 Intron 2 DNA Intron
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3" cleavage site i
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Exon 2 I
Either two introns ...or two introns and
are removed to Alternative exon 2 are removed to RNA mRNA products of RNA
yield ane mRNA. .. RNA splicing | yield a different mRNA. | splicing|  different lengths are splicing
produced after splicing.
manA Vo mRNA . .
Ll Exon | EITENAAAAA 3° 5 EITHNSTTENAAAAA 3° 5’ I AAAAA 3’ 5’ I AAAAA 37
Intron 1 Intron 2 Intron 1, exon 2, Intron 1 Intron 1
and intron 2

Conclusion: Both alternate splicing and multiple 3° cleavage
| sites produce different mRNAs from a single pre-mRNA.

Eukaryotic cells have alternative pathways for processing pre-mRNA.

(a) With alternative splicing; pre-mRNA can be spliced in different ways to produce different mRNAs. (b) Witp
multiple 3 cleavage sites, there are two or more potential sites for cleavage and polyadenylation; use of the
different sites produces mRNAs of different lengths.




Tissue-specific RNA splicing controls expression
of alternative fibronectins
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Traduccién de un mRNA editado
translation of edited mRNA

mRNA original no editado '&
C = U

4
Humanliver 5 - EAACTECACACAUAUAUGAUAC A AU UEA UE A guay- 3
{apoB-100) Glo— Len — Glo — Thr — Tyr — Met — Ile — Gln— Phe — Asp — Glon — Tyr
Human intestine- - A A|C U Gl A GACATAUATGATAUAAUT UGAUCAGUATU
{apoB-48) Gln— Leu — Gln — The — Tyr — Met — e Stop
Residue number 2,146 2,148 2,150 2,152 2,154 2,156

MRNA editado g

15

codon 2,153
within exon 26
[

3

pre-mRNA

splicing del pre-mRNA

3

mRNA AR
Iransport to liver fransport to intestine
f - . (site-specific deamination),
e Edicion del mRNA cAn—> uAn
CAR a UAR 3
translation ., translation
traduccion del mRNA
glutamine
N ]+ N 1
4,563 aa protein 2,153 aa protein

FIGURE 13-24 RNA editing by deamination. The RNA made fiom the human apolipoprotein
gene 5 edited in a tissue-specific manner by deamination of a spealfic cytodine to generste a undine. This
event ocaurs in RNAs destined for the intesting, but not those for the liver. The result, as described in the tes,
is that a stop codon introduced into the intestinal MRNA generates a shorter protein than that produced in the
liver. The figure 1s not drawn to scale: thus the edited exon is exon 26; and the codon marked as filing itis in

reality only a very short part of that exon.




RNA editing alters the sequences of
pre-mRNAS

A mammalian example

> CAA TAA
b h
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mANA 5 I ¥ _A, 5 > ¥ A,
1 4536 1 2152
Proteins NH, [ COOH NH2|:| COOH
Apa-B100 Apo-B48
Figure 11-39
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MRNA editing can regulate the function of protein
products — e.g., AMPA receptor gene in mammals

Genomic DNA
Transcription
Intron
Pre-AMPA T CAUUAAG A
receptor RNA
l No RNA editing RNA editing
Intron ) : ~Intron

_UCAUUAAG A _UCAUUAGG A

lSpIicing / lSplicing /
ngﬂiiAieA %&JT&E

AMPA Cell membrane AMPA

receptor Properties of Arg-containing receptor receptor
channel are different from Gly-containing Fig. 1¥818
receptor channel.




RNA editing in protozoans

Editing in the kinetoplast of trypanosomes

GCA AG-G-UCA G EUAUE A <— Unedited pre-mRNA
(.: SE—U—U\ /C_C. {\—Q }J C G A UAAG U*I—QRNA
IR T 5
AG GA
G
l’FlNAedillng
: ® ® @ @ @
G UUUUUCAAUGGUUUUUCUWUAGTCWUAU C A-<~—Editedpre-mRNA
CGAGGGGUUACCGGAGAGAAUCGAUAGU;I—QFINA
Figure 11-40
19
translation of edited mRNA
DNA 5-—-JAAAGT A[GA GAACICT GlGT A3
) -—— Lys — Val Glu Asn  Leu Val
Edited ) ) ) i
mRNA ——[A A AlG U Al[c A U|U G UJ[A U Allc ¢ Ul[G 6 U|---
Lys Val — Asp — Cys Ile Pro Gly -—-—-
B ——
(a)
mRNAS-—-AAAGUAGAUUGUAUACCUGGU 3
L ] [ ] [
UUAUAUCUAAUAUAUGGAUATU
Guide RNA
3? 5!
(b)
20
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RNA editing

