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Termination in eukarvotes: transcription inVasgs o e Ll
ermination In etixd YO ES:. . J o2t 7 termination J' a9 Weukaryotics
* Leads to the dissociation of the complete ;. o o b, o i sl mRNA

transcript and the release of RNA polymerase -

from the template DNA. The process differs for Pl
each of the three RNA polymerases. $ o i
* As Pol Il reaches the end of a gene, two protein  termination gz signalsJd=s 3 gks-
complexes carried by the CTD (carboxy terminal §ad =

domain), CPSF (cleavage and polyadenylation  rna pol 2013k dsignatsdr »* i o
specificity factor) and CSTF (cleavage stimulation  per i, e, ol L OTD ! tail B L6 L

factor), recognize the poly-A signal . 5 N
(polyadenylation signal sequence AAUAAA) in the /\’“"”"“{”JPWWCSW‘%U‘J
transcribed RNA. L sl poly A mgnald‘q,,;mgnaluuw\,;

o The sequences that, once transcribed into RNA, trigger transfer of these ~¥* *":‘DNA"“""‘L‘ RNA polymerased‘(ﬂ/f%
factors to the RNA are called poly-A signals MRNA X Ik tail L al b olfs s

\

MRNA A (Pc’kﬂ A dal I fai s MRNA ) Cleavge J&) ) islw ZJ/,[@(‘IA};{\_H

CPSF (cleavage and polyadenylation specificity factor)
DA Jloe aesl, mRNA U 5o Clesnge &1 £V &

CSTF (cleavage stimulation factor)




MRNA H taildler olrs &L Jol
$Y) termination signald! s b »
* Poly-A-bound CPSF and CSTF recruit other o\;'i)<uLf;)L%f)4(mRNAd|éZ'b!
proteins to carry out RNA cleavage and then tauw,Lr‘fm,deavagewwgfuw
polyadenylation. Poly-A  polymerase adds
approximately 200 adenines to the cleaved 3’ end

J e ..;;.f;:" 20J'15¢~ cleavage - g~

of the RNA without a template. The long poly-A signal
tail is unique to transcripts made by Pol Il. poly AJles? tail It I ot Lslus i s
* The RNA molecule made by RNA pol Il is called a 3'J1 22 200A L& Luigs g0 polymerase
primary transcript, which needs extensive RNA AE2 g 1DNA template s,

processing in order to produce a mature mRNA
for translation & protein synthesis.

§ translation aw® & elo AL 02 W2
¢V processing ges primary transcriptd'as b v NN
3G Upost transcriptional modificationsJ'as \ \
S & exonsd A intronsJ! L wstail c,;;cap e \
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RNAJI o 4 RNA J

s5C %;i T," ::gu.‘:nsgn:RNA 845 s Exit channel
A s RNA pol 2JLas
al Jo\e
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RNA cleavage i

poly-A polymerase {
(PAP)

B il — & vpoly A taild g, L s
el ﬁl taildb ol tailJL eFiss..
e m— 4 Y (‘9 ez 3 3exonucleasesJ! ¢

et sz A single strand ¢! 4! L2

masking (‘V"u Jols7el)
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1 4 F. G2 L primary transcripted RNA J! Le Ls) 1)

oL e (‘V | gismodificationsd o ¥ -6

» Processing of mRNA
» Synthesis & Processing of ribosomal RNA (rRNA)
» Synthesis & Processing of tRNA
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\ . . Y capd) gi=p &7
A.> Cagmg—' . Exitd‘dyumRNAd‘v'd;y‘;}.‘C‘%L’dj‘
J The RNA is capped as soon as it emerges from the
RNA-exit channel of polymerase. This happens when
the transcription cycle has progressed only as far as
the transition from the initiation to elongation LT
phases. § os® g — b Rase ) Oty =] J= Lol S=
O The cap is a(7- methylguanosine triphosphateB\/ Mehmlet \) & J] e Guls. Cy>g30 quanine
attached to the 5\- terminal end of the mRNA (which -
terminates at a triphosphate group). Olwe ¥ 2 Sniy o

