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X 35,
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min Transcription begins
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3.0 Degradation continues,
ribosomes complete translation
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Prokaryotic mRNA (polycistrionic)



FAI )2 FmRNA (monocistronic mMRNA):
Hggtd— N E B MRNA,

%Jlﬁ&%mRNA(polyustromc MRNA):
Zwhg 2 H R BFIMRNA,




3. EEAEYMRNAKIS MR 458, 3 Uk
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} i 165 rRNA
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RBS start
RBS start stop RBS start siop _RBS_star stop :
5!’
LI
5-9 bases l l l
IESRRRSECES 0000000000000 (0000000000000

RV s %0+ AUG LA —# PR ARibosome Bmdlng Site
(RBS)ELSDJF %1 (Shine —Dalgarno sequence) HIfR5FX, BFNiZ
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RNA capping and polyadenylation

3!

Noncoding coding noncoding
sequence sequence sequence
5!
|
 CH; | l . |
o | — poly-A tail

protein
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Eukaryotic mRNA (monocistrionic)

start stop ,
5 AAAAA, 3
5'cap l
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A gene can be defined as following:
The entire nucleic acid sequence
that is necessary for the synthesis
of a functional polypeptide or RNA
molecule.
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5’ end of
primary transcript
Ho_oH | CEHIETF (capd) : H—AFEBIAE
. B B AR AIMRNAR AL ELR;
CH,~P~P~P-CH, EYIMRNAFEEZXANEH) , HETE
= W7 AL, RN T

N® triphosphate
| bridge OH
CH; .

| |
7-methylguanosine

SER-TH R

12508 F(capl): MAEZE - MZER (R
MRNA 5% —f7) 12’ -OH Az _E i A —A~H
B, XBRME2-O-FEEBESE K.
—MRIE XA R SRR 12808
F. ERAEYHLUIXRIBFERRNE.

OH
P 22EME ¥ (cap2): FEFRLLA VMM,
CH, MRNA%SE_F W2 = /MZHER K2 -OHAL
OH

WA ReH FR 34k, DRIDAIXAN =R AT
H1IBIEFHEIMRNAANEY), BrUAE#RAN
22K F. REABEMRNAEER10%-
15%LLF .
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Pre-mRNA Paby-A site
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l Cleave and add Pohy-Atail
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Polyadenylation
and termination

1. CPSF (cleavage and
polyadenylation specificity

RNA cleavage

sk B iyl factor) & CstF (cleavage

St ) stimulation factor) bind to

o \l the poly-A signal, leading to

. ene the RNA cleavage.

poly-A-binding (7 jl 2. Poly-A polymerase (PAP)
adds ~ 200 As at the 3’ end

- m———eitle, 9885 . of the RNA, using ATP as a

v bl substrate.
P

5 Ty — i; & j&f g B L

—&200
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Poly-A in the 3" end promotes the
efficient recycling of ribosomes

poly-A binding 5'cap start (AUG) .

protein

J H stop (AGU)
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Poly(A)+ RNA can be separated from other RNAs
by fractionation on Sepharose-oligo(dT)

Most of RMA population  mRMNA with pDIj,r[Ar] is
is rRMA that lacks poly()  small proportion of RNA

Pal @* =P
stic o colutmn

FREMNA flow s . ———
through column e



RIETHF B,
T. &iFEia M.

EZIYIAMHEF, mRNAKY

<1 min  Transcrption starts: 5 end is modified

Jin

20min  3'end is pakyaderylated

IR AAAAAL
22 min mENA s transported to cytoplasm
ﬁl_
o U e A AAA A

=4 hr Ribosomes translate mREMNA,

wFi )
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nuclear pore

cap-binding initiation factor for

complex . -
protein - protein synthesis
"
F_/N %_ TRANSLATION
<
poly-A-binding PROTEIN
protein EXCHANGE
NUCLEUS CYTOSOL
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RNAF BN & F

KK L R W RN
— NEE T B2 WA TSR T B FE RS 1T AR -
‘NETHEEKERTASH RS, BT
99% o coding region
. \ ,
:, | l z,]DNA

bacterial gene

coding regions

noncoding regions
(exons) (introns)
: I 3
5 i = = o] 3'] DNA
3’ n = = B . 5
| ]
eucaryotic gene