DNA
coding 5-———[A A A[GT AJ[G A GJ[AAC|CT GG T Al-— 3
strand  ___ pye — wal Glu Asn Leu Val ——-
Edited
mRNA ---[A A Al U All¢ A U|[U G UJJA U Allc ¢ UG & U-———
=== lpp = VAl = &p = Gp = b = Fo = @y == FIGURE 2 RNA editing of the tran-
L N ) .
script of the cytochrome oxidase
(a)

subunit Il gene from [rypanosoma

) . brucei mitochondria. (a) Insertion
mENA 5-——- A A AGUAGAUUGUAUACCUGGU-——3 of four U residues (pink) produces a

Guide RNA UU A {} AUCUAA {} AUAUCGC A ;] AU revised reading frame. (b) A special
S -) class of guide RNAs, complemen-

3 5" tary to the edited product, may act

(b) as templates for the editing process.
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Corrimiento del marco de lectura
Translational frameshifting

Len — Gly — Len — Arg — Len — Thr — Asn — Len  Stop

gogreadingframe 5" - C U A Glev e e el U GA C AAAUUTAUAGGG AGE GO C A 3

ne CUAGGGCUCCGCUUGACAAMAUVUUU[ATAGGG|AGE[GCCa
Ile Gly Arg Ala

pol reading fr.

gag EEEE N - >
gag-p0| EEEEN

Ejemplo: retrovirus 22
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viral RNA

B 3
3 3
RNA *RNA -
I 1 S l l pseudoknot T 1 5 |!
5m== UUUUUAGGG 5= = UUUUUAGGG
] 1 i 1 T T 1 frameshift following
i i i i ; i 4 kK Leu incorporation
[ tv-{ehe teulioly —etc HaN-— Phe Leu Arg —-etc
protein \/ \\/
H:N I - COOH H:N : : -COCH
Gag protein Gag-Pol fusion protein
NO FRAMESHIFT (90% of ribosomes) FRAMESHIFT (10% of ribosomes)

gag IIIII—

gag_pol I I I

III>

Figure 6-78 The translational frameshifting that produces the reverse transcriptase and integrase of a

retrovirus. The viral reverse transcriptase and integrase are produced by proteolytic processing of a large protein (the Gag—Pol fusion protein) consisting of both
the Gag and Pol amino acid sequences. Proteolytic processing of the more abundant Gag protein produces the viral capsid proteins. Both the Gag and the Gag—
Pol fusion proteins start with identical mRNA, but whereas the Gag protein terminates at a stop codon downstream of the sequence shown, translation of the
Gag-Pol fusion protein bypasses this stop codon, allowing the synthesis of the longer Gag—Pol fusion protein. The stop-codon-bypass is made possible by a
controlled translational frameshift, as illustrated. Features in the local RNA structure (including the RNA loop shown) cause the tRNALeu attached to the C-
terminus of the growing polypeptide chain occasionally to slip backward by one nucleotide on the ribosome, so that it pairs with a UUU codon instead of the UUA
codon that had initially specified its incorporation; the next codon (AGG) in the new reading frame specifies an arginine rather than a glycine. This contrpied
slippage is due in part to a pseudoknot that forms in the viral mRNA (see Figure 6-102). The sequence shown is from the human AIDS virus, HIV. (Adapted from
T. Jacks et al., Nature 331:280-283, 1988. With permission from Macmillan Publishers Ltd.)

Frameshift: traduccion del gen RF2

[ o~

- 1 o o o o 4 RF2

Unién de RF2
terminacion de
l RF2 (bajo) la traduccion
Pausa

Frameshift: UGAC se lee como GAC y

sigue en el marco de lectura +1
24
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la secuencia de aminoacidos de la proteina no siempre refleja
la secuencia continua de nucledtidos en el genoma

Exen 1 | Intron 1 | Exon 2 | Intron 2 | Exon 3
) *
Gene [ i |G
%4

mANA ] ]

1 zay 28 1ot
Preproinaulin @ el Ala[Phe A:n[@

1 2 l

Leader seq.
1 30§81 65466 86

[Phe Leu[Gl Arg [Gly  Asn | Proinsubin

1

1 35 Kay:
Glu Arg [ | Uniranslated
. Connecting peptide 1 21 reglen
[Ehe_Teu] (G Asn] ¥ Cleavage site

Ingulin B chain
Ejemplo: insulina
del gen a la proteina activa

Insulin A chain

Gen (DNA)...
transcripcion...

