


- Although transcription in =~ FLaii¥) ol e a2 N e o
eukaryotes Is similar to audy 3l 5l Class 8
that in prokaryotes, the 3l i) bl A Lyl
process is more complex — 1idad JiS) dlaad) ) V)
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* Instead of one RNA

polymerase that makes
all classes of RNA
molecules In
prokaryotes, there are
three types of RNA
polymerase involved In
eukaryotic transcription

U sl sr (s Yad
Gl (S QJ..\AA .J;\j
Sl A Ul Gl
&1 g3 At Gllia 3l 43l

S HLaS Wl ) psasd 53 (e
) i) calia FLl
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* 1. RNA polymerase I Is
located in the nucleolus
and is responsible for
the synthesis of the
precursors of most
ribosomal RNA (rRNA)

| <L) Jlosadd g ay 1 o

Jsiall o8 54y edl) 4
i 3435 e
Ul plans (23Uh)
(FRNA) (b))
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nucleoplasm 4xgsidl La Sl 8 1] UuY 3l rad g als 2 o
Sl adl J8 U - b Lo caidle (a5 e Jgn 5
(SNRNAS) sall 595 Ul alaxa s (premRNA)
a8 e (e il g iV AL 1 ) W) il o Jaxy)
OIS A Sl yall Bl 5en) MIRNAS abana s (Sl sl
(O s it

caan Fliil e Jans 11 U0 el gy ol il 5—
5 gl duida cilidi gl 8 idiall il

Aiad) el Gl Al UGN ) e 50 cibag 33 a2 54 5—
"!'Sa. S‘
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« 3. RNA polymerase 1 b, Jlsads a8 -3 o

111 is located in the sa 5 A 953 LBl
nucleoplasm and is il (3185 e J g gana
responsible for the (tRNA) Jau L
synthesis of the =l I BN e e 3
precursors of RNA =25 (BS TRNA »)
(tRNA), 55 rRNA A el 5 Ag 9 Al L)l
and some other small 5 jal

nuclear and cytosolic
RNAS
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Assembled

rRNA Proteins Subunits ribosomes
'% @ + Total: 31
& 23S 5S
S (2900 rNTs) (120 rNTs)
2 ......................................................
o
@ + Total: 21
16S
(1500 rNTs)
°
®
5 s 5.85 +  Total: 50
£
o 28S :5.8S 58 &
= (4800 rNTs, 160 rNTs) (120 rNTs)
'; ——————————————————————————————————————————————————————
(=]
B .
g + Total: 33
w 18S
(1900 rNTs)

December 18, 2018
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e The mitochondria Gl Sl g L jai oS ghaall o

and chloroplasts A el o1 Led o) padll
have their own RNA a dala U

polymerases
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Eukaryotic RNA Polymerase Activities
bl sill a3 Ul 51 e g Allad

2 Ul Dl a9 (8 ¢l 55l BN ) el o0 Jia o
3l gl Chlayas
Eria Al glasy ]
3 (A 5oelad¥l ALl Glas 2
Cilia_jall Bal) (s 4) gial aliia JS5 Ul 3a0a5 3

Jalge llati Lald oAy il Gl ) jiad oo aDIAL o
Flaii¥) e lail 5 ) el Loy, (Fladdy) Ja) go) ALl
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Eukaryotic Promoters

3) all dnasas ) ) jaall

 Eukaryotic promoters de gtia B Al daasas ) ) Jma @
are extremely diverse. dahial) b &8 a Al
e o o 53 s Gyl
J Bas M dnalat yealic e

regulatory elements L g1 e QY]
several kilobases away £ &3 05 Gl o A
@

from the transcriptional
start site

37



A ia o (s sl ciliia ) Jaa e paall (g gt
3l bl 8 Pribnow Gs2uaTATA Adual 44l
s ¢ (Fluii) ey a8 50 Bud -25t0 -35bp ~)
2 elan GAITATA B sdial oyl ) (g oy 5 a0
B el o Flodi) dana (g <3

10 A sid 4gline 45 L TATA (8 svia <o paly o
T o gal Cun e A sl gl Ly 53V ) e
ALl e )iy 1] Ul ) et ol
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Initiation of Transcription
Flaii¥) dlae o lail |

