TRANSCRIPTION

Transcription is the synthesis of RNA molecules, with DNA as a template, and it is the first step in the transfer of genetic information from genotype to phenotype. Genes encode information for production of proteins. The decoding of genetic information is carried out through intermediary RNA molecules that are transcribed from discrete regions of the DNA. 
RNA
RNA molecules are linear polynucleotide chains that differ from DNA in two important respects. First, the sugar moiety of the nucleotides of RNA is ribose, which has hydroxyl groups on both the 2’ and 3’ carbons of the sugar. Second, instead of thymine, the base uracil (U) is found in RNA. Most RNA molecules are single stranded, although often there are segments of nucleotides within a single chain that are complementary to each other and form double-stranded regions. RNA has single polynucleotide strand whereas DNA has double polynucleotide strands.
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Secondary structure formed by single stranded RNA based on complementary region

Classes of RNA- There are various types of RNA in a cell each performing different function. Summary of the location and function of RNA is given in the table below. Ribosomal RNA (rRNA), along with ribosomal protein subunits, makes up the ribosome, the site of protein assembly. 

Messenger RNA (mRNA) carries the coding instructions for polypeptide chains from DNA to the ribosome.









 
Transfer RNA (tRNA) serves as the link between the coding sequence of nucleotides in the mRNA and the amino acid sequence of a polypeptide chain. Each tRNA attaches to one particular type of amino acid and helps to incorporate that amino acid into a polypeptide chain[image: ]. Small nuclear RNAs (snRNAs) combine with small nuclear protein subunits to form small nuclear ribonucleoproteins (snRNPs, affectionately known as “snurps”). They help in RNA splicing during RNA processing in Eukaryotes. Small nucleolar RNAs (snoRNAs) take part in the processing of rRNA. RNA molecules also are found in the cytoplasm of eukaryotic cells; these molecules are called small cytoplasmic RNAs (scRNAs).
All Types of RNA are transcribed from DNA. Some are transcribed in both Prokaryotes and Eukaryotes, some are transcribed only in Eularyotes.
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Transcription is the process of synthesis of RNA from DNA. Thus this process requires 
· The template DNA, the raw materials (substrates) needed to build a new RNA molecule; and, the transcription apparatus, consisting of the proteins necessary to catalyze the synthesis of RNA .
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The template Strand- Out of the two strands, one act as template for RNA synthesis. i.e. transcription takes place in only one of the strand. The nucleotide strand used for transcription is termed the template strand. The other strand, called the non - template strand, is not ordinarily transcribed. mRNA shows sequence similarity with non template strand, since it has codon for protein so non template strand is also called coding strand or sense strand. Similarly template strand is called Non coding or Anti sense strand.
[image: ]
The Transcriptional Unit
A transcription unit is a piece of DNA that encodes an RNA molecule and the sequences necessary for its proper transcription. Each transcription unit includes a promoter, an RNA-coding region, and a terminator.
The promoter is a DNA sequence that the transcription apparatus recognizes and binds. It indicates which of the two DNA strands is to be read as the template and the direction of transcription. The promoter also determines the transcription start site, the first nucleotide that will be transcribed into RNA. The RNA-coding region, is a sequence of DNA nucleotides that is copied into an RNA molecule.
[image: ]The terminator, a sequence of nucleotides that signals where transcription is to end. Terminators are usually part of the coding sequence; that is, transcription stops only after the terminator has been copied into RNA.
Region of DNA which left to the transcripyion start site is called Upstream region and which is right to transcription start site is called downstream region. Transcription apparatus moves downwards to trancscription start site.
The Transcription Apparatus – It is basically RNA polymerase with additional accessory  proteins and factors involved in transcription. Each accessory protein is responsible for providing or regulating a special function.
factor.
Bacterial RNA polymerase- Bacterial RNA polymerase is a large, multimeric enzyme. It is made up of core enzymes and  sigma ) . The core enzyme   hastwo copies of a subunit called alpha , a single copy of beta (), and single copy of beta prime (’)
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Eukaryotic RNA polymerases -Eukaryotic cells possess three distinct types of RNA polymerase, each of which is responsible for transcribing a different class of RNA: RNA polymerase I transcribes rRNA; RNA polymerase II transcribes pre-mRNAs, snoRNAs, and some snRNAs; and RNA polymerase III transcribes small RNA molecules—specifically tRNAs, small rRNA, and some
snRNAs . All three eukaryotic polymerases are large, multimeric enzymes, typically consisting of more than a dozen subunits.