Pre mRNA

Procesamiento

(remocién de intrones, cap, poliA)
0JO: esto ocurre de manera co-
transcripcional

mRNA (maduro)...
traduccion...
Pre-pro-proteina
modificaciones co- y pos-
traduccionales
(direccionamiento, remoci6n del
péptido sefial, cortes proteliticos en
sitios especificos; ver puentes
disulfuro en la figura siguiente)
polipéptido maduro

Figure 1.23. Insulin synthesis involves multiple
post-translational cleavages of polypeptide
precursors. The first intron interrupts the 5
untranslated region; the second intron interrupts
base positions 1 and 2 of codon 63 and is classified
as a phase | intron (see Box 14.3, and also Figure
1.19 for other intron phases). The primary translation
product, preproinsulin, has a leader sequence of 24
amino acids which is required for the protein to cross
the cell membrane, and is thereafter discarded. The
proinsulin precursor contains a central segment, the
connecting peptide, which is thought to be important
in maintaining the conformation of the B chain
segments so that they can form disulfide bridges
(see Figure 1.25). Strachan: Human Genetics
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(al Constitutive secretory proteins
Proalbumin
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(b) Regulated secretory proteins
Proinsulin

procesamiento
proteolitico
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Genentech

Genentech Inc., a composite of Genetic Engineering Technology, Inc., is a leading biotechnology corporation, which was
founded in 1976 by venture capitalist Robert A. Swanson and biochemist Dr. Herbert W. Boyer.

It is considered to have founded the biotechnology industry

1982 - Synthetic "human® insulin

expressed in E. coli; approved by the U.S. Food and Drug Administration (FDA),
thanks largely to its partnership with insulin manufacturer Eli Lilly and Company, who
shepherded the product through the FDA approval process. The product (Humulin)
was licensed to and manufactured by Lilly, and was the first-ever approved genetically

engineered human therapeutic.
1985 - Protropin - 'y arowth hormone for children with growth hormone deficiency (ceased manufacturing December 2002).

1987 - Activase -A inant tissue activator (tPa) used to dissolve blood clots in patients with acute myocardial infarction. Also used to treat non-hemorrhagic
stroke.

1990 - Actimmune (interferon gamma 1b) - Treatment of chronic granulomatous disease (licensed to Intermune).

1993 - Nutropin i pin) - Growth hormone for children and adults for treatment before kidney transplant due to chronic renal insufficiency.

1993 - Pulmozyme (dornase alfa) - Inhalation treatment for children and young adults with cystic fibrosis - recombinant DNAse.

1997 - Rituxan (rituximab)- Treatment for specific kinds of non-Hodgkins lymphomas. In 2006, also approved for rheumatoid arthritis.

1998 - Herceptin - Treatment for breast cancer patients with tumors that overexpress the HER2 gene. Recently approved for adjuvant therapy for breast cancer.
2000 - TNKase (tenecteplase) - "Clot-busting” drug to treat acute myocardial infarction.

2003 - Xolair (omalizumab) - Subcutaneous injection for moderate to severe persistent asthma.

2003 - Raptiva (efalizumab) - Antibody designed to block the activation and reactivation of T cells that lead to the development of psoriasis. Developed in partnership with XOMA. In 2009,
voluntary U.S. market withdrawal after reports of progressive multifocal leukoencephalopathy.

2004 - Avastin (bevacizumab) - Anti-VEGF monoclonal antibody for the treatment of metastatic cancer of the colon or rectum. In 2006, also approved for locally advanced, recurrent or

metastatic non-small cell lung cancer. In 2008, accelerated approval was granted for Avastin in i with for pi ly untreated advanced HER2-negative breast
cancer. Additional filings have been made for Avastin in previously treated glioblastoma and kidney cancer.
2004 - Tarceva (erlotinib) - Treatment for patients with locally advanced or ic non-small cell [ung cancer, and p: ic cancer.

2006 - Lucentis (ranibizumab injection) - The U.S. Food and Drug Administration (FDA) has approved LUCENTIS(TM) (ranibizumab injection) for the treatment of neovascular (we je-related
macular degeneration (AMD). The FDA approved LUCENTIS after a Priority Review (six-month). Genentech started shipping product on June 30, 2006, the day the product was afproved.