 General transcription @M Jwl s gl e
factors and the ULl ) e gr g dalall
nolymerase undergo a Ll N e Jaadl
pattern of sequential L e v -
vinding to initate C ;.:\' ,d‘ ) w:
transcription of 29580 Sliss
nuclear genes

N ¢ Al JUE) & o

* In the following, one ilee e dliaY)

example of the AN

binding process:
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« 1) TFIID binds to the TATA box
followed by

* 2) The binding of TFIIA and TFIIB

 3) The resulting complex is now
bound by the polymerase, to which
TFIIF has already attached

TFID Lyl Jale Jagi Yol (1
2 le 0 TATA (dgtia
TEIB STFHA L)) (2 «

TRHF daladly a3 B ) 32y (<

IIIII

TFIIA  TFIB



* 4) The initiation complex is completed by
the addition of TFIE, TFIIJ, and TFIIH

 5) After an activation step requiring ATP-
dependent phosphorylation of the RNA
polymerase molecule, the polymerase can
Initiate transcription at the start-point

STRIE &bl )iV diee Ja5 (4
TFIIH STFII

e ullali ) L) 5 ghad 2y (5
U ) pradd 0 £ s RIATP Ao Adlias
el Adai & ALudiV) el ) el sall (S
(1+)

lllllllllll

\
FllH
I [ 1itiation comg A
I npleted by add
fTFIE and TFIIH
) D —
o e I >
AN DN )
| I ———
\_/ A *../ "/.)\E\-\""' /
Preinitiati e ,_\-\-»._,/"
complex v
k SATP &
AL D N )
~= \\__,-/ . RNA polymerase &/
7 A 22
© RNA polymerase | ot
Jero

o\ X
—-
Iranscription beqins
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Elongation skl 2

« TFIIH is a large multi- TFIHH Flai) Jale o

component protein .
complex that contains RS (s A

both kinase and 5 sing Al Sall daxia
helicase activity 9 oS Ll S e
~a helicase

* TFIIH phosphorylates
RNA polymerase, which

allows the enzyme to Sl o TFIHH Jaudy o
leave the promoter A M ey Laa (Ll
region and elongate the el ddlale 5 valias
RNA strand Ha N

L\:)M é&dﬁ#& 42



* TFIIH therefore has a
very important function in
controlling transcription
elongation

* TFIIH is also important in
DNA repair and in
phosphorylation of the
cyclin-dependent kinase
complexes, which
regulate the cell cycle

TFEIH L) Jalal (i 131
P aSadll 8 1aa dega dnla g
L) Alany Jo ghatl) Al o

z3al 8 Laadl aeaTFIH )
LS ja (b dud géj LAl
«cyclin e daainall LS

A glall 5 pall ala I
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Termination Y .3

 Termination signals end plgy) Gl HLE) e o
the transcription of a3 a5 Ul ¢Lia
RNA and further S fﬂ“
processing occurs :

* For some enzymes, (alay 31 ezl Aol o

simple recognition of a i,
certain nucleotide dlec Lot o3V ¢ X

sequence only might be 4l sia (1 Jauy (o a0
required for termination ) galS ll) pa Alima
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The Operon =ity Jaial

* Itis aunit of bacterial opadll GaBaag Ay e
(and archaeal) gene L ,,,5,3\ Cilal | nall
expression that typically sale il ¢ ““\“‘U
Includes: N

_u.m.a.u

1. Structural genes

4y euidd) cliaal) 1
?SA:\'“ yalis 2
(<l o)) alile G .3
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2. Control elements

3. Regulator gene (s)



The Operon-Structural genes

e Structural genes: Cadih 038 ¢ 2do gaial) ciliad) o

These include cliall e e L,si—

* Any gene other than a regu Iato I'y Aaliial
regulator
* Genes for enzymes as )Lﬁm u\.,u }y Q\_'e.;_

involved in a specific

biosynthetic pathway and @3"3# GRS jlua T

whose expression is AP T | (A

coordinately regulated L f-u L;d 2 "
e JSay i gl
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The Operon-Control elements:

