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DNA as the Template for RNA Synthesis

x Expression of the information in a gene generally involves
production of an RNA molecule transcribed from a DNA template.

x 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.

x RNA is thus suited to a variety of cellular functions.
x 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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x Many of the RNA molecules in bacteria and virtually all RNA
molecules in eukaryotes are processed to some degree after
synthesis.

x Some of the most interesting molecular events in RNA
metabolism occur during this postsynthetic processing.

x Intriguingly, several of the enzymes that catalyze these
reactions consist of RNA rather than protein.

x The discovery of these catalytic RNAs, or ribozymes, has
brought a revolution in thinking about RNA function and about
the origin of life.

x 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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nscription of Prokaryotes

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.

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

A Elongation phase: the RNA strand is continuously
growing.

A Termination phase: the RNA-pol stops synthesis
and the nascent RNA is separated from the DNA

template.
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TYPES OF RNA

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

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

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

A Messenger RNA (mMRNA), which carries the information
specifying the amino acid sequence of a protein to the
rilbosome. 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 mMRNA molecule for each of the
thousands of different proteins made by that cell.
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Bl A Heterogeneous nuclear RNA (hnRNA or pre-
8 MRNA), which is found only in the nucleus of

eukaryotic cells. It represents precursors of mMRNA,

formed during its posttranscriptional processing.

A Small 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.

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

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

= } Each transcriptable region is called operon.
A Template strand
A Coding strand

A Promoters
I Binding sites for RNA pol on template strand

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

I The promoter is the binding site for transcription factors and RNA
polymerase.

I Binding establishes where transcription begins, which strand of
DNA is used as the template, and in which direction transcription

—-35 region —10 region , RNA start site

TTGACA N7 TATAAT | N;g

Typical Prokaryote Promoter mRNA V\/\/\)

<
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RNA Polymerase

A The enzyme responsible for the RNA synthesis is
DNA-dependent RNA polymerase.

I The prokaryotic RNA polymerase is a multiple-subunit
protein of ~480kD.

I Eukaryotic systems have three kinds of RNA
polymerases, each of which is a multiple-subunit protein
and responsible for transcription of different RNAs.

I RNA 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

ey

A 5 subunits,

A Core enzyme
I 2 a subunits---hold enzyme together
I b--- links nucleotides together
I bG--binds templates
A s---recognition b i
A Holoenzyme= Core + sigma b
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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

Sense (+) strand
/ DNA coding strand
Non-template strand
5 0 ICAGCCGUGCAATGGCE3 o
3 GAGTCGAGCGACGQTACCE@

transcription DNA template strand

antisense (-) strand

RNA transcript
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Recognition and Initiation

x Binding establishes where transcription begins, which
strand of DNA is used as the template, and in which direction
transcription proceeds

x 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.

X 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 transcription i b u hdb | e

x 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.
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Mechanism of Transcription

The transcription bubble:

ASix or seven nucleotides of RNA behind the DNA hybrid are protected
from ribonuclease attack by binding to the enzyme.

ARNA polymerases lack a separate proofreading 3 45 éxonuclease
active site (such as that of many DNA polymerases), and the error rate
for transcription is higher than that for chromosomal DNA replication.

’«—13—15 nt —»‘*1?—19 m»‘

Nontemplate

strand 5 37
Template 37 5
strand

— Catalytic site

RNA polymerase
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5") CGCTATAGCGTTT (3" DNA nontemplate (coding) strand
(3") GCGATATCGCAAA(() DNA template strand

(5') CGCUAUAGCGUUU(3’) RNA transcript

o Negative Positive
\ supercoils supercoils

Direction of transcription 15

(e)
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ssmer-[ E=oe | s Holoenzyme
e B aCore+o

! .. = Closed (Promoter)
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2 Open binary complex
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g ﬁ\/a Promoter clearance
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Elongation

&\ The release of the s subunit causes
the conformational change of the
core enzyme. The core enzyme slides

on the DNA template toward the 3j
end.

A Free NTPs are added sequentially to
the 3j-OH of the nascent RNA strand.

(NMP), + NTP —— (NMP),.; + PPi

elongated
RNA strand substrate RNA strand



BIOCHEMISTRY Biochemistry, 4" Edition

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 s3)rand (560
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c. Termination

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

A The termination occurs in either r -dependent orr -
Independent manner.
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Mechanism of Transcription

_~RNA polymerase

NOMWDC r factori dependent termination:

— precognition
site

r binds to a site on the nascent transcript
\SQK”&&"“’ and unwinds the RNAi DNA duplex.

5
mRNA

polymerase
complex

RO, KOnce r reaches RNA polymerase, leads
@ to termination.

2
p moves toward
ATP 3' end, displacing
the DNA template
ADP + P, <— strand

NN AONING

mRNA
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he termination function of r factor

ERRERER [TTTETT]

RNA polymerase

Rho S €
protein /\
ATP ADP
+ +
H,0 P

Ther factor, a hexamer, is a ATPase and a helicase.
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x Specific sequences signal termination of RNA
synthesis.