Rutas de procesamiento alternativas de la prohormona pro-opiocortina

POMC: pro-opio-melano-cortin precursor

pro-opiocortin

[ . | || | cooH

HzN
e |
signal
papeie | el
corticotropin fi-lipotropin
l [ACTH) / ‘ \\

B [ N Em

o-MSH lipotrapin B-MSH fi-endarphin

Alternative processing pathways of the prohormone pro-opiocortin. The initial cleavages are made by membrane-
bound proteases that cut next to pairs of positively charged amino acid residues (Lys-Arg, Lys-Lys, Arg-Lys, or Arg-Arg
pairs), and trimming reactions then produce the final secreted products. Different cell types contain different processing
enzymes, so that the same prohormone precursor can be used to produce different peptide hormones. In the anterior
lobe of the pituitary gland, for example, only corticotropin (ACTH) and b-lipotropin are produced from pro-opioc W
whereas in the intermediate lobe of the pituitary, mainly a-MSH, g-lipotropin, b-MSH, and b-endorphin are produced.
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splicing alternativo del gen de calcitonina
y procesamiento proteolitico

Inteinas (splicing de proteinas)
RNA vs. protein splicing

Protein Splicing:
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1 T
Transcription
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T T
Translation l
Protein B [ centein
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C H HHC
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1 T
Transcription
FNg4  Exon-l Infron | Exon-2
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_ 4
Translation
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Protein

DM polymerase gene

Splicing

|
transeription & translation

intein

D& polymerase
|

intein zelf-remowval

%00%

DMA polymeraze intein

r. YT Ty
- -

new coply

ariginal copy nEw Copy

http://soils1.cses.vt.edu/ch/biol_4684/Microbes/inteins.qif
T. littoralis is the source of vent DNA polymerase, used extensively in PCR. When
scientists at New England Biolabs cloned the gene for the enzyme, they were
surprised to find that it contains an extra sequence of non-DNA-polymerase. They
assumed it was an intron, but found that the mRNA isn't spliced and the extra
sequence is translated into a novel domain in the enzyme.

This polypeptide domain is a peptidyltransferase that specifically splices itself
out of the DNA polymerase, rejoining the 2 parts of the DNA polymerase as it
leaves. This protein-splicing reaction is remarkably analogous to RNA-splicing by
introns, and so it's called an ‘intein’ (intervening protein).

Once the intein has removed itself from the DNA polymerase, it has another activity
- itis a transposase. This enzyme cleaves DNA specifically at the ends of the
intein-encoding sequence and directs a DNA repair process that results in the
insertion of the intein DNA into other protein-encoding genes - in other words, the
intein DNA is also a transposon.

— jOJO! esta inteina es una

transposasa que cataliza
la insercion del DNA en
nuevos lugares 33

Post-transcriptional control mechanisms

A

MOLECULAR PROCESS POSSIBLE REGULATION

PRE-mRNA TRANSCRIPTION

( Cotranscriptional RNA
splicing and cleavage

Regulation of alternative
/ | RNA splicing and cleavage/

polyadenylation | polyadenylation

RNA editing (rare

Nucleus RNA editing (rare)
Nuclear export 8 Regu Iat(i.?;rg}f export
Cytosol NPC

Cytoplasmic | Regulation of

localization (rare)

Translation
initiation

Decapping and

Degradation of
\ improperly processed RNA

) | Cell-type-specific

cytosolic localization

Regulation of
translation initiation

Regulation of

\ mRNA decay | mRNA decay
\umRNA decay
34
AMOUNT OF SPECIFIC PROTEIN PRODUCED
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Niveles de traduccion

Disponibilidad de mRNA:

Niveles de transcripcion y degradacion
Transporte del mRNA al citosol (RNP)
Estabilizacion — desestabilizacion del mRNA
Accesibilidad a la maquinaria de traduccion

35
Degradacion de mRNA
Decapping pathway Deadenylation-dependent Endeonucleolytic
(deadenylation-independent) pathways pathway
S A AAAAA S A AAAAA O e AAAAAA
Endonucleolyti
Paly(A) shartening l"ﬂc“?“‘;‘l‘-’ rolytic
Decapping —— ¢ :) —_—————— Q_ AAAAAA
3§
Der.'\ppr \ Exonucleolytic /
@ Q decay
o ——— AAAAAA | @ A E l
\‘ 5 =+ / Exosome
Exonucleslytic
decay
€

