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×Expression of the information in a gene generally involves

production of an RNA molecule transcribed from a DNA template.

×However, unlike DNA, most RNAs carry out their functions as

single strands, strands that fold back on themselves and have the

potential for much greater structural diversity than DNA.

×RNA is thus suited to a variety of cellular functions.

×All RNA molecules except the RNA genomes of certain viruses

are derived from information permanently stored in DNA with a

mechanism called as transcription.
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×Many of the RNA molecules in bacteria and virtually all RNA

molecules in eukaryotes are processed to some degree after

synthesis.

×Some of the most interesting molecular events in RNA

metabolism occur during this postsynthetic processing.

×Intriguingly, several of the enzymes that catalyze these

reactions consist of RNA rather than protein.

×The discovery of these catalytic RNAs, or ribozymes, has

brought a revolution in thinking about RNA function and about

the origin of life.

×A newly synthesized RNA molecule is called a primary

transcript. Perhaps the most extensive processing of primary

transcripts occurs in eukaryotic mRNAs and in tRNAs of both

bacteria and eukaryotes.
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Transcription of Prokaryotes

Å Initiation phase: RNA-pol recognizes the promoter 
and starts the transcription.  

ÅElongation phase: the RNA strand is continuously 
growing.  

ÅTermination phase: the RNA-pol stops synthesis 
and the nascent RNA is separated from the DNA 
template.  

For any particular gene, only one strand of the DNA molecule, 

called the template strand, is copied by RNA polymerase. 

Because RNA polymerase moves in the 3' to 5' direction along 

the template strand of DNA, the RNA product is antiparallel 

and complementary to the template. 
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TYPES OF RNA

RNA molecules play a variety of roles in the cell. The major 
types of RNA are:

Å Ribosomal RNA (rRNA), which is the most abundant type of 
RNA in the cell. 

Å Transfer RNA (tRNA), which is the second most abundant 
type of RNA.

Å Messenger RNA (mRNA), which carries the information 
specifying the amino acid sequence of a protein to the 
ribosome. Messenger RNA is the only type of RNA that is 
translated. The mRNA population in a cell is very 
heterogeneous in size and base sequence, as the cell has 
essentially a different mRNA molecule for each of the 
thousands of different proteins made by that cell.
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ÅHeterogeneous nuclear RNA (hnRNA or pre-
mRNA), which is found only in the nucleus of 
eukaryotic cells. It represents precursors of mRNA, 
formed during its posttranscriptional processing.

ÅSmall nuclear RNA (snRNA), which is also only 
found in the nucleus of eukaryotes. One of its major 
functions is to participate in splicing (removal of 
introns) mRNA.

ÅMicro-RNA**: short, non-coding, at least some of 
which control the expression or repression of other 
genes during development. 

ÅRibozymes**, which are RNA molecules with 
enzymatic activity. They are found in both 
prokaryotes and eukaryotes.
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Recognition and Initiation

ÅEach transcriptable region is called operon.

ÅTemplate strand

ÅCoding strand

ÅPromoters
ïBinding sites for RNA pol on template strand

ï~40 bp of specific sequences with a specific order and 
distance between them.

ï The promoter is the binding site for transcription factors and RNA 

polymerase.

ï Binding establishes where transcription begins, which strand of 

DNA is used as the template, and in which direction transcription 

proceeds

Typical Prokaryote Promoter
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RNA Polymerase

Å The enzyme responsible for the RNA synthesis is 

DNA-dependent RNA polymerase.

ïThe prokaryotic RNA polymerase is a multiple-subunit 

protein of ~480kD. 

ïEukaryotic systems have three kinds of RNA 

polymerases, each of which is a multiple-subunit protein 

and responsible for transcription of different RNAs.

ïRNA polymerase recognizes start signals (promoters) and 

stop signals (terminators) for each of the thousands of 

transcription units in the genome of an organism. 
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RNA Polymerase

Å5 subunits, 

ÅCore enzyme

ï2 asubunits---hold enzyme together

ïb--- links nucleotides together

ïbô---binds templates

Ås---recognition

ÅHoloenzyme= Core + sigma
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RNA polymerase locates genes in DNA by searching 

for promoter regions. 

The promoter is the binding site for transcription 

factors and RNA polymerase.

Binding establishes where transcription begins, 

which strand of DNA is used as the template, and 

in which direction transcription proceeds.

