\ / .
Syfzee s Genetics

Laeio ¢ 8(partl)
Loz &y sMahmoud Al Qusairi




Gene expression

By
mie TS g‘azzar
Dr. Wataa Bayou



Gene eXP rESSion..The process where a gena
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* Definition: Gene expression can be
defined as the gene (DNA) undergoes
transcription into mRNA that can
translate the encoded genetic

information into protein.
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Transcription (RNA synthesis)
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* Definition: Transcription is the synthesis of
RNA using DNA as a template by an enzyme
DNA —-dependent RNA polymerase or RNA
polymerase (RNAP)
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Features of transcription:

* One strand of the two DNA strands is
transcribed only, this strand is called template

v ~—
strand ( ), because it provides

template for ordering the sequence of

R
. . . sequence of nuclesbidles in MY
nucleotides in an RNA transcript s Soenen i 23 M o

* The other strand (non-transcribed) is called

coding strand ( ), because its
sequence is the same as the newly
synthesized RNA transcript (except for
thymine is substituted by uracil)




ST N aw\&b ave sdmm/ o VA GS-Q;'\T (N 030 e~ VA /’mﬂsck’/p/mﬁ
W&ene, XN cse NSawo et \ 'Sy cLuso S99 o\ q§-»,\'»s\ ) awara‘i% l-a&en@
o) AP s S\ l—ramm'f/vbn\e >y Q) 5[’7’&"{ Q

Pae ardaving Lhe sequenc al /Tgmp/efe closs. & Lomplela sérand (anki sence)aad) o dis &

nucleolide wn an Rﬁ/ﬁ [—mn;cr.'ff. A, P Qe &, nudeolidos
ANA d= &, Pudeobides gof

coding, st-rand(sence shaﬂJ)nu’\ fmnscrfr/'ion ayle Lo ), SN WA slyand =

Transcription

: odyn
2. Elongation Nonc*rempla Strand

Template Strand
(antisense)




M/A /—ranscr:p/'s\'«g Nas
« The DNA template strand is read in 3'to 5\ by
RNA polymerase enzyme and the new RNA is

synthesized in the direction of

means in the 3 direction of the
template strand.

means in the 5 direction of
the template strand.

is the nucleotide
sequence transcribed by the enzyme RNAP. It
is the region between the promoter and the
terminator.
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| Image based on similar image from CyberBridge *.

RNA nucleotides are similar to DNA nucleotides, but not The RNA transcript is nearly identical to the non-
identical. They have a ribose sugar rather than template, or coding, strand of DNA. However, RNA

deoxyribose, so they have a hydroxyl group on the 2' strands have the base uracil (U) in place of thymine (T), as
carborw of the sugar ring. Also, |r? RNA, thereisno T | well as a slightly different sugar in the nucleotide. So, as
(thymine). Instead, RNA nucleotides carry the base uracil i the di b h fth di

(U), which is structurally similar to thymine and forms we canseeiny e iagmm above eael | 'of the-coding

complementary base pairs with adenine (A). strand is replaced with a U in the RNA transcript.



(i) Transcription unit
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A promoter is the DNA sequence
that initially binds the RNA polymerase
(together with any initiation factors required).
i.e. Nucleotide sequence in DNA to which RNA
polymerase binds to begin transcription.

Sequences trigger the elongating
polymerase to [dissociate| from the DNA and

release/the RNA chain it has made.

is the nucleotide at the 3" end
of the transcription region ” that codes for the
initial base of the mRNA” . It is designhated +1.
Adjacent nucleotides are given positive numbers
that increase as we go downstream the
transcription unit.
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* The nucleotide in the promoter adjacent to the
+1 nucleotide is designated -1 and adjacent
nucleotides are given negative numbers that

increase as we go upstream the promoter.
Termiobol and prsmber <s\e o Lraps l(np/mﬂ Pegion
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Sequence of
nucleotides in DNA that codes for a single RNA
molecule, along with the sequences necessary
for its transcription; normally contains a
promoter, an RNA-coding sequence, and a
terminator. (i.e. includes the promoter, the
transcription region, and the terminator)
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(D« The DNA nucleotide encoding the beginning of
the RNA chain is called the transcription start site
and is designated the “+1” position.

@. Sequences in the direction in which transcription
proceeds are referred to as downstream from the
start site. Likewise, sequences preceding the start
site are referred to as upstream sequences.

G-+ When referring to a specific position in the
upstream sequence, this is given a negative value.