36
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Untranslated regions control mRNA stability
e.g. transferrin receptor
Transferrin receptor — role to get iron into cells. Important that it is expressed in

low iron conditions to get as much iron (essential to cell) into the cytoplasm
but also important to reduce iron uptake when too much iron around

At high iron concentrations, IRE-BP undergoes a conformational change and cannot bind mRNA

(b) TFR mRNA IREs
AU-rich region
High iron ﬁ?/ ot ‘:."
5 An > lla~
I-'\ _J_ )
L ,i( ~r
Inactive IRE-BP ' -
nac Degraded
mono-
Active IRE-BP Q nucleotides
Low iron < ? q ?
5 A, —7/—> Little
degradation 37

Untranslated regions control mRNA accessibility
e.g. ferritin

(a) Ferritin mRNA
IREs COOH

High iron H,N
A, —>

n

Inactive IRE-BP Translated

ferritin
Active IRE-BP Q

Blocks accesss
to translation .

. Low iron
machinery

5 A, +> No translation

initiation

38
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Regulacion del transporte de mRNAs de HIV
= | |

/
R

l Transcription, splicing
CYTOPLASMIC mRNAs

NUCLEAR mRNAs

9-kb o = e 1
Unspliced
4-kb [~ P m
Singly spliced t~a T Q
2-kb - =N @ Rev protein
Muitiply spliced Sa e Y 2 kb Translation
~ s
Nucleoplasm Cytoplasm
A FIGURE 12-26 Role of Rev protein in transport of HIV mare alternative introns. After transpaort to the cytoplasm, the
mRNAs from the nucleus to the cytoplasm. The HIV genome, various RNA species are translated into different viral proteins.
which contains several coding reglons, is transcribed into a single ey protemn, encoded by a 2-kb mRNA, interacts with the Rev-
G-kb primary transcript, Sevaral =4-kbh mRENAS result from response element (RRE) in the unspliced and singly spliced
altemative splicing out of any one of several introns (dashed mRNAS, stimulating their ranspot to the cytoplasm. [Adapted
lines), and several =2-kb mENAS from splicing oul of two or trom B, B, Cullen and M. H. Malim, 1291, frands Biochern, Sci, 16:346.]

control of cytoplasmic polyadenylation
and translation initiation

Translationally dormant GUA Translationally active

mRNA
CPE Poly(A)
signal
A FIGURE 12-28 Model for control of cytoplasmic specilicity lactor (CPSE) then binds to the polylA) site, interacting
polyadenylation and translation initiation. Left. In immature with both bound CPEB and the cyteplasmic form of poly(A)
oocytes, mRNAs containing the Uerich cytoplasmic polymerase (PAF), After the poly(A) tail is lengthened, multiple
polyadenylation element (CPE) have short poly(A) tails, CPE- coples of the cytoplasmic poly(A}-binding protein | (PABFI) can

binding protein (CPEB) medioles repression of ranslation through Bind to it and imteract with elF 4G, which tunctions with other

the interactions depicted. which provent assembly of an initiation initiation factors to bind the 405 ribosome subunit and initiate
complex at the 5 and of the mRNA. Righr: Hormane stimulation translation. [Adapted from R Mendez and J. D Richter, 2001, Manre
ol oocyles aclivates a protein kinase that phosphorylates CPEB, Rav. Mal Call Bial. 2:521]

causing it to release Maskin, The cleavage/polyadenylation
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Reconocimiento del cap
y “barrido” (scanning) del mRNA

Cap

AUG UAA

Para que se produzca el scanning de la subunidad 40S es
necesaria la estructura del cap. El factor responsable de este
reconocimiento es elF-4F que esta formado por:

- elF-4E: con actividad de cap binding protein

- elF-4A

- elF-4G 41

IRES: sitio interno de entrada al ribosoma

Internal Ribosome Entry Site

Secondary Structure of the 5' nontranslated region
of picornavirus genomes (rhinovirus and enterovirus type)

Internal Ribosome Entry Site

Vi

* initiation of polyprotein
translation

nt 743

o e "
i

location of attenuating
mutations in Sabin strains

42
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Caso: célula infectada por poliovirus

Los picornavirus estimulan la protedlisis de elF-4G (proteina que
estabiliza la union del complejo elF-4F con el cap).
En definitiva el virus disminuye la capacidad de la célula de
traducir mensajeros “cappeados” (propios).