Newly synthesized RNA remain attached to the DNA

until the end of the transcription.
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Template and Coding Strands

5ôïTCAGCTCGCTGCTAATGGCCï3ô

3ôïAGTCGAGCGACGATTACCGGï5ô

5ôïUCAGCUCGCUGCUAAUGGCCï3ô

Sense (+) strand

DNA coding strand

Non-template strand

DNA template strand

antisense (-) strand

RNA transcript

transcription
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×Binding establishes where transcription begins, which

strand of DNA is used as the template, and in which direction

transcription proceeds

×During the elongation phase of transcription, the growing end of

the new RNA strand base-pairs temporarily with the DNA template

to form a short hybrid RNA-DNA double helix.

×To enable RNA polymerase to synthesize an RNA strand

complementary to one of the DNA strands, the DNA duplex must

unwind over a short distance, forming a transcriptionñbubble.ò

×The strand that serves as template for RNA synthesis is called

the template strand and the DNA strand complementary to the

template called as the nontemplate strand, or coding strand

Newly synthesized RNA remain attached to the DNA

until the end of the transcription.

Recognition and Initiation
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Mechanism of Transcription
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The transcription bubble: 

ÅSix or seven nucleotides of RNA behind the DNA hybrid are protected 

from ribonuclease attack by binding to the enzyme. 

ÅRNA polymerases lack a separate proofreading3ôĄ5ôexonuclease 

active site (such as that of many DNA polymerases), and the error rate 

for transcription is higher than that for chromosomal DNA replication.

Biochemistry, 4th Edition
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b. Elongation

ÅThe release of the ssubunit causes 
the conformational change of the 
core enzyme. The core enzyme slides
on the DNA template toward the 3¡
end.  

ÅFree NTPs are added sequentially to 
the 3¡-OH of the nascent RNA strand.   

(NMP)n  +  NTP           (NMP)n+1  +  PPi

RNA strand substrate
elongated 

RNA strand
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RNA polymerase moves along the template strand in the 3' to 5' 

direction as it synthesizes the RNA product in the 5' to 3' direction 

using NTPs (ATP, GTP, CTP, UTP) as substrates. 

The RNA product is complementary and antiparallel to the template 

strand.

The coding (non-template) strand is not used during transcription. It 

is identical in sequence to the RNA molecule, except that RNA 

contains uracil instead of the thymine found in DNA.

By convention, the base sequence of a gene is given from the 

coding strand (5ó-3').
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c. Termination

Å The RNA-pol stops moving on the DNA template.  
The RNA transcript falls off from the transcription 
complex. 

Å The termination occurs in either r-dependent or r-
independent manner.
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Mechanism of Transcription
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rfactorïdependent termination: 

r binds to a site on the nascent transcript 

and unwinds the RNAïDNA duplex. 

ÅOnce r reaches RNA polymerase, leads 

to termination.
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The termination function of rfactor

The rfactor, a hexamer, is a ATPase and a helicase. 
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×Specific sequences signal termination of RNA

synthesis.

×The process of termination is not yet well understood

in eukaryotes, in E. coli has at least two classes of

termination signals: one class relies on a protein factor

calledɟ(rho) and the other isɟ-independent.

×The transcriptional machinery in the nucleus of a

eukaryotic cell is much more complex than that in

bacteria.

×Eukaryotes have three RNA polymerases,

designated I, II, and III, which are distinct complexes

but have certain subunits in common.

×Each polymerase has a specific function and is

recruited to a specific promoter sequence.
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r-independent termination

ÅThe termination signal is a stretch of 

30-40 nucleotides on the RNA 

transcript, consisting of many GC

followed by a series of U.  

ÅThe sequence specificity of this

nascent RNA transcript will form 

particular stem-loop structures to 

terminate the transcription.
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Transcription and its Control in Eukaryotic Cells
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Å Eukaryotes have three kinds of nuclear RNA polymerases, 

each requiring additional protein factors to initiate 

transcription.

o Pol I transcribes the major ribosomal RNA genes.

o Pol III transcribes small RNA genes. 

o Pol II transcribes protein-encoding genes and a few 

small RNA genes.
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Post-transcriptional Processing
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Å Bacterial transcripts undergo posttranscriptional 

processing, involving both endonucleolytic and 

exonucleolytic cleavage.
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×Many of the RNA molecules in bacteria and virtually all RNA

molecules in eukaryotes are processed to some degree after

synthesis.

×Some of the most interesting molecular events in RNA

metabolism occur during this postsynthetic processing.

×Intriguingly, several of the enzymes that catalyze these

reactions consist of RNA rather than protein.

×The discovery of these catalytic RNAs, or ribozymes, has

brought a revolution in thinking about RNA function and about the

origin of life.

×A newly synthesized RNA molecule is called a primary

transcript. Perhaps the most extensive processing of primary

transcripts occurs in eukaryotic mRNAs and in tRNAs of both

bacteria and eukaryotes.

26
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ÅPrimary transcripts of mRNA are called as 

heteronuclear RNA (hnRNA).  