Exons (4MEF): the coding sequences
(W4 -F) : the intervening sequences



H o NREB W& TS BT G R ELE it

F A KE NETFH=E NEFATHELE
(kb) (%)

R E 1.4 2 67
R-BREH 1.4 2 69
mEEHA 18 13 89

REEFEHAHTVII 31 117 71
VIIEF 186 25 95

EHEENEER T 2400 78 >99



i‘[ I ° °
BU$% (Splicing
promoter
region
intron 1 2 3
DNA b
exon 1 2 3 4
transcription
noncoding
5' leader region
I 1 2 3 4
pre-mRNA S I || | [
lsplicing
spliced mMRNA S 2

1 2 3 4

RNA splicing: removal of introns and joining of exons.

* It takes place in the nucleus before the mature mRNA
can be exported to the cytoplasm.

* Catalyzed by spliceosome (RNA +protein)



Figure

EUCARYOTES

cytoplasm

nucleus
introns exons

ou_ N N

—_— =
— | s =
=

TRANSCRIPTION
v
= B N I N

RNA transcript 5’ CAPPING
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RNA spllcmg—f KLY
Bk B FELPK HEAT 40

Splicing removes an intron
Exon 1 Intron Exon 2

/AYANAYA

o Gel electrophoresis
Transcription

35S RNA |
Splicing ‘

Cyclization ‘ h

Circular intron  =—

O Linear intron L
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human B-globin gene
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L

2000

(A) nucleotide pairs

human Factor Vill gene
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| exons
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GU-AG HMR%, BIEMRNA (E#)
AU-AC MHERZ, BTAMRNA (Ei%)
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AR RNA, DEAERNA
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HIZKEHAE T 2L 3ERNA
NN F I 3ERNA

tRNARTEF RN &1 MR, tRNARTE (E)

GU-AGERAU-ACHHRE TR

1N & RIS RS IAFR



A& B R H 5 RRIR

4

S MR AR BRE A ZE Y, KR4E L4
TR RAELENS TS B3 URRTFF E,
& BHETI T BiEMRNAK 1E 7 B2,

15 P AT P A AL BT

IffL




Bk
(1)

(2)

WraR I

T

1J

<

-
T BY FE

%ﬂﬁﬂﬁmm B/J I':—'JI%E.

(3) VIBRHIRNAR PAZARIE R IPIRIFL
Y1 F BIRNA K i1z 5 an ey 2

I RIMAA, Crick (19784F)

VMERE 2B ERHITH, PaX
g L/ RE D FIRNA 45 52 A7 25 2

BIVIEE A AR IE? AFEBIR
B B HIEE?

NAR

E )7




ChambonZ4-HTHLE T KREL W EE )
& VB 7if)u752/\5|‘~ =%

5" exon intron 3' exon
T I | T
9 mGugAGU ......... Aececocsss [Pytract]AGﬂS
| | | |
o' splice site branch site 3’ splice site

(1) WE TR K H A FERTRECE R

(2) ERREFBERRT T IFRRIAF T,
100%4:%1 FHI5' RERGU; 3’ HERE
AG, FEIFRAGU-AGEN] (GU-AG
rule) , XFrAChamboniENl,
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B2 BT b 35 AR 5P R 7]

Splice Branch Splice
donor site site acceptor sie

|
mfsum AGU CUPuA Py Pyrich NCAG

«——0  2J0- 480 haspg ——

< Intron >
PN BY AL R 51— A R Y -
o LI WIBYRRAL AR AEAE (donor) A7 &
o 1A RIBIREANL R 524K (acceptor) AL & o
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Splice Branch Splice
donor site site acceptor site
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HGUFM&.GU CUPUA Py Pyrich NCAG
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< Intron >

1. LA 5 AR FA R T ERFEGU-AGIEN

2. R RFA: BE AR5, u——m/\%g Vi Vi
18-50nt&t, 751 NPygN PYg,PUsAPY s, HAN
Aoz ARy, BHEF2'-0OH,

3. NE&F5' WA — 1%”‘%%%(5' GUAAGUA3)H] BLAT
U1l snRNAHKI5 ¥ BI{R 57 7 5113’ CAUUUCAUS' B b
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%iﬁ’:ﬂ'ﬁ? AMRNARIME 5 EARS
, TEHRNARIEHFHEFISNnRNPE &

(rlbonucleo -protein protein) .