Substrate for transcription

RNA is synthesized from ribonucleoside triphosphosphates (rNTPs) 














The over all reaction can be written as
[image: ]
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where PPi represents two atoms of inorganic phosphorus. Nucleotides are always added to the 3 end of the RNA molecule, and the direction of transcription is therefore 5’-3’.
RNA synthesis does not require a primer
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Location of Function®
Class of RNA CallType  in Eukaryotic Calls Function

Ribosomal RNAGRNA)  Bacterialand  Cytoplasm Structural and functional
eularyotic components of the
ribosome
Messenger RNA(MRNA)  Bacterialand  Nucleus and Carres geneic code for
elanotc  cytoplasm proteins
Transfer RNA (RNA) Bacterialand  Cytoplasm Helps incorporate
eularyotic ‘amino acds into
polypepide chain
Small nuclear RNA Eulanyotic  Nudeus Processing of pre-mRNA
(snRNA)
Small nucleolar RNA Eulanyotic  Nudeus Processing and assembly.
(snoRNA) of mNA
Small oplasmic RNA Evlaryotic  Cytoplasm Variable
(scRNA)
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Small nucleolar RNA Eukaryouc — Nudeus brocessing and assembly.
(snoRNA) of mNA

Small oplasmic RNA Evlaryotic  Cytoplasm Variable

(scRNA)

Al ekaryotic RNAS are transcrbed i the pules.

RNA molecues o e found n the cyopismorewkary- — Transcription: Synthesizing RNA

otic el thise molcules are alled sl ptoplasmic

‘RNAs (ScRNAS). The diffeent classs of RNA molecules from a DNA Template

‘are summarized in Table 13.2 Al celluar RNAS are synthesized from a DNA template
rongh the process of transcripton (¢
Tansciption b in many ways SImLa t0 e proces of

replication, but one fundamental diference reltes o the
length o ihe tmplie wed. During repicaion, ll te
nucleotides in the DNA tempae are copied but, during
ranscripion, only small pas of the DNA molecle——
usualy 2 ingle gene o, i most a few genesare tra-
Crbed iio AN Bcais o al e progucsae nesded
2 the same tme of n the same ce. 1 would be highly

Wesarger B o)

Ribosomal RNA (RNA)
Transter RNA GRNA)

Pre messenger RNA (pre mRNA)
Sl mclear RNA (znRNA)

‘Smll nucleola RNA (o RNA)
Small cytoplasmic RNA (scRNA

All cellutar types of RNA are transcribed from DNA.
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FIGURE 29 Schematic representation of transcription. The arrow indicates the direc-
tion of transcription.

-flanking or downstream region. To iniiate transcription, RNA poly-
‘merase binds to a specific sequence of nucleotides upstream of the coding
sequence known as the promoter. Similarly, a specific sequence of nucle-
otides downstream of the coding sequence, known as the transcriptional
terminator, signals RNA polymerase to stop RNA synthesis.

From a molecular perspective, a gene is a specific nucleotide sequence
that is transcribed into RNA. Structural genes, which make up the vast
‘majority of transcribed DNA sequences, encode proteins; however, the ini-
tial transcription product of a structural gene is an mRNA. In prokaryotes,
a contiguous DNA segment forms a structural gene (the coding region).
Prokaryotic transcription entails the binding of RNA polymerase to a pro-
‘moter region, the initiation of transeription at a nucleotide upstream of the
structural gene, and the cessation of transcription at a termination sequence
that lies downstream from the coding region (Fig. 2.10). In eukaryotic organ-
isms, a structural gene usually consists of several coding regions (exons)
that are separated by noncoding regions (infrons, or intervening sequences).
After RNA polymerase has bound to the promoter and the entire eukaryotic
structural gene is transeribed, the introns are removed from the primary
transeript, and the exons, in the correct order, are linked (spliced) together

o for T o (Fig 2 o tobe
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3. the wanscription apparatus, consisting o the proteins
‘necessary to catalyze the synhests of RNAL

