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Why the Cap structure is important?

1) RNA stability
2) Favours the mRNA transport to the cytoplasm

3) Increases translation (it binds to elF4E that belongs to translation
initiation complex)



' CAP: 3'-6-5'ppp5'-N-3'p

This involves the addition of a modified
guanine base to the 50 end of the RNA.
Specifically, it is a methylated guanine,

CH

N

7-metilguanosina
. J and it is joined to the RNA transcript by

o—f=0 & ¢ an unusual 5-5" linkage involving
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pre-mRNA CAPPING

The 5’ cap is created in
three enzymatic steps:

1. a phosphate group is
removed from the 5’ end of
the transcript.

2. GMP moiety is added.

3. GMP nucleotide is modified p
by the addition of a methyl 7 methy|

group.




5’ CAP favours the mRNA transport to the cytoplasm
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How is the function of the polyA tail?

1) RNA stability
2) Favours the mRNA transport to the cytoplasm

3) Increases translation efficiency by favouting the loading of
ribosomal 40S subunit

4) mRNA 3’ end formation allows efficient transcription
termination.



Looking for consenus sequence

SEQUENCE ALLINEAMENT OF cDNAs STARTING FROM THE POLYA TAIL

15-20 nt
5’ UTR yutR VY \l,
globin & "7 ==-" AUG UAA | GGUUAUCCAUCAAUAAA......GCUAUACGCAAAA .
Ig O =m=mm—— AUG UAA | cCACUGGGCCAAUAAA......GCUAUACGCAAAA,
Ovoalbumin  @===------ AUG UAA | GCAACCUCGAAUAAA......GCUAUACGCAAAA
Polymerase ®~~=""""" AUG UAA | AUCUGGAGGAAUAAA......GCUAUACGCAAAA

______________________________ AAUAAA m======= CONSENSUS
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Site-specific mutation

Recombinant DNA preparation

|

mutazione

transfection

mut1 mut2 mut3 WT

' ' -
-

Hela cells
Northern blot «<—— RNA extraction

After 24 h




3’ end formation in mammalian cells

Cleavage and
polyadenylation site
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AAUAAA GU rich 3’
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Symplekin SPECIFIC COMPLEXES ARE INVOLVED IN mRNA

) 3’END PROCESSING
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3’-End Formation: RNA Processing

Poly(A) Poly(A)
Signal PO|Y(A) site signal
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CAP and polyA tail influence efficient translation
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Polyadenylation is linked to termination




Alternative polyadenylation of the immunoglobulin p heavy chain gene
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CSTF-64 levels control the alternative processing of mRNA.

In not activated B cells the limiting
concentration of CSTF allows the
recognition of the stronger
polyadenylation signal. The
immuglobulin produced will then
contain a portion for binding to the
membrane.

B cells (um>us mRNA)

CstF-64

O tm poly(A

After the activation of B cells CSTF
levels are increased and this allows the
use of the weaker polyadenylation site
that will be preferentially used because
it will be the first to be transcribed.

Plasma cells («s>>um mRNA)

@ 09 o © o
us poly(A) O O um poly(A)

us poly(A pPo
S<E N
Chs @ —I——/ s V] ] s M2 (k)- cu4 SCb—// _MI—M2

\/ \/ CPSF

CstF limiting - Strongest site wins(/(m)

.
]

CstF not limiting - First come, first served (us)

The polyadenylation factor CstF-64 regulates alternative processing of IgM heavy chain pre-
mRNA during B cell differentiation.

Takagaki Y, Seipelt RL, Peterson ML, Manley JL. Cell 1996 Nov 29;87(5):941-52
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Eukaryotic genes contain introns

Copyright ©® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Start of transcription
i
Intron 1 Intron 2
Gene: [m— I
Exon 1 Exon 2 Exon 3
Transcription
\
Intron 1 Intron 2
Primary transcript: _ -—
Exon 1 Exon 2 Exon 3
Splicing
Mature transcript . Fig. 14.2

Exon1 Exon?2 Exon 3



Identification of introns by R-looping
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Specific sequences inside the pre-mRNA indicate
where the spicing event has to take place.

These sequences indicate the boundary between introns
and exons.