ÅhnRNA are larger than matured mRNA by 

many folds.  

ÅModification includes 

ïCapping at the 5¡- end  

ïTailing at the 3¡- end

ïmRNA splicing

ïRNA edition  

Modification of hnRNA 
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Post-transcriptional Processing

Copyright É 2013 Pearson Canada Inc. 27 - 28

Posttranscriptional processing in bacteria involves:

Å Cleavage of the primary transcript.

Å Modification of bases (in tRNA synthesis).

Å Nontranscriptive nucleotide addition.

Å Intron splicing (in a few cases).
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Capping at the 5¡- end
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Structure of a processed mRNA 5ô end: 

ÅDetails of the 5ô cap region are shown.

ÅMethyl groups that are added are in red.

The cap structure of mRNA will be recognized by 

the cap-binding protein required for translation. 

The capping occurs prior to the splicing
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b. Poly-A tailing at 3¡- end

ÅThere is no poly(dT) sequence on the DNA 

template. Ý The tailing process dose not depend 

on the template.  

ÅThe tailing process occurs prior to the splicing.

ÅThe tailing process takes place in the nuclei.  
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The matured mRNAs are much shorter than  

the DNA templates.  

DNA

mRNA

c. mRNA splicing
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Introns are removed from hnRNA by splicing, accomplished by 
spliceosomes (also known as an snRNP)which are great
complexes of snRNA (small nuclear RNA) and protein. The 
hnRNA molecule is cut at splice sites at the 5' (donor) and 3' 
(acceptor) ends of the intron. 

- The intron is excised in the form of a lariat structure and 
degraded. Neighboring exons are joined together to 
assemble the coding region of the mature mRNA
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Post-transcriptional Processing
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Structure of a small nuclear 

RNA (snRNA): 

ÅHuman U1 RNA is shown, 

together with the intronïexon 

boundary region to which it 

binds in forming the 

spliceosome.
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Post-transcriptional Processing
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Post-transcriptional Processing
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A schematic view of the mechanism of mRNA splicing: 

a) The overall process. 

b) The first transesterification reaction. 
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Post-transcriptional Processing
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The overall process of splicing: 

Å The pre-mRNA plus assorted snRNPs

assemble and disassemble a spliceosome, 

which carries out the splicing reaction. 

Å The snRNPs are designated U1, U2, and so 

on. 

Å The spliceosome disassembles, releasing the 

ligated product (6) and the looped intron

Å This is degraded into small oligonucleotides
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×Not only mRNAs, rRNAs and tRNAs also modified

after their transcription.

37
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Modification of rRNA

Å45S transcript in nucleus is the precursor of 3 

kinds of rRNAs. 

ÅThe matured rRNA will be assembled with 

ribosomal proteins to form ribosomes that are 

exported to cytosolic space. 
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×Most cells contains 40 - 50 different tRNAs.

×They generally synthesize as longer RNA chains and

modified after their transcription. 

39

Biochemistry, 4th Edition×Retroviruses contains RNA as genetic material. 

40
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×Retroviruses contains RNA as genetic material. 

41
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×Proteins are the end products of most information pathways. A typical

cell requires thousands of different proteins at any given moment.

×These must be synthesized in response to the cellôscurrent needs,

transported (targeted) to their appropriate cellular locations, and

degraded when no longer needed.

×A codon is a triplet of nucleotides that codes for a specific amino

acid. Translation occurs in such a way that these nucleotide triplets are

read in a successive, nonoverlapping fashion.

×Several codons serve special functions.

×The initiation codon AUG is the most common signal for the

beginning of a polypeptide in all cells, in addition to coding for Met

residues in internal positions of polypeptides.

×The termination codons (UAA, UAG, and UGA), also called stop

codons or nonsense codons, normally signal the end of polypeptide

synthesis and do not code for any known amino acids.

42
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×When several different codons specify one amino acid, the

difference between them usually lies at the third base

position (at the 3ôend).

×For example, alanine is coded by the triplets GCU, GCC, GCA,

and GCG.

×Transfer RNAs base-pair with mRNA codons at a three-base

sequence on the tRNA called the anticodon.

×Some tRNAs recognise more than one codons.

×Third base of this codon (wobble) make weak hydrogen bonds
44
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×As we have seen for DNA and RNA, the synthesis of polymeric

biomolecules can be considered in terms of initiation, elongation, and

termination stages.

×Protein biosynthesis takes place in five stages:

×Stage 1: Activation of Amino Acids For the synthesis of a polypeptide

with a defined sequence, two fundamental chemical requirements must be

met: (1) the carboxyl group of each amino acid must be activated to

facilitate formation of a peptide bond, and (2) a link must be established

between each new amino acid and the information in the mRNA that

encodes it.