Downstream sequences are allotted positive
values.
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Transcription in prokaryotes:

 All types of RNA is synthesized by a specific
enzyme called RNA polymerase for the
short RNA primers needed for DNA replication
are synthesized by a primase enzyme.
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* It is a multi-subunit enzyme formed of core
enzyme and sigma factor VA L0 Pl)
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Sigma factor

/ Holoenzyme

Required for Required for correct
polymenzatuon initiation of transcription:
activity binding to promoter






* Core enzyme: two identical a subunits (regulatory

subunits) and_two B not identical (B & B') and one w
chain. One of the B subunits (B) binds to the DNA and

the other (B‘) is responsible for the formation of
phosphodiester bond. WA lemplale os Awas enzpme Az o B cugunit
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@ RNA polymerase enzyme lacks specificity, that is, it

cannot recognize the promoter region on the DNA
template.
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* The o subunit (“sigma factor”): it enables

RNA polymerase to recognize promoter regions on the
DNA. The o subunit plus the core enzyme make up the
holoenzyme. [Note: Different o factors recognize
different groups of genes.]
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. “N.B.: The antibiotic binds to the 8
subunits of RNA polymerase and inhibits RNA
synthesis in prokaryotes as it interferes with
the formation of the first phosphodiester
bond. Rifampicin is useful in the treatment of
tuberculosis.
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Steps of RNA synthesis in prokaryotes:

* |t is divided into three phases: initiation, elongation and
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#Initiation: st o e

* |t involves the binding of RNA polymerase to a specific
region on the DNA known as the promoter region formed

of specific base sequence. It needs a specific protein factor
called sigma factor (o) that recognizes and

then RNA

polymerase starts transcription at the start point ( +1) it is
the first base transcribed as RNA.



 The characteristic nucleotide sequences of the
prokaryotic promoter region (
) include:

#TATA box: It is formed of six nucleotides
(TATAAT) and is located 10 bases upstream ( i.e.
usually occurs around base-10 )to the start point
(+1 point).It determines where transcription
starts.

#The (TTGACA) box: this sequence is 35 bases

upstream to the start point (located at -35 base
i.e. centered about 35 bases to the left of the
transcription start site) .lt determines the
frequency of transcription
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AACTGC ATATTA

|_I_| |_|_.| P VA
Transcrption

=35 element -10 e\evnevct stort sve

Promoteyr

The -10 and the -35 elements get their names because
they come 35 and 10 nucleotides before the initiation site

(+1 in the DNA). The minus signs just mean that they are
before, not after, the initiation site.
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Source: Murray RE, Bender DA, Botham KM, Kennelly P, Rodweld Vv, well PA: Marper's
Illustrated Biochemistry, 29th Editlon: vwww.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



#Elongation:

* |[n prokaryotes only one type of RNA polymerase
synthesizes the three types of prokaryotic RNA.

* The binding of RNA polymerase to DNA template
produce local unwinding of the DNA double helix to

expose the bases.

* The enzyme begins to synthesize RNA in the direction
of 5to 3\with the base sequence complementary to
that of the DNA template strand. Sigma factor is

released after initiation of transcription.

* The core enzyme moves along the DNA template uses
ribonucleoside triphosphate (ATP, GTP, CTP& UTP) and

releases pyrophosphate
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Unlike DNA polymerase, RNA polymerase does
not require a primer and has intrinsic helicase
activity, therefore no separate enzyme is needed
to unwind the DNA (in contrast to DNA
polymerase).

RNAP not only initiates RNA transcription, it also
guides the nucleotides into position, facilitates
attachment and elongation, has intrinsic
proofreading (It doesn't not posses a proof
reading feature as efficient as the DNA
polymerase but it posses the capability of
correct some misadded nucleotide as well) and
replacement capabilities, and termination
recognition capability.




C18. Two genes on a bacterial chromosome are transcribed in
opposite directions as shown. Transcription of both genes is initiated

by RNA polymerase coupled with sigma protein 70. The sequence of
a -35 promoter element for gene A exactly matches the consensus

sense strand sequence:

5'
3I
5’-TTGACA-3'. Which of these sequences

5-TTGACA-3’

!

3
= '
Gene B _ Gene A 5

?

would you be most likely to find on the indicated strand (?) at the -35 position of gene B?

5'-TGTCAA-3’
5'-TTGACA-3’
5'-ACAGTT-3’
5'-AACTGT-3’

Caowy

What is the consensus sequence of the bacterial

promoter?

() TATAAT ------- YT s TTGACA
() TTGACA ------- 17 sesmmmins TATAAT
() TAATAT ------- 1741 suommse ACAGTT
() ACAGTT ------- | Fab] s TAATAT