« Control elements: pSadl) jalic .
Jiiall 4 gia Lellia—
— e.g. an operator sequence s 5 (operator)
which i1s a DNA r“j“" R
) 94

sequence that regulates o T
transcription of the Sl (ga FLudsy)

structural genes aa gl
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The Operon-Regulator gene (s)

« Regulator gene (s)
whose products
recognize the control
elements:

— e.¢. a repressor that
binds to and regulates an
operator sequence

rale o Allaiia (f als

;asail)

(repressor) akls Lellia
Jadiall 44) giay Jass
a.alaiy 5 (Operator)
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The Operon acts as a unit
of transcription, and
functions in a
coordinated manner to
produce
by transcription a single
MRNA molecule which
codes for more than
one protein with related
metabolic functions

ﬁS:%./S‘ o

‘éum A S (Operon)
i Aie 48y Hhay Jary
Jaus gdlly wag U,

agd g (o ASY
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* Francois Jacob and

Jacques Monod proposed
the operon model for the
coordinate regulation of
transcription of genes
Involved in specific
metabolic pathways in
1961 and shared a 1965
Nobel Prize for this
groundbreaking work

The first
described operon was
the lac operon

S5 | gl 2 = )
Zosal A4 ga
(Operon) Jadl

o A8 HLaall cilial

P RREW u)\sw\ u\JLnA
Leulsi s 1961 ple 28
1965 oo o553 Hla
3 31 Jaadl 13g]

O Caay Jadia Il
Lﬂy }S: % -
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The Lac Operon

éy /“Si °:./

* The Lac Operon The &Y )ik Saty
controls the expression e '
el ac Operon
of genes (lacZ, lacY, fw\ . P il
and lacA genes) o U:’s T

involved in the lee A -
metabolism of lactose P9 IO O
| REEN

®w o

lacZ <lacY <and lacA
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* The genes are under the control of one promoter Plac
and they encodes enzymes required for the use of lactose
as a carbon source within a polycistronic mRNA

SIS * PR IIREN PR T P -V STV GIE P WG RTEN T W
PRIP-VA jﬂﬁ\ e\dﬁu\l LJM‘ C\Lagj-\';\ﬂ Prive @jPIaC
(polycistronic) Cruyiall daadia Juu o U, Jala (g sl

Regulatory gene lac operon
r & N - A N
Promoter
oy
DNA P, lacl gene ool O lacZ gene lacY gene lacA gene
P,
Operator
Y

5" I - 5’
lacl-mRNA lac-mRNA 1 1 l

Y

: Galactoside Trans-
Repr r alactosidase
" pfgt:i;so P permease acetylase

Copyright © 2009 Pearson Education, Inc.

3/




 Polycistronic: mMRNA
found that encodes more
than one protein

Eh\j\i) UJJM\ AT KPR

s R e ST i oAl
.J;‘j
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« LacZ codes for B-
galactosidase: an
enzyme responsible for
hydrolysis of lactose to
galactose and glucose

sl Lacz J) ces iy
il Sl gase Ll
dgala e Jssma
SHESYBY ) g
JeSsiadl g

95



* lacY codes for a
galactoside
permease, which is
responsible for
lactose transport
across the bacteria
cell wall

a3Y lacY o id
BEVSTRTRT
JSRSU Jab e J g sl
Al AIAL) s e
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 LacA codes for
galactoside O-
acetyltransferase, which
may detoxify non-
metabolizable
galactoside sugars and
help exclude them from
the cell

a3 LacA (e
Gl 2y 3 4WLE

ol gl g ¢ ) bl S
A8 i) by Sl (1
Lsk‘ Ac\.mﬁj cgmm
1A pe Laalayiul
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operatordadall wé se lelacZYA Fludil sas g g gind o
lac repressor &¥ alilsll e (i by g <O,

Cntetramer Clawadl) ol JSa 55 e JLISH gy, .
Ll )Yl die Fluliil (o 68 Jadia 5o 5 Adilaic Ae 8 Clas g
operatordiall,

dacl J=tia regulatory absis cpa J8 (e oL 5805 25 o
el S8 8 a0l 28 5 lac operon ¢w s JS& Al
I:)Iac

