Procesamiento de mRNA - Splicing.

*Concepto de "split genes" —_—

*En evolucion:
-pérdida de intrones (;evidencias?)
-rpida acumulacion de mutaciones en intrones.
-conservacion de sitios de empalme: mecanismo universal

o, Porqué persisten?
- Mayor diversidad con igual numero de genes (ribotipo)
-Ventaja evolutiva, nuevas combinaciones de exones producen

nuevas proteinas

Fig. 1 Due 1o extemive procesting of pre mRNA, different rido
types Can De asembled from 3 genome, each determinm g 8
unigue phenotype on winch natur o telection can 1. Informa
bon & transmicted from genotype through ridetype 10 pheno
ype. N Can, howewver flow in the reverse directon, a'l«lmg the
expresuon of both the genotype and the rdotype The potential
exists for infermation 10 be transterred from the ribotype 10 the
genome tThiough reverse Ir anscniption, ultimately nfluencing the
evolution of sukaryotes

RNA processing and the evolution of eukaryotes. Herbert and Rich. 1999. Nature Genet. 21: 265.
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Splicing ocurre simultaneamente con la Tx
Otros procesamientos: CAP y PoliA.

Remocion de intrones sigue un orden.

mRA T

L S

Figure 22.8 Nomre blomng of »

he comserts of 5

YOG aON Wndly (rovaed Dy

e LR

(RN BN N B R |

) P Lac 554
Secuencias consenso en sitios de union y ® ——
en el intron (menos conservado) ®
I Emm.';!-Sniodnom;:‘alme5 o - Punto de nl:miﬁcociOn ' Sitiodoolmp;:::g
Pro-mBNA G U AG A G U // cC U AG A CU fiﬂt‘:l:":)m.ﬂ.n N C A G
Frecuenciade 70 &0 B0 100 100 95 70 80 45 TR 80 30 80 100 80 80 100 100 60
|pnr;nci6.'\ 1%) e 20-50b0 -+

A Fig. 11-14. Secuencias consenso alrededor de los sitios de

smpalme 5 y 3' en los pre-mRNA de vertebrades. Las unicas
bases casi invarables son las GU (5) y AG (3') del intrén, aungque
las bases flanqueantes indicadas se encuentran con frecuencias
mayores que las esperadas en una distrbucion aleatona En ia
mayoria de 0$ Casos se encuenlra una regidn rca en pir midinas
(en celeste) cerca del extremo 3' del intrdn La adencsing o8

punto de ramdicacion, también invarnable, suele ostar & 20 50
bases del sito de ermpalme 3, La region central del intrdn, Cuya
longitud oscharia entre 40 bases y 50 kilcbeses, en general no as
necesaria para que el empalme tengs lugs:. (Vésse RA Padgell, v
ool Ann fey Bochem 1985,55:1119; EB Keler y WA Noor, Proc Net?
Aced Sc USA 1984817417 )
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: The branch site lies 18—40 nucleotides upstream of
Flgure 22.6 Splicing occurs in two stages, in which the 3’ splice site. Mutations or deletions of the branch

the 5' exon i . ok s
S 'S Separated and then is joined to the 3' site in yeast prevent splicing. In higher eukarvotes, the

exon S .
relaxed constraints in its sequence result in the ability
to use related sequences in the vicinity when the au-
thentic branch is deleted. Proximity to the 3' splice site
' appears to be important, since the cryptic site is always
close to the authentic site. When a cryptic branch se
quence is used in this manner, splicing otherwise ap-
pears to be normal; and the exons give the same

5 oo e

GU  UACUAAC AG

PYso N Pygg Pyy; Puyg A PYm
Animal consensus
g S — Figure 22.7 Nuclear splicing occurs by two

, transestenfication reactions in which a free OH end
Cut at 5 site & form lariat by 52 bond connecling anacks a phogphodles(or bond.
the intron §'-G 1o the 2 of A at the branch site

5 c— ¥ Oz 3
UACUAAC AG oH
Exon 10P0OGUsssssccccscnnnnsssl snns Or0 Exon?2

Cut at 3' site & join exons; intron is released as a lanat '

S e—— 3 O? 3 8 ¥
UACUAAC  AG : e

Exon 1.0+

.,ol‘ UG?
oo P
y S )