IRES

Proteina de
union a IRES IRES

43

MiRNA/sSIRNA

RNA interference

E miRNA precursor OR
Double-stranded RNA

O s
JLLU LU LRIV TV

lDicer
R AR 1111111111111 i
mi/siRNA 3 on p5
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" TTTITIII MIRNA/sIiRNA

. I |
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Double-stranded ‘W OH 3
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T (RISC)

siRNA function

~

RISC | &'p

3 OH e e e e T TP 5
I
miRNA function, ® t Ap
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target cleavage
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Incomplete base pairing;
translation repression
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MIRNA in the human genome

180 known miRNAS in human

7\

130 intergenic 50 intronic

N\

60 polycistronic

70 monocistronic
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Niveles de proteina activa

 sintesis (niveles y accesibilidad del mMRNA)
* modificacion (activacion o inactivacion)
» degradacion

49

Proteins have variable life-spans

EnzymeHalf-life Hours
Ornithine decarboxylase 0.2
RNA polymerase | 1.3
Serine dehydratase 4.0
PEPcarboxylase 5.0
Aldolase 118
GAPDH 130
cytochrome ¢ 150

50
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Relacién entre la vida media de las proteinas y el
residuo del extremo N-terminal

TABLE 27-9 Relationship between Protein
Half-Life and Amino-Terminal Amino Acid Residue

Amino-terminal residue Half-life *
Stabilizing

Met, Gly, Ala, Ser, Thr, Val >20 h
Destabilizing

lle, Gln ~30 min
Tyr, Glu ~10 min
Pro ~T min
Leu, Phe, Asp, Lys ~3 min
Arg ~2 min

Source: Modified from Bachmair, A., Finley, D., & Varshavsky, A. (1986) In vivo half-ife of a 51
protein is a function of its amino-terminal residue. Science 234, 179-186.

Two routes to digest proteins

* Lysosomes
— Receptor mediated endocytosis & phagocytosis

* Proteasomes: for endogenous proteins
— transcription factors
— cell cycle cyclins
— virus coded proteins
— improperly folded proteins
— damaged proteins

52

26



poliubiquitinilacion de

proteinas; <

marcado para la degradacion
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Ubsiguitin {:}>,L<
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Proteasome O

Ubiquitin - C— NH—Lys —(Target protein)
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By, Peptides
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Proteasome:

protein degradation

via the ubiquitin-mediated pathway

AMP + PP,

—NH; % —NH—C—Ub

Ubiquitinylating

enzyme
complex + Ub
Cytosolic
target
protein

Proteasome

ATP  AMP + PP,

—Ub—Ub—Ub
Ub
{n times)

-

Ub Ub

Ub\/

Peptides

Proteasome

Cells contain several other pathways for
protein degradation in addition to this
pathway

example: lisosomes
54

http://www.metabolic-database.com/html/normal_flash_proteasome.html
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Protein modifications after translation provide a final
level of control over gene function

[a) Ubiquitination can target proteins for destruction.
lMetaphase

Sistr * Phosphorylation

chromatids

Glue proteins (deaCtlvatl 0 n)
» Ubiquitin (protein) targets
proteins for degradation

%@@w@%hm&wm of anaphase- ® Covalently attaCheS

N l A‘maph’aﬁel

JUR0a0000 promoting complex APC tO Othel’ prOteInS
lAPC complex attracts ubiquitinating enzyme ) L.
« Ubiquitinized
Bk S proteins are marked
for degradation by
Ubiquitinating enzyme adds
ubiquitin to glue protein prOteOSOFneS
Ubiquitinated glue protein is
Proteosome ‘ recognized by a proteosome
Froteosome dissolves
? glue protein
WWW With glue proteins dissolved,
S e sister chromatids can separate 55

and continue through anaphase

Other Proteases

¢ Cell cycle control/stress response proteases
— Proteasome
— HtrA

e Calcium activated proteases (Calpains)
* Apoptotic proteases

— ICE family (caspases)

« Autocatalytic proteases
« Nutrient regulated proteolysis (lysosome)
« Intramembrane cleave protease (ICLiPs)

56
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Proteolysis regulates cell death

TN famiy of
ylokine receptors

I |—
l|||h

Mitochondriof

Cytochrome ¢
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e 7- /» Cas;ise ‘“
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s T &=
@ ‘ % Apoptosis ER/Golgl
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Proteolysis as a regulatory
mechanism
(sequestration of sterol response element transcription factor)
The SREBP Pathway

Metalloprotease
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