Jree capd g4 o channel

J One of the terminal phosphate groups is removed

by RNA triphosphatase, leaving a bisphosphate group N\
‘ - L \
A > CQF (Z/llf2>},_§y Pibs ‘-])F(J.JD <o Tri U mono U@” mRNA L Lpa ;uﬁdﬁy Jal
2 dg’jl/ Tﬁ'PhoSFka}e < yﬂ’dﬂ _,L«»JCJXJLL o %—LJ a~l/ PES R ‘WX i \\ ‘
. S ‘ : _)\).o.m’ “q’\b\*ﬁﬂ}u_)w g J“Jj"ﬁ""h \
“ A {riphosphatace Dl U=z - ngu C \
J“*U.a RN ((phosp e %&Lmsuwyv \

G shpo O o gl 38 Do ) o \\\



 GTP is added to the terminal bisphosphate
by MRNA guanvlyltransferase, losing
a pyrophosphate from the GTP substrate in
the process. This results in the unusual 5\to 5\

triphosphate linkage.

N\

Sl sy ({J capJ'd oLz guanylytransferase o~ o (‘V"La GTPe#elses? (i capd cid! oy Olin P e LS e sl els |
uu,/wu.wmr"&(kuwmwuﬂy, Ol A sdig iy AP

LML L link o 275307 uske X (2 phosphate 243 IMRNAJL e dal el £ g smono eld cap ! ¢ & zrs \
e
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2phosphate ez f Lis! steps s S5 Ui s capd gl oles

> Methylatlon of this terminal guanine is gwfjeuaniewu\:w.umethyl group ciss! G 25

catalyzed by guanine-7-methyltransferase.

primary methylation q,Lr"‘ |

» S adenosylmethionine, SAM, ( active

methionine) is the source of methyl group. Sexser o g,

Methylation of N-7 of guanine of the GTP methyld _ g, bbb SAM s~ Amino acide” L ¢

cap occurs in the nucleus. capJ! L eld active methioninea~! & group
. S -

» In the cytoplasm, methylation may occur at "‘f"d"”’-“ﬁf‘”{
2\ OH of ribose of some nucleotides, and at *=' 4 channeldie” transeriptd #2b ot nucleusJ
N-6 of adenine of some nucleotides S
(secondary methylations)

N

Q: OHJ' Carbon2 .= o RNA transcript bls! secondary methylationa~! Ls St d‘c ‘ d
adenined csbtN7J &) sl methylated L methylation Lise as; ols¥ e v d cytoplasm J § RNAJ A& L o
secondary wsprimary 49 Wlibsmethyl LAs B s ribose S Carbon2 cst oHJ s

cytoplasmJ L';/L, ssecondary :uls ! N7 .= methylation (VLL’U Adenine base (’W gU\:L.;):"/;.—" e 528 ol
] w2 ¥ Il $le 6.y Cytoplasm Il e Lmethylation e g9 s at S v o




‘*Importance of capping:

It protects the 5'\ end of the mRNA from 5\
exonuclease enzyme.

It helps its recognition by the ribosome.
It helps the initiation of protein synthesis.

Eukaryotic mRNA lacking the cap are not
efficiently translated.

Helps transport of mRNA to the cytoplasm.

A G0 0B L # - LU Y translation ' 4 cap (‘l/:’ L VI mRNA JI gt 12/

Y capags~ channel J e C‘é RNA J/ L ot o
¥ ats s ok single osk strand S a2

masking as® nucleuses.!