» FEERNABERIEN, BANWE 75 M3 Pim
HIE SV RTERSS , Fr"‘6OSEI’J%ﬁ7lu B %
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nuclear RNA, snRNA);

of57 T2 ff 57 A BIFR R 4H LB Z/NRNA (small cytoplasmic
RNA, scRNA).

—
.—-A
Lo

SC

RNP) B RAFLE

HRRES T, BAILMZEZE
=, {BFRsnur

ofE

IR R S8, FR VB

AR MIEEE —R
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Spliceosome (BY#z1k)

The spliceosome is a large particle

30 other
proteins 5 snRNAs
2.1 MDa 3.3 MDa

17% of mass 27% of mass

70 splicing 41 proteins
factors in snRNPs
4.7 MDa 2.2 MDa

38% of mass 18% of mass

Ewvirtualtext www.€I'Q ito.com

Catalyzes pre-mRNA
splicing in nucleus.

The spliceosome
comprises about 150
proteins (splicing factors
etc.) and five snRNAs
(U1, vz, U4, U5 and
U6),and the pre-mRNA
being assembled.

The complexes of snRNA and proteins are called small
nuclear ribonuclear proteins (snRNP)



Three roles of snRNPs in splicing

1. Recognizing the 5" splice site and
the branch site.

2. Bringing those sites together.

3. Catalyzing (or helping to catalyze)
the RNA cleavage.

RNA-RNA, RNA-protein and protein-
protein interactions are all important
during splicing.
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FHU1 snRNABIBEE: B 407 R AMRNA
IS BI# R, HESEIHER LiFE B
JEX IU2AF (U2 auxiliary factor) 53’
B4 5 5] U2 snRNPE 4SS S,
TR BT EERT/R (pre-spliceosome)
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The lariat (&) is an intermediate in RNA
splicing in which a circular structure with a
tail is created by a5 ' -2 ' bond.

The branch site (773X ) is a short sequence
f'us’r before the end of an intron at which the

ariat intermediate is formed in splicing by

joining the 5' nucleotide of the intron to the

2 ' position of an Adenosine.

Splice Branch Splice
conar site site acceptor site

|
msuwgeu CUPUA Py Pyrich NCA G

«—— 70-350 bases ——=

< [ntran



: :
S ——— Biochemical steps of

= GU ‘t\ AG : Pr'e'mRNA SpliCing

Fygq N FPygg Fygy Pusg AFYg
Animal consensus
Cut at &' site & form lariat by 5'-2' bond connecting STep 1: a cut is made at The
the intron 5'-G to the 2' of A at the branch site 5 / Splice SI_‘_e Separ‘GTing fhe

Ua .
N5 left exon and the right
5 : i .
5 3 UACURACAG ’ intfron-exon molecule.
Cut at 3' site and join exons, intron released as laniat
. . /
U, Step 2: cutting at the 3
5 3 Cl 12 35 3 splice site releases the free
intron in lariat form, while
l' the right exon is ligated
5 3

(spliced) to the left exon.

Debranch intron

o'GU

virlualtext waaw Erg 10 com L B L FUYY :__1_, _,IEU:_; 3'



Splice Branch Splice
conor site site acceptor site

|
ﬁfsumgeu CUPUA Py Pyrich NCA G

«—— 2Z0- 580 bases —

Intron >

I LB 4 L P mRNART/E _EFIsnRNP & M5’ [8] T <43
7, BBEES A EEIEXS TS —AGHENE
I3 2 A

AGHI — L% F R W] L2 BY #E30R, — UK,
CAG=UAG>AAG>GAG.