Consensus Sequences Surrounding the 5’ and 3’
Splice Sites

Pyrimidine-rich

5" splice site Branch point  region (=15 b) 3’ splice site
5’ Exon Intron i l 3’ Exon
Pre-mRNA G U AG AGU // ¢ U Al A CNQJ N C A GG
Frequency of 70 60 80 100 100 95 70 80 45 80 90 80 100 80 80 100 100 60
occurrence (%) le 20-50 b >
a I lntron 1
Exon1 [GU A Y),AG ‘ Exon 2
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a GUgéﬁgex ek ggggggggﬁﬁAGi
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The intron is removed in a Form Called

Lariat and the Flanking Exons are joinad

Two trans-esterifications:

Step 1: The OH of the conserved A at the branch
site attacks the phosphoryl group of the conserved
G in the 5 splice site. As result, the 5’ exon is
released and the 5’-end of the intron forms a
three-way junction structure.

Step 2: The OH of the 5 exon attacks the
phosphoryl group at the 3’ splice site. As a
consequence, the 5" and 3’ exons are joined and
the intron is released in a lariat shape

Intron
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o= |
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Nuclear pre-mRNA splicing proceeds through
two trans-esterification reactions

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Splicing occurs in a "spliceosome”
an RNA-protein complex

spliceosome
(~100 proteins + 5 small RNAs)

U1, U2, U4/U5/U6

pre-mRNA spliced mMRNA

Splicing works similarly in different organisms, for example in
yeast, flies, worms, plants and animals.

EURASNET



Five snRNAs are involved in pre-mRNA splicing
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protein
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I Assembly, rearrangement, and catalysis
within the spliceosome: the splicing
pathway

Assembly step 1
1. Ul recognizes 5’ splice site.

2. One subunit of U2AF binds to Py tract and the other to
the 3’ splice site. The former subunits interacts with BBP
and helps it to bind to the branch point.

3. Early (E) complex is formed

U1 \ - E complex
BBP | U2AF65

5 PG, A | 3’




Assembly step 2

1. U2 binds to the branch site, and then A complex is
formed.

2. The base-pairing between the U2 and the branch site
is such that the branch site A is extruded. This A residue
is available to react with the 5’ splice site.

U1 A complex
| U2AFES

5 PGy A | 3’

v

A\ exon 2
5 UACUAC I
“AUGAUG™S,

U2 “



Assembly step 3
1. U4, U5 and U6 form the tri-snRNP Particle.

2. With the entry of the tri-snRNP, the A complex
is converted into the B complex.

U1 A complex
, . U2AF65 ,
0 H@/ A \ 3

U2

us

U6 U4 \}\‘ U2AF65
a U5

B complex
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] which the

catalysis has
not occurred yet



Catalysis Step 1

eFormation of the C complex produces the active site,
with U2 and U6 RNAs being brought together.

e Formation of the active site juxtaposes the 5" splice
site of the pre-mRNA and the branch site, allowing the
branched A residue to attack the 5’ splice site to
accomplish the first transesterfication reaction.

U4 /




Catalysis Step 2
U5 snRNP helps to bring the two exons together, and aids
the second transesterification reaction, in which the 3’-
OH of the 5" exon attacks the 3’ splice site.
Final Step

Release of the mRNA product and the snRNPs.

y, %% S
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Spliceosome & ATP — RNA-RNA
Rearrangements - |

(A)
&
exon 1 CAUUCA exon 1

exon 2
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Spliceosome & ATP —
RNA-RNA
Rearrangements - Il
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Pre-mRNA Splicing is Accelerated by RNA-RNA
Basepairing: shRNPs

(a) O
O U1 snRNA ( ) U2 snRNA
C==03 )

Sm
3" - GUCCAUUCAUA cap 5’

[ 1111 ]
s - ) A
Pre-mRNA

Cco?mcc
CCDOOCC

| o | -

>0Or

ACU CUAAGCA cap 5’

CAGG Exon 2 —3’

Branch point

(b)
W.-t. U1 snRNA 3"--_GUC(|3'?&|JL|JCA|«UA cap 5’ Mutant U1 snRNA 3’ “-_GUC(]:?[IJLlJHJAl‘UA cap 5’
Mutant pre-mRNA S’dUAAAU—--- 3’ Mutant pre-mRNA S’dUAAAU—--- 3!
Mutation in pre-mRNA 5’ splice site Compensatory mutation in U1
blocks splicing restores splicing