5prime exonucleased' ¢~ di capJ'

olfa AL taild & 3prime exonuclease ke 4! tail L lbs_s
3primedJl v tnucleasesd! v J a5 sV

e ol Bois b itk specific sitea) #=! S
5prime &bzl 3primeJ!
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B. Addition of poly(A) tail:

v' The final RNA processing event, polyadenylation of the 3\ end of the

MRNA, is intimately linked with the termination of transcription

v' It is the addition of poly- A tail at the 3\ end of mRNA (100-
200 A bases).

v" This poly-A tail is not transcribed from DNA but added after

transcription by the enzyme polyadenylate polymerase using
ATP as a substrate.

v" This occurs after the mRNA is cleaved 15-20 nucleotides
downstream from the AAUAAA recognition sequence.

v' The poly-A tail immediately binds several copies of 3 poly

(A) binding proteins| that protect mRNA against 3\
exonuclease.

A, OLAY G A s s SV L tail

termination signald du &7~ b1 5!
¢ cleavage Ve L= DNAJI ¢ AAUAAA
N 02 H OlEs I w3 2 25 D
W Aot poly A tail &' Gsls g-tail
AJ'_g,spolyadenylate polymerase
e Bl g, » ATPS A GL, S ATP I ”
tail ! Ml oles
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Clea\;age 10-35 nucleotides
downstream from AAUAAA
sequence

E ': '= l; Poly(A) polymerase

_AAAAAAAAAAA ...

S J

y
Poly(A) tail

© 2012 Pearson Education, Inc.
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¥ sLL capd ol az adtaild L2

KR _ .1, drrinucleusd'or mRNAJ ~&
< Importance of poly-A tail: Prattanget B e e st

* It stabilizes the mRNA & protects it from translation ) b &~ i) o0

exonucleases enzymes. The length of poly (A) e
tail determines the half life time of mRNA. I stabilization d e gt 51 olfb™

§5™ S mRNA
* |ncreases the efficiency of translation. Half life ' s ais® tail J ot 16
» It facilitate their exit from the nucleus .After A9 L0 L MRNAJI ¢ time

e 5L SIS mRNAJ Y tail
D8 oy L e
gradually shortened. WL 8 Ftranslation Sem

the mMRNA enters the cytosol, the poly-A tail is

translation L w2t ek b BNy I VY ~EMRNAJ A L s o= poly taildl A P AL mMRNAJ LS
intronsesstail 2capics osk 7Y functional o+ stranslation ! L Job & mRNAJ ol

translationd! i & sl ools 11 v or@ ok als




S gt e b s tail Jscap I e Ly eld

C. Removal of introns and splicing of exons : .
P & e & exonsdl v Asintrons

. . . functional mRNA £ oLz

» |t means excision of introns and joining the &
ends of exons to leave only the functional dkzrfi.taibcapwwcf"‘{ﬁfd'é'wﬂ/
MRNA molecule d‘frmRNAd‘C‘é.‘ai‘anudeus
Alscytoplasm

» This process occurs in the nucleus by the help
of the small nuclear ribonucleoproteins S sl I p_ e
(snRNP, or snurps) which are composed of '

wEASRNALSeLL Olfs,
RNA pol 243 % ¢l LPaxs s Small nuclear RNA \‘

e Ol @ osu RNA D, up «—J ~
(SHQNP/ gr\u(@5> Q\\‘

oxons J 7’@/5 nhrens J Z\Jﬁ_{%ﬂ‘f ﬁj»f L:d@

small nuclear RNA (snRNA) and proteins.




Smau nucleaw KNA + Pro)n'ems

(rizgmes)
| " l
* Snurps acting on mRNA are called — SaRWP
spliceosomes . This is an example of catalytic "“’ﬁl S(Qﬁzgosbmes
RNAs or RNA enzymes, which are termed O Launy o) (\'Boz\sm’eéi)g
ribozymes. Wi Gl
Y R Ezgees

* The sequence of bases at the exon-intron
junction determines the site of splicing.

O phis hih introns 5o S| Srwips ISl 2 SN X

Seguense ) Jonckon, (103 =) INTRONS > £XoNS ) Sl Seguencas ) <
exose o) Inhon Sl> =) oif oas
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Mature mRNA
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- 9% splicingJ' alf 2t

One type of B thalassemia appears to .result L s s 00 L il 1 G0 b 1 U

from nucleotide change at the exon-intron (AP I ks s A 1)
ve intron :

junction leading to failure to remove intrones, Achains e o6 wm sl 57

reducing the synthesis of the B globin chain. beta chaind ¢ besh v & sz olis Jbeta +2alfa

cap atis! £, > mRNA e ols Z’ a5 sequenceJ!