Regulatory gene
A A
- ) r D)
Promoter

ey

DNA P, lacl gene ool O lacZ gene lacY gene lacA gene

M
Operator
Y

5 I - s I
lacl-mRNA lac-mRNA l l l

Y

R . Galactoside Trans-
alactosidase
{ ? l Reprgssor A9 permease acetylase
/) protein




* E. coli use lactose as a
source of carbon. The
enzymes required for
the use of lactose as a
carbon source are only
synthesized when
lactose (inducer) Is
avallable as the sole
carbon source

sl gall Lady AV aadid
B SUSEES Pl
iy Y poriaal o
JgasdU e\dﬁu‘g Z\.AJM\
Ladic Jadd O Sl Jaaas
(EEF ) ST SRV
By JhadS | 2 gl

O3 A
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DNA |

AUl S
aBlS (19 zWL regulatory  abaiall sl 28y e

_paic) operatordw-d\ s alilSl) (g sadl Jay o

Cliadl e umil) aag g ¢ (control elementaSaill
(sl cliadl) 4000

RNA polymerase blocked from
e Repressor bound
transcribing lac operon

></-—- = to operator
|
7Pi, lacl gene | 0 lacZ gene | lacy gené v lacA gene

|
e EX
lacl-mRNA l
) R (a) Lactose absent, repressor bound to operator, operon repressed.
In the absence of lactose, the repressor remains bound to the
operator, and RNA polymerase is therefore prevented from moving
Active form

of repressor down the lac operon and transcribing its genes.




 Both the lac repressor
and the RNA
polymerase can bind
simultaneously to the
operator site and lac
promoter, respectively

sy AR e JS oS
(o2 ks N B ) el
Bsa pa gl
operator Jadill
gl e @ i
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In the Presence of Lactose
BES RPN

LAY ) 5SS Giliay Leie

eg)'.ﬁpermease o saidiall gacldl) (g gl 1 —
IS palialal pramy Sl )

B- I sisye Ll sy 3l (e 33 sanall dpalll 2 —
18 (e am Jagad 383 IR Jalaglactosidase
isomer allolactose & guaall JgiS¥gl) I 5 5SUl
(3abinall dgalall Juny Jelas 3)
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3. Allolactose acts as an inducer and binds to the lac
repressor, causing a change in the conformation of the
repressor tetramer and reducing its affinity for the
operator

s clac &Y aBlSly Jagi g Jdaas §93¥ ol Jany 3 o
tetramer Bl el JS&5 (A s (8
operator Jadall aal] m1eas

®
S
) @

Active form of lac @ Inactive form of lac
repressor (binds to repressor (fails to
operator; blocks bind to operator;

transcription) allows transcription) 63



Cusy (regulatory abais) 52:\51\ O g dhary el 1 4
( control elementaSaill yaic) Jadiall cpag aday ) oS Y

353 gall Lol 51 paadd sl (Y1 pBSH Jolaa dlee manss 5
Cliall e el g FLaEY) 8 de ju el ) el L Jadll
Gall sla e 3000 4 0l

RNA polymerase RNA polymerase
bound to promoter transcribing the operon

-
DNA P lacl gene sz/ lacZ gene | lacY gene | \facA #en/e‘_>
5 —3 §¢ —

lacl-mRNA lac-mRNA 1 l 1

Lactose /
& : Galactoside Trans-
B-galactosidase
permease acetylase

Inactive form
of repressor

(b) Lactose present, repressor not bound to operator, operon derepressed.
In the presence of lactose, the repressor is converted to its inactive form, which
does not bind to the operator. RNA polymerase can therefore move past the
operator and transcribe the lacZ, lacY,and lacA genes into a single mRNA.
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* S0 adding the lactose or
any synthetic similar
Inducer (isopropyl-B-D-
thiogalactopyranoside —
IPTG) very rapdily
stimulates transcription
of the lac operon
structural genes

) oSO ALl oyl 1A
daliia Haa gl
(IPTG) stk
i) a e JS5y Jadiy
Jadiall 4 gl Sl
Sy
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