45



How to study splicing in vitro

procedure

-in vitro transcribed RNA

-RNA plus nuclear extract

-RNA isolation ot different time points

-elettrophoresis for the analysis of the reaction products

SR RA—

rd

+ RNA pol

Trascrizione |+ NTPs

RNA radioattivo

RNA analysis
040 9
RNA isolation O—ﬂ— -
Q - ow
I — L1 )
E— -

<— nuclear extract



e Recognition of canonical splice sites

(\WUZSnRNP

U1
snRNP

10-15% of single nucleotide mutations causing disease
affect splice sites

From: H. Stark, P. Dube, R. Luhrmann & B. Kastner, Nature 409, 539 - 542 (2001)



*RNA splicing gets the most out of genes

In animals, complexity depends less upon
the number of genes than upon the number
of different ways they can splice the RNA



Genome sequence analysis

Introns are abundant

94% human, 85% fruitfly, 95% nemtode, 95% plant genes

Human genome (26.,000-35,000 genes)

Only 2 - 5 times as many genes as in fruitflies (13,600)
or in nematodes (19,000)

Alternative splicing is abundant

~75% of human gene transcripts are alternatively spliced



Alternative splicing

eThe presence of multiple introns in many eukaryotic genes permits expression of multiple,
related proteins from a single gene by means of alternative slicing, an important mechanism for
the production of different forms of proteins, called isoforms, by different types of cells.

eNearly 75% of all human genes are expressed as alternatively spliced mRNAs, leading to an
expansion of the coding capacity of our genome.
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Usually all introns must be removed before the mRNA can be
translated to produce protein
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Alternative Splicing

5’ splice site switching 3’ splice site switching
(a) (b) A
3 ﬁUGM

Thyroid
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o
1}
v

? AUGF
Neurons
A
fruitless Calcitonin/CGRP
Exon Skipping Mutually exclusive exons
(c) (d)
Embryonic brain Binds KGF

Adult brain

Binds FGF

FGFR-2




5 splice site or _ 3’ splice site or
Branch site

‘Donor’ ‘Acceptor’
r \ r \ '3 N
AGuragu ynyuray (V) 1,_17nagG
Cap site poly(A) site
\ D A D A D A ot
Strong .. .tttecttacaciGhus
Weak . ..ttgcctaacagpCA. . .
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Come vengono riconosciuti i Siti
di splicing nello splicing alternativo?

Proteine SR si legano all'interno di esoni
nei siti di enhancer di splicing esonico
(ESE) e reclutano I'apparato di splicing
nei siti di splicing 5’ e 3’ (U2AFs e
snRNPU,)

SR
protein

B s

Proteine SR hanno un dominio di
legame al’RNA e un dominio
ricco in arginina (R) e serina (S)
che recluta l'apparato di splicing.

| { SrisR sr_\, { sRisR'S (\
UZAFss (35 V) ¥)
j/mm:mpﬁl&?—/, h
ESE ESE

intron exon intron exon intron



Esistono sia enhancers di splicing esonico
(ESE) che silenziatori di splicing

che incrementono o riducono

lo splicing sui siti di splicing vicini

Un esempio di silenziatori sono le proteine
hnRNP (heterogeneous nuclear
Ribonuclear protein) che legano 'RNA ma
essendo prive del dominio RS non reclutano
I'apparato di splicing.

Modello:

__hnRNP!
5'& 13'
s%s or s'm$
/ \




Splicing modulators

Exon inclusion Exon skipping

oe . U O
competition Ae— —

b Exonlooping _| oLl L A—— H T
| —

€ Nucleation and | q —
cooperalive = - | -

binding
@ Splicing-stimulatory factor O] Ess
@ Splicing-inhibitory factor ] ESE
[ Alternative exon 1SS

Nature Reviews | Genetics



Multiple introns may be spliced differently in different
circumstances, for example in different tissues.

Heart muscle mRNA I- 3 5

\
pre-mRNA 1 -

Thus one gene can encode more than one protein. The proteins are similar bu
not identical and may have distinct properties. This is important in complex
organisms

EURASNET



Detection of alternative splicing by Northern blotting

@ Total RNA

» Gell Nitrocellulose
(%]
2 : Nitrocellulose
S| | Filter e
aQ paper Gel
g e g mm—
3 I [ S T [ S J _ 5 | e
L Transfer solution

E— T
JL Capillary action transfers

RNA from gel to nitrocellulose

Hybridize with

labeled DNA or

RNA probe
Probe against exon 3

Autoradiogram