'o.o-oo-o.A.---noc 020 Exon?2

: , | i

La separacion fisica, | oebranch inten

aunque momentinea,) = eai=t e i
. 4 \ .: ¢
suglere la formaCIon UACUAAC AGY | ' ..ooccuoo--Aou seeeOM

de un complejo.
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Fore o NNA Interactons betesen Sphcecsomal 5.M0AS a0d Pre mFNA Sunatiaies

(A} (Top) Dase parirg retrdcions tetassn U1 and U2 saRNAS 2od gro mANA 216 mdcatnd o Bo lell and 101 of the wirom, teapectvaly
(Betiom) Cxtenuee bass pob ng tetween L1 and UG sr/INAS

(2] Yoeractons between UL UZ, LS 350 UG saP0IAS 200 pramfINA.

In Both (A) and (L g mPRIA cosseniun 3o ooncen and wlINA seqie.was a'e Huse of TOCCR A0, CO% COM WIS, LEDENTaSE AU leciaies re
Ny tormerced Deleeen 5 Corovis an ard . sndwn soduesced of oftor organams (sechudng YDENOAOTes, mhich do net have a GUAGUA
SocLence 11 U2 salthNA) The dtlaent coferod 21003 BigMAch® 1oqumces L2 ard US snftias charge bate Janng patnes ing I
A 0eoserre Cythe. e al e FINA 300Cm ATy B s L 00 A0 Ehange Betwoon (A 83 (1) 200 ¥own a3 s 4 2ed shers ase ops Asherges
rdcale srFINA Soslions & whoh unaiers spesiealy Lk 1N secord wep of wWhirg

A.
-
ACAGA ue
" uz »
B'EXONI, 1L ag|d XON
I
U1
B.
Us
. ua .
S'EXON|.,, L1 aq |9 EXON
I
! &l
ACAGA U‘ —

+ us + us

Flgure 1. Comparison of the Inactive and the Adive Spliceosome

(A) The assembled but Inactive spliceosome. Although the spliceo-
somels known Lo harbor up to 50 protén components, for simpiicity
only the pre-mRNA (Le., the substrate) and the fve snRNAsS are
shown. The substrate consksts of the intron (black Ine) flanked by
the 5" and 3' exons (rectangles). Two of the snRNAs (U1 and UZ2)
are bound o the substrate by base pairing. Another two snRNAs
(U4 and UG) are paired with cne another. The “dols” indicate that
US i Inclose proximity to U4 and UG,

(B) The active spliceoscme. Inthe active spliceosome U2 1s palred
to U6, and UG Is pared with the 5" splice site. Finally, U1 and U4,
which are not required for catalysts, have left the spliceosome.

Monday, December 5, 2011




5SS op 3'8<
1
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5 NG U ————A e-AG IGXIEM -3

Figure 7. Transitions in the Spliceosoma Cy-
cle That Ragu'te & PRP Prolein

Tha particular PRP mulant i listed bes:de tha
arrow Indicating tha transition in the cycle n
vitin that requires the mulan) prolgn.

PRP: Pre-RNA processing
Identificados por mutantes

Actividades de PRPs:
-Union a RNA
-RNA Helicasas

-Interacciones prot-prot.

— ?‘.o* y ?('D*
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Cell, Vol. 96, 599-602, March 5, 1999, Copynght <1999 by Cell Press

Flipping the Switch
to an Active Spliceosome

Heather L. Murray and Kevin A. Jarrell®

L4
encn LTI
' us

3"EXON

Flgure 2. Factors Involved In Spliceosome Activation

LIkely inhibitees of the process are shown n varnous shades of red,
whik lIkely stimulatees are shomm In green. Prps and Bir2 (B2 1s
also refegred to as Rss1, S22, or SNU246) are Known Lo be com po
neqts of LS snRNP (Lossky et al., 1927; Lauber et al., 1995) and are
diagrammed accordingly. The diagram reflects the knowledge that
human Fpes (US-100 kDa) 1s a component of Us snRNP (Telgel-
kamp et al., 1997), and that human Brr2/Rss1/SI22/Snuz2 46 (U5-200
KDa) and human Prpd (p220) have been shown Lo interact in vitro
(Achsel el al., 1993a).