MEMRNAFRTE LB ZEJLNAG, Flfe kA=
“F,
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Drosophila DSCAM gene can be spliced
in 38,000 alternative ways

exon 4 exon 6 exon 9 exon 17
. 12 alternatives 48 alternatives 33 alternatives 2 alternatives
genomic | n
DNAand () ) ) | D ) ) I D)) )
pre-mRNA e iy L e o A dmglhd
.'-?-: I'-_-'I I"_‘." H"ﬂ-\.\_\____.-"'- \‘. "'--._\_\__.-\- " LW '.’-' -.- '."- '."' L .I'.‘,". _‘,l'r
MRNA [T 1 1 [T T W TT T 171

17

Alternative splicing (F]Z£EJ#£): some pre-mRNAs
can be spliced in more than one way, generating
alternative mRNAs.

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings
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exons introns

TRANSCRIPTION, SPLICING, AND
3’ CLEAVAGE/POLYADENYLATION

5 -/Y\MVWWB’ striated muscle mRNA
5’ W\—B' smooth muscle mRNA
5’ W—T fibroblast mRNA

5’ -/\-/WM/\—? fibroblast mRNA

P N AW Y VWV Do N brain mRNA

Figure 7-21 Essential Cell Biology 3/e (© Garland Science 2010)



Different ways of alternative splicing

intron 1
ova (I I -
exon 1
l transcription
primary RNA 1 3

; L' NN 00—
transcript ~ ® :
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1 2. % 1 3 1 2 3 1T o2 3
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Self -splicing introns

I NRAET

7 X P A FHORNAZS 5 LA LIS 1
AT T E R,

—IT-I-

b bD
and
(AYAY

F-l/

Autosplicing (Self-splicing, H FEJ#2)
describes the ability of an intron to excise
itself from an RNA by a catalytic action

that depends only on the sequence of RNA
in the infron.




Self -splicing introns

. g catalyze the chemical
fold into a specific reaction using metal

conformation ions as cofactors



There are two classes of self-
splicing introns:
group I self-splicing introns
group IT self-splicing introns.
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1284 F(group II intron)
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FZMRNA A& TFHIE
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_— intron sequence

5’ exon 3’ exon
N\
sequence S sequence
q 2'’HO=A q

s m— 7 b
|

( and Science 2010)
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The chemistry of group II intron splicing and RNA intermediates
produced are the same as that of the nuclear pre-mRNA.

a pre-mEMA spliceosome b group Il self-splicing C group | self-splicing

T Qo

F # | i i ¥
3 5 A 3 5 3
31HO._

s I g ‘ 5 I ¥ 5 I3 -+
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RNAHKIZR % (RNA editing)
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A specifically targeted C residue within
mRNA is converted into U by the
deaminase (FiEEF).

NH,

cytidine
N/ deammaseb b

The process-occurs-only-in-certain tissues or cell
types and in a regulated manner.
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1 SRNA (guide gRNA)

19904, L.Simpsom&7ERf 5T 4 f 28 b A mRNA
I B — 238 )/ FRNA:

o A PAFIMRNAZFRgmiERIE 4 &k EIEH AP E

o MIMRNARIAFHIgmEER T8 RIEH, HIRH
HNIEERNA (guide gRNA) .




gRNAs

guide RMNA 3 [pely-UlCUAACAUAUGGA 5
I [

editing anchor
region

Having three regions:

* anchor- directing the gRNAs to the
region of mRNAs it will edit.

» editing region - determining where
the Us will be inserted

* poly-U stretch
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mRNA Transport

Once processed, mRNA is packaged
and exported from the nucleus into
the cytoplasm for translation

Movement from the nucleus to the

cytoplasm is an active and carefully
regulated process.

The damaged, misprocessed and
liberated introns are retained in the
nucleus and degraded.
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A typical mature mRNA
carries a collection of
proteins that identifies it
as being ready for
transport.

Export takes place
through the nuclear pore
complex.

Once in the cytoplasm,
some protfeins are
discarded and are then
imported back to the
nucleus for another cycle
of mRNA transport. Some
proteins stay on the
mRNA to facilitate
translation.
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RNA as Catalysts

In 1982 Tom Cech and his research group
announced that an RNA molecule from
Tetrahymena, a single-celled pond
organism, cut and rejoined chemical bonds
in the complete absence of proteins.

. This discovery of self-splicing RNA

.| provided the first exception to the long-
- VB ¢ held belief that biological reactions are
Tom Cech always catalyzed by proteins.

The RNA subunit in the RNaseP Altman Pd
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| Hammerheads perform self-cleavage
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