‘The Template

In 1970, Oscar Mille, Iz, Barbara Hamalo, and Charles
Thomas used electzon microscopy to examine celolar
contents and demonstrate that RNA i transcribed from 2
'DNA template. The resuls of this stucy revealed within
the cllthe presence of Chrstmas-tree-like structures: thin
central fibers (the trunk of the tre), to Which were at-
tached strings (the branches) with. granules (¢ Fictae
13.3). The addition of deoxyribonuclease (an enzyme that
degrades DNA) caused the central fivers o cisappear, in-
dicating that the “tree trunks” were DNA molecules.
Ribonuclease (an enzyme that degrades RNA) removed
the gramilar strings, indicating that the branches were
'RNA. Their concusion vas that each Chrfstmas tre repre-
sented 2 gene undergoing transcription. The transcription
of each gene begins at the top of the ress thre,itle of the
DNA has been transcribed and the RNA branches are
short. As the transcription apparatus moves down e tree,
transeribing more of the template, the RNA molecuks
lengihen, procucing thelang branches a the bottom.
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Chrisunas-treeike structures. The trunk of each
“Chrstmas tree" @ transcription uniy represents a DNA
molecule; the ree branches (granular strings attached to
the DNA) are RNA molecules that have been transcribed
ffom the DNA. As the transcription apparatus moves
‘down the DNA, transcribing more of the template, the
RNA molecules become longer and longer. (. L Niler
B.R.Beaty 0. W FaweatyVisuals Unlimited)

‘The transcribed strand The template for RNA synthess,
as for DNA synthesis, s a singe strand of the DNA double
belix. Unlke replcation, however, transcription typically
takes place on only one of the two muckotide strands
of DNA (¢ Ficus: 13.4). The nuckotide strand wed for
transcription i termed the template strand. The other
strand, called the nontemplate strand, 5 not ordinarily
transcribed. Thus,in any one sction of DNA, only one of
the nuclotide strands normally carres the genetic informa-
tlon that i transcribed into RNA.(there are some excep-
tons to his rle)

‘Evidence thatonly one DNA strand serves 25 2 template
came from several experiments carred out by Julius

Nontemplate

srand | QYT romempa
ot sl arscred

101551 te growing WA, 50 waracrpton|
Frocestsna 5 ¥ dracion.

Templat stand

134 RNA molecules are synthesized that are complementary
and antiparallel to one of the two nucleofide strands of DNA,

the template strand.
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“The transcription unit A transcription it is asretch of
'DNA that codes for an RNA molecule and the sequencesnec-
essary for its transripton. In enkaryotes, as discused in
(Chapte 14,altenative RNA molecules can be produced rom
each transcription unit. How does the complx of enzymes
and protens tht performs transcription—the ranscription
apparatus—recognize 2 transeription unit? How does it
know which DNA strand to read, and where to start and
stop? This information is encoded by the DNA sequenc.

Included within 3 transcripton unit are thee critcal
regions: 2 promoter, an RNA coding sequence,and a termi-
nator (¢ “The promoter is a DNA sequence
that the transcription apparatus recognizes and binds. It
indicates which of the two DNA strands s o be read a the
template and the directon of transcripton. The promoter
a0 determines the transerption start site, the first
‘ucleotide that will be transcrbed into RNA. In most tran-
scription units, the promoter is located next to the tran-
scription star itebut i not, sl transcribed.

“The second critical region of the transcription unit is
the RNA-coding region, 2 sequence of DNA muclotides

Notemplate

Molecular Biotech

strand Promoter R coding region
N\ el ___y

HA®BERQ ® O w/m MO @ m- - R P

Sequence of nly one of the two strands s listed. Molecular
biologists typiclly writ the sequence of the nontemplate
strand, becanse it ill be the same a the sequence of the
RNA transcribed ffom the template (with the exception that
Ui RNA replaces Tin DNA). By convention, the sequence
on the nontemplate strand s writien with the 5' end on
the lef and the 3’ end on the right. The first nucleotide
transcribed (the transcription start site) is mumbered +15
‘ucleotides downstream of the sart site are assgned posi-
tive mumbers, and nucleotides upstream of the start site are
‘assigned negative numbers. So, ucleotide + 34 would be 34
‘ucleotides downstream of the sart site, whereas nucleotide
75 would be 75 nuclotides upstream of the st sie.