Proteina clave es Prp28

eParticipa en la Rxn de intercambio

Ul1-U6

*Relacionada con DNA helicasas

(unwindase, ATP dependiente)

*Roles:
-desenrrolla duplex Ul-preRNA
-desestabiliza prot. que mantienen
duplex Ul-preRNA (yuc-1).
-desenrrolla U4-U6.

*Mutante en Prp-28 estabiliza union U1-5'int

Prp-8: estabiliza duplex U4-U6
yuc-1: estabiliza duplex Ul-5'int
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Diversidad de proteinas
mediante el uso de "casettes".

Splicing alternativo:
debe ser regulado.

Necesidades de procesamiento:

econdiciones fisiologicas
edesarrollo embrionario.
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Call, Wol 118, §19=533, September 3, 3004, Copyright ©2004 by Call Pross

Alternative Splicing of Drosophila Dscam
Generates Axon Guidance Receptors that
Exhibit Isoform-Specific Homophilic Binding
Waj M. Wojlowice, Johi J. Flanagan, A

5. Sman Millard, 5. Lawrence Zipursky,* Ganomic
and James C. Clemens DA

mRNA

Profein

FLAG-tagged
f“"-hl'lﬂﬂ"l 7 7 %

FLAG ™
isoform - TAG -

-
(g 727251

Fe-tagged
extraceliular 7\ (a7 2 Fe-Tag
reglon salom
{ 9.9.7.27.25Fc )

Figure 1. ARemative Splicing of Dsoam Potantaly Genarates 32,016 lsoforms

&) Schematic representation of Deosm gene, mMANS, and protoire The Dscam proten contains both censtant and vasiabke domaing. The
variahke domains are encodod by alterrative sions. Each block of alomative ions is indicated by o differant color. A transcipt contang
only ong altemative exon from @ach block. The Dscam gene encodes 12 aRemative oons lor the Matarminal hall of 152 ired), 48 alorative
awons for tha N-tamainal half of k33 (o), and 33 alternative axons for IgT jgreen). Thaene are two aRomative transmembrang domaing fyaliow).
[B] Schematic represemation of Dscam proteins wSed i this study and sxplanation of isofom nomenclatune. Immunoglobauin domain [Ig],
horsashoe; Tibrorsctin typse B repeat [FRI, Back rectangle; transmembrane domain (TAL verical rectargle. Tha NH, and COOH temin are
indicated. edividunl isodoma aFo derddod by B combination o altemative varabda by domoies. For instaresa, the isofommn comprising 1g2
alemative 7, 1g3 atemotive 27, ard Ig7 aternative 25 @ designated Dscam’ % or sinply as 727.25. In this sbudy, both Tull-lenglth profeing
and fragmants of b aitracellular domain ware used. Fulllength Dscam proloies axpressed in COE calls and transgerds Mies did net contain
an spebope tag, Fulklength profens sxpressed in Drosaphia 52 cells comlainesd an internal FLAG apitope tag in the C-terminal cytoplasmic
il {clereind by a Sag icon), For smplicity, e allematye transmembrars domain ueesd in full-length iscdarms = not indicsted, Purdied Decam
proting conkaning ditferent regione of the sxiracellulyr domain coninmad sithar a GxHe lag [scherods not shown) or the Fo mgion af human
|gis ak the © termminue, Fo tage comiaim $he Rings regon, which dimanzes the Descam proteirs, GcHes tags do nect dimerize the Decamn probeins,
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Splicing alternativo

Splicing enhancers: secuencias cis en el RNA
Unen las proteinas (factores trans) SR, ricas en Ser y Arg

Dominio union a RNA
Dominio de activacion (RS)

Paralelos con transcripcion: experimentos de Maniatis
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Mokocular Coll Vol 1, 445455, Fobtnuawy, 1598 Cogyright ©1998 by Coll Pross

The Function of Multisite Splicing Enhancers

Klemens J. Hertel and Tom Manlatis® erhancers are thought to function by

Figure 1. The Sex-Specific Splicing Pattern of the Drosophia dsx
Pro-mRNA and the Organization of the dsx Sphcing Enhancer
(dsxRE)