×Both these requirements are met by attaching the amino acid to a tRNA

in the first stage of protein synthesis.

×Stage 2: Initiation The mRNA bearing the code for the polypeptide to be

made binds to the smaller of two ribosomal subunits and to the initiating

aminoacyl-tRNA. The large ribosomal subunit then binds to form an

initiation complex.

46
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×Stage 3: Elongation The nascent polypeptide is lengthened by

covalent attachment of successive amino acid units, each carried

to the ribosome and correctly positioned by its tRNA, which base-

pairs to its corresponding codon in the mRNA.

×Stage 4: Termination and Release Completion of the

polypeptide chain is signaled by a termination codon in the mRNA.

The new polypeptide is released from the ribosome, aided by

proteins called release factors.

×Stage 5: Folding and Posttranslational Modification In order

to achieve its biologically active form, the new polypeptide must

fold into its proper three-dimensional conformation.

×Before or after folding, the new polypeptide may undergo

enzymatic processing, including removal of one or more amino

acids (usually from the amino terminus); addition of acetyl,

phosphoryl, methyl, carboxyl, or other groups to certain amino acid

residues; proteolytic cleavage; and/or attachment of

oligosaccharides or prosthetic groups. 48
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ÅRibozosomes are formed from two unists
as large . These two subunits come close
to each other forming enough space for m-
RNA.

Biochemistry, 4th Edition

Biochemistry, 4th Edition

51
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×In prokaryotes transcription and translation occurs at the same

time. 
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Posttranslational modificatios

×In the final stage of protein synthesis, the nascent

polypeptide chain is folded and processed into its biologically

active form

ü1) Amino-Terminal and Carboxyl-Terminal 

Modifications

ü2) Loss of Signal Sequences

ü3) Modification of Individual Amino Acids

ü4) Attachment of Carbohydrate Side Chains

ü5) Addition of Isoprenyl Groups

ü6) Addition of Prosthetic Groups

ü7) Proteolytic Processing

ü8) Formation of Disulfide Cross-Links
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× Amino-Terminal and Carboxyl-Terminal Modifications

× The first residue inserted in all polypeptides is N-

formylmethionine (in bacteria) or methionine (in eukaryotes).

× However, the formyl group, the amino-terminal Met residue,

and often additional amino-terminal (and, in some cases,

carboxyl-terminal) residues may be removed enzymatically

in formation of the final functional protein.

× In as many as 50% of eukaryotic proteins, the amino group

of the amino-terminal residue is N-acetylated after

translation.

× Carboxyl-terminal residues are also sometimes modified

Biochemistry, 4th Edition

×Loss of Signal Sequences The 15 to 30 residues

at the amino-terminal end of some proteins play a

role in directing the protein to its ultimate destination

in the cell. Such signal sequences are ultimately

removed by specific peptidases.

×Modification of Individual Amino Acids The

hydroxyl groups of certain Ser, Thr, and Tyr residues

of some proteins are enzymatically phosphorylated

by ATP the phosphate groups add negative charges

to these polypeptides.

×The functional significance of this modification

varies from one protein to the next. For example, the

milk protein casein has many phosphoserine groups

that bind Calcium
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×Attachment of Carbohydrate Side Chains The carbohydrate

side chains of glycoproteins are attached covalently during or

after synthesis of the polypeptide.

×In some glycoproteins, the carbohydrate side chain is

attached enzymatically to Asn residues (N-linked

oligosaccharides), in others to Ser or Thr residues (O-linked

oligosaccharides).

×Many proteins that function extracellularly, as well as the

lubricating proteoglycans that coat mucous membranes, contain

oligosaccharide side chains.

×Addition of Isoprenyl Groups A number of eukaryotic

proteins are modified by the addition of groups derived from

isoprene (isoprenyl groups). A thioether bond is formed between

the isoprenyl group and a Cys residue of the protein.
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×Addition of Prosthetic Groups Many prokaryotic and eukaryotic proteins

require for their activity covalently bound prosthetic groups. Two examples are the

biotinmolecule of acetyl-CoA carboxylase and the heme group of hemoglobin or

cytochrome c.

×Proteolytic Processing Many proteins are initially synthesized as large, inactive

precursor polypeptides that are proteolytically trimmed to form their smaller, active

forms. Examples include proinsulin, some viral proteins, and proteases such as

chymotrypsinogen and trypsinogen

×Formation of Disulfide Cross-Links After folding into their native

conformations, some proteins form intrachain or interchain disulfide bridges

between Cys residues. In eukaryotes, disulfide bonds are common in proteins to be

exported from cells.