3

The Substrate for Transcrip
RNA is synthesized from _ribonucleoside tiphosphos-
phates (NTPs) (¢ In synthesi, mucleotides
arc added one at a time o the 3"-OH group of the growing,
RNA molecule. Two phosphates are cleaved from the

Upstream. Dounstream

H -3
om = = ¢
rempiste anscrption Terminator” Transchption

« A transcription unit includes  strand startsite termination site
2 promoter, an RNA-coding region,
and a terminator. RNA transcript 5 5.
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[} In bacterial RNA polymerase, the core
enzyne consists of four subunits: two copies of
alpha (a), a single copy of beta (8), and single copy.
of beta prime (8. The core enzyme catalyzes the
elongation of the RNA molecule by the addiion of RNA
nucleotides. @) The sigma fator () jois the core to
form the holoenzyme, which is capable of binding to

a promoter and iniiating transcripton. () The molecular
model shows RNA polymerase (shown in yellow) binding
DNA.

Eukaryotic RNA polymerases Eukaryotic cels pos-
sess thee disinct types of RNA polymerase, each of

Molecular Biotech
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Transcribes
RNA polymerase | Large rRNAs

RNA polymerase Il Pre-mRNA,some snRNAS, snoRNAS
RNA polymerase Il tRNAS, small FRNA, SnRNAS

Process of Bacterial Transcription
Now that wee consdered some ofthe major components
of ranscrption, were read to take 3 detatled ook 3t the

process. Transcription can be comveniently divided nto
three stages:

1. imitiation, in which the transcrption apparatus
assembles on the promoter and begins thesynthesis
of RNA:
elongation, inwhich RNA polymerase moves along the
'DNA, unwinding it and adding new mucleotides, oneat
‘atime, o the 3 end ofthe growing RNA strand; and
termination, the recogaiion of the endof the
transcription unitand the separation of the RNA
‘molecule fom the DNA template.

‘We will frst examine each of these steps in bacterial ces,
‘where the proces s best understood: then we will consider
enkaryoic ranscription.
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« Ribonucleoside triphosphates are
Substrates used in RNA synthesis.

incoming ribonucleoside triphosphat; the remaining phos-
‘phate particpates in 2 phosphodiester bond that connects
the nuceotide 1o the growing RNA molecule. The overall
chemicalreacton for the additio of cach mucleotide i

RNA, + INTP— RNA,., + P,

‘where PP, represents two atoms of inorganic phosphrus
‘Nucleotides are abways added to the 3" end of the RNA
‘molecule, and the direction of transcription is therefore
53 (¢ » the same as th direction of DNA
Synthesi during replcation. RNA s made complementary
and antiparalel to one of the DNA strands (the template
strand)
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Recall that, in replicaton. a mumber of differen e
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[} In transcription, nucleotides are always
2dded to the 3 end of the RNA molecule.

FRNA. Bacteril RNA polymerase is 3 large, multimeric
enzyme (meaning that it consists of several polypeptide
chains),

‘At the heart of bacterial RNA polymerase are four
subunits (individual polypeptide chains) that make up the
core enzyme: two copies of 2 subunit called alpha (), 2
g copy of bt (8, ndsinle copy of et prime (8)

“The core enzyme catalyzes the elonga-
o of the RNA el by e st of RNA s
cleotides. Other functional subunis join and leave the
core enzyme at particular stages of the transcription
process. The sigma () factor controls the binding of the
RNA polymerase to the promoter. Without sigma, RNA
‘polymerase will initate transcripion at a random point
along the DNA. After sigma has associated with the core
enzyme (forming 3 holocnzyme), RNA polymerase binds
stably only to the promoer region and Initates transcrip-
o at the proper start site. Sgma is required only for pro-
moter binding and initiaton: when 3 few RNA nucleotides
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RNA polymerase to the promoter. Without sigma, RNA
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Process is complex, and requires a number of protein com-
ponents. As we examine the stages of transcription, try to
keep all the detail in perspective; focus on understanding
how the details relate to the overall purpose of transcrip-
tion—the selective synthesis of an RNA molecule.

“This chapter begins with a brief review of RNA struc-
ture and a discussion of the different classes of RNA. We
then consider the major components required for tran-
scription. Finally, we explore the process of transcription in

molecules have the potential for tremendous variation in
function. With its two complementary strands forming a
helix, DNA is much more restricted in the range of scc-
ondary structures that it can assume, and it serves fewer
functional roles in the cell. Similarities and differences in
DNA and RNA structures are summarized in Table 13.1.
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