(A) White boxes represent commonexons 1, 2, and 3: the black box
represents the female-specific fourth exon 4: and the gray boxes
represent the two male-specific exons (5 and 6). Lines between
the boxes represent mtrons; lines above and below the pre-mRNA
tllustrate the female- and male-specific splicing patterns. Sges of
cleavage and polyadenylation are indicated by poly A,

(B) Organization of the femalke-specific spicing enhancer (dsxRE).
The dsxRE is located approximately 300 mt downstream of the requ-
lated 3' splice site. Numbered boxes represent the six 13-nt repeat
elements within the dsxRE. Consensus sequence of the repeat ele-
monts is shown below, The PRE 15 a purine-nich enhancer clement
that 1s distinct from the ropeats,

(C) The structure of the dsx minigene substrates used in the in vitto
sphcing studies.

Doublesex pre-mRNA

L

dsxRE poly A
[+ P 2 |+ o I s B——1 s Bl
oty A
o}
siop 294 §77
I 'HRTE l
/"// \\‘
dsxRE _
e N\

N W20 WUW<H NN [ere] N
s SR

asxzore [ R - BN B -0
asxisonns [ (T W WP D
dsx(300)R4
dsx(zo0zrs [ | B

asxizoort [ (LI
e 300 |

dsx(300)-

Monday, December 5, 2011




dsx(300)R5 W o v v e e Do MANA

Time (hrs)
o 1 2 3 4 65 6

pre-mBENA
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% spliced

Figure 2. Splicing Efficiencies of Various Minigene Substrates as a
Function of Tra/Tra2 Concentration or Time

(A) Splicing data for the substrates dsx(300)R5 and dsx(300)R1 after
2.5 hr incubation at various Tra/Tra2 concentrations and at 100 nih

Tra/TraZ over a time period of 6 hr.

(B) Quantitation of the data for the Tra/Tra2 titration in (A). Note
the sigmoidal character for both substrates in the lower Tra/Tra2
concentration range (inset). The final extent of the fraction substrate
sphiced for dsx(300)R5 is reproducibly ~5-fold greater than for
dsx(300)R1.

(C) Splicing efficiencies of alltested substrates as a function of Tra/
Tra2 concentration.

(D) Kinetics of splicing for the substrates tested at Tra/TraZ2 concen-
trations of 100 nh each.
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Discussion

Recruitment of the Splicing Machinery

Transcriptional synergy has been observed with multi-
site transcriptional enhancers under conditions in which
the binding sites are fully occupied by activator proteins
(Carey et al., 1990; Lin et al., 1990; Choy and Green,
1993; Ohashi et al., 1994; Chi et al., 1995; Sauer et al.,
1995). By contrast, our analysis of the effects of varying
the number of dsx repeat sequences on the rate of splic-
ing reveals a very different picture. As the number of
repeats was increased an additive rather than syner-
gistic increase in the efficiency and rate of splicing was
observed. Evenin the case where nonidentical enhancer
elements were used to activate a weak 3’ splice site,
additive rather than synergistic activationwas observed.
These results have two interesting mechanistic implica-
tions summarized in Figure 4B. First, there seems to be
only one target for the enhancer complex. Based on
previous studies this target might be the 35 kDa subunit
of U2AF (Zuo and Maniatis, 1996). Second, the function
of multiple repeats is to increase the probability of an
interaction between an individual repeat and general

splicing factors at the 3’ splice site rather than to facili-
tate the assembly of the dsxRE.

Figure 4. Tra/Tra2-Dependent Splice Site Activation of the dsx Pre-
mRNA

(A) The sigmoidal character of Tra/Tra2 binding suggests highly
cooperative interactions between Tra/Tra2 and factors contained
within the nuclear extract. Since a Tra/Tra2/SR complex bound to
an individual repeat does not significantly influence the formation
of complexes on any other repeat elements, each repeat within the
dsxRE can be described as an independent binding site.