Patients with systemic lupus erythematosis sz M olze el S sintrons Il az s tail s
(SLE) produce antibodies against snRNP. L

Jat 7B thalassemiaar L ud § Lo 5.5 3
Histone MRNAS (replication-dependent =P oz Beta genedie” & M mRNA

histones that are expressed during the S-|dJBLexonsdbintronsdiewjunctiond!dolsA

phase of the cell cycle) do not contain introns. | eintronsd = e Lovrsves_ S Lsnurpsd §
S D g~ bnon functional mRNA molecule -L

beta polyJ)beta chains A& translation
e 5 gwgwm}ﬁﬂ LV (peptide

\

Vo
S #W‘fffi‘;




systemic lupus erythematosis(SLE) 4~ 2 Lis

sE A f;‘ﬁ\:, antibodiesfj"cévzg;‘/}‘ iz.d\,cfégf\u&ﬂ;w
multi systemses? & (J L

J s antibodieses ek Hat ;20 N AL 000 o) i
gl 8 2L ALz oo, oLt Gl MRNA 8 ke snurps
g o

Histon mRNA J' 4 o2

Sl (‘V' lal O~ p_sorganization SDNA nucleosomed! da 1l )
cell cycled'e”S phase J! siexpression (ﬂ;—@( regulation of gene expression
s~ el o~ ¢ Vil LDNA Juphasedi sl ~2 DNA replicationd' sy

3l c}t:(" | sWsReplication dependent \‘
DNA replication and organizationJi .. ¥ i__4 histon mRNA J/ 4t 13 P oo g g 1 \
o was 3 taiil s cap b L st (057) e85 L mRNA I introns A7 L NN

A c_S..;‘S phaseJI Jus 4! 4,554’" AP sode osts A eldssplicing c} L Jsts translation = \ ‘

AU e Ll s S sl ay . s iy

- - - \\\\u

L@"‘ A9 A gl el/)introns




Ol Lt ) Sl S ara A

W Two advantages are suggested for having exons;mtmnswdiwé’—'
protein- coding genes organized as exons &
introns: — _

1- Alternative splicing may lead to the QUPmRNA”‘”%Ji‘/‘"‘C‘W?f
formation of different types or new types of S £
MRNA molecules or proteins.

2- Also this will decreases the possibility of — § <al Olab Es=a ga
effective mutations ,(that result in protein 52 2 exons )\ g f jakens 2P

) S g;,J’E-'Xov\s B

abnormalities or disease), if it occurs at the
regions of introns.

,qu JJ m}ro{\S))P;; u,M UMPj‘O\S\) W \‘

Op D phens)) cuns 5 oit A aws
£xons J alp!

Rode ol mutekon ia inbrans > Rake of mubahen a FYors \‘
J #ous X




Chromo- ) Exon 1 Exon 2 Exon 3 Exon 4 Exon 5 Exon 6
somal g H { -
DNA 3 3
l Transcription
Primary RNA 5, . 3’
transcript 1 2 3 4 5 6
Alternative splicing
mRNAs ( )
I T CC T s
1 2 4 5 6 1 3 5 6 1 3 4 5 6
‘Translation lTranslation iTranslation

Protein 33

THE CELL, Fourth Edition, Figure 55 © 2005 ASM Fress and Sinauer Associates, Inc.

Protein 1 g Protein 2
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* Alternative splicing, or differential splicing, is a
regulated process during gene expression that
results in a single gene coding for
multiple proteins.

* In this process, particular exons of a gene may be
included within or excluded from the final,
processed messenger RNA (mRNA) produced
from that gene.

* Notably, alternative splicing allows the human
genome to direct the synthesis of many more
proteins than would be expected from its 20,000

protein-coding genes.
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