(B) The additive character of the Tra/Tra2-dependent splicing kinet-
Ics suggests that only one complex at a time iscapable of interacting
with the splicing machinery. With only one target site available,
no cooperatvity is observed at the level of enhancer-dependent
recruitment of the splicing machinery to the requlated, weak 3’
splice site.
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Arginine/Serine-Rich Domains of SR Proteins

Can Function as Activators of Pre-mRNA Splicing

Brenton R. Graveley and Tom Mantatis®

A RS Domain)
{ | 7]
Enta ' w52
na‘:m?ﬂ;nmn Bindos
Site
B
MS2
MS2.-RSSFUASF
BT i |
MS2.-RS5CIS
[
MS2-RS¥0e
sz | R5¥

Figure 1. Expoerimantal Strateqy and Design

(A) Schomatc dagram of expenmental approach. A pro-mRNA
sphcng substrate s gonorated containng an enhancet-dependent
intron in which the sphicng enhances s replaced by a binding site
for the M52 bactenophage coat protem. In paraliel. a hybnd protein
IS generated containing MS2 and an RS domain.

(B) Domain structure of the protains generated n this study. MS2-
RS MS2.RS™, andd MS2-RS™ coman the RS domains of
SFZASE {amino acids 198-248 |Caceres and Kramer, 1992 Zuwo
and Manlky, 1992]). SC35 (amino aceds 117-221 [Fu and Marsatis,
1992)) and 9GE (ammno acids 123-238 [Cavaloc et al., 1994]. respoec -
tivoly. fusod C-torminal of MS2,
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Doman Hybed Protons

(A The M52-RS doman hybod protens are
phosphorylatod, One kg cach of punfnd M52,
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@) Tho MS2-1S damam hybnd protons baxd
spocilically to M52 RNA. Two 40 st RNAS wore
generated that contamed 2 wilkd-type MS2) or
mutant MSZA) MS2 binding ste. MS2A lacks
3 bulged adonose required for MS2 bndiyg
Cacoy ot al. 1963). The sequances and struc-
wos of 1o ekvant portions of these RNAs
a0 shown on the kit Approcamately 100 ng
wach of MS2, MS2.RSY™W¥ MS2.RS“™, avd
MSZ-RS™™ wars naubated with the MS2 o
MS2A RNAs, and the roacions were resoled

on a ratve polyacrylamck gd.
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Genes que tienen splicing enhancer-dependientes

A B o
dsx-MS2 IgM-MS2 G(py)-MS2
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\ 2l o)
s £ &P R
& L E S S
RNA ¥ P EEE RRCECle

e
1.2 3°4:-B
T e -[50Ws3)
1 234567 8 910
114 115 '8 jz0lM52)

1490 } 70 [Ms2.

Figure 3. MS2-RS Domain Hybrid Proteins Can Functionally Substtute for a Sphcng Enhancer When Bound to RNA

Splicing reactions were carried out in Hela cell nuclear extract using RNA substrates containing an MS2 binding site downstream of the weak 3’
splice sites of the D melanogastar doublesex (dsx-MS2) (A, mouse immunoglobuln w (IgM-MS2) B). and tuman g-globin (Gip y)-MS2) (C) pre-
MRNAs. In vitro spicing reactions contained 15% Hela nuckar extract either alone or supplementad with approximately 100 ng of M52, MS2-
RSSFAS MS2-RS™5, or MS2-RS™. The reactions were carmied out for 2 hr at 30°C, and the reaction products resolved on 12% denaturing
potyacrylamide gels. The dsx-MS2A pre-mRNA contans the mutant MS2 binding site in which the single bulged adenosmne required for MS2 binding
has been deleted. Identities of the sphced products are indicated.
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Poliadenilacion: Estabilidad + transporte de mRNA
(Entender la estructura de un gen eucariotico)

RNA Pol II: multiples sitios de término rio abajo de la secuencia
AAUAAA (11-30 bases 5' del corte y agregado de poliA.

3' generado por: okSE

-Endonucleasa CF I, CF II (73K (100K)
AAUAAA

y CstF (cleavage specificity factor) °
-Poli (A) polimerasa (PAP)
-CPSF: une AAUAAA

GU-rich CF |m

*Prot NS-1 del virus influenza

PAB: poly(A) binding protein secuestra CPSF, PAB 11

OOOO

AAUAAA------- AAAAAAAAAAAAAAAAAAA....(200)3'

OOOO
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