X 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
called J (rho) and the other is } -independent.

X The transcriptional machinery in the nucleus of a
eukaryotic cell iIs much more complex than that in
bacteria.

X Eukaryotes have three RNA polymerases,
designated |, Il, and Ill, which are distinct complexes
but have certain subunits in common.

x Each polymerase has a specific function and is
recruited to a specific promoter sequence.
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r-independent termination

A The termination signal is a stretch of
30-40 nucleotides on the RNA
transcript, consisting of many GC
followed by a series of U.

A The 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

A 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 lll transcribes small RNA genes.

o Pol Il transcribes protein-encoding genes and a few
small RNA genes.

Table 29.2 Eukaryotic RNA polymerases

Type Location Cellular transcripts Effects of a-amanitin
I Nucleolus 18S, 5.8S, and 28S rRNA Insensitive
| Nucleoplasm mRNA precursors and snRNA  Strongly inhibited
il Nucleoplasm tRNA and 5S rRNA Inhibited by high concentrations
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Post-transcriptional Processing

A Bacterial transcripts undergo posttranscriptional
processing, involving both endonucleolytic and
exonucleolytic cleavage.
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x Many of the RNA molecules in bacteria and virtually all RNA
molecules in eukaryotes are processed to some degree after
synthesis.

x Some of the most interesting molecular events in RNA
metabolism occur during this postsynthetic processing.

x Intriguingly, several of the enzymes that catalyze these
reactions consist of RNA rather than protein.

x The discovery of these catalytic RNAs, or ribozymes, has
brought a revolution in thinking about RNA function and about the
origin of life.

x A newly synthesized RNA molecule is called a primary
transcript. Perhaps the most extensive processing of primary
transcripts occurs in eukaryotic mMRNAs and in tRNAs of both

bacteria and eukaryotes.

26
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Modification of hnRNA

Primary transcripts of mRNA are called as
neteronuclear RNA (hnRNA).

A hnRNA are larger than matured mRNA by
many folds.

A Modification includes
Capping at the 5j- end
Tailing at the 3j- end
MRNA splicing

.
:
:
I RNA edition
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Post-transcriptional Processing

Posttranscriptional processing in bacteria involves:

A Cleavage of the primary transcript.
Modification of bases (in tRNA synthesis).

Nontranscriptive nucleotide addition.

p ST S

Intron splicing (in a few cases).
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Capping at the 5f- end

Structure of a processed mMRNA
HDetails of the 506 cap region

Aviethyl groups that are added are in red.

- 5’ end of mRNA
N./‘
H N7 SN
7-Methylguanosine 5"-to-5'
triphosphate
bridge
The cap structure of mMRNA will be recognized by
the cap-binding protein required for translation. 1z
The capping occurs prior to the splicing o ;enﬁf J'

transcript
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b. Poly-A tailing at 3j - end

A There is no poly(dT) sequence on the DNA
template. Y The tailing process dose not depend
on the template.

A The tailing process occurs prior to the splicing.

A The tailing process takes place in the nuclei.
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c. mMRNA splicing

MRNA

oA
%

DNA

The matured mRNAS are much shorter than
the DNA templates.
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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

snRMNA

Pre-mRMNA
Structure of a small nuclear - g__%

Intron

RNA (SnRNA): Splice— - = -

_ site — (E__

Auman U1 RNA is shown, Exon B ——
together with the introni exon -
i

boundary region to which it
binds in forming the
spliceosome.

LI -
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Post-transcriptional Processing

5" Splice Site Branch Site 3’ Splice Site

Protein, Intron Exon | Intron | | Exon
Ovalbumin, intron 3 ---UCA ACAG- - -A- - -UGUAUUC UGUG

B globin, human, intron 1 -« «CGA UGGU-: - -A- - -CACCCUU GCUG

B globin, human, intron 2 ---CAG GAGU- - -A- - -CCUCCAC CUCC
Immunoglobulin I, L-VI ---UCA CAGC. - -A---UGUUUCG GGGC

Rat preproinsulin -+ -CAA AAGC: - -A- - -CCCUGGC UGGC
Consensus sequences” _A RAGY: - -A---YYYYY_
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Post-transcriptional Processing

A schematic view of the mechanism of mRNA splicing:
a) The overall process.

b) The first transesterification reaction.

“

o 4’ o Pfo
U1 recognition steQ Q A -O/ \O I} G
GG UGAGUA UACUUA UCC CAGC w w
E1 splwce site E2 spllce site . 1
Branch site S oo :C_//—*_E;\P \/\C} OH

~ _“I,_
Base pairing of f-""" O © o G
complementary sequences w
Up~ 0] %H
A7 .
yAGy A
-0 N
AUGA AC

Ok
- o] .
A7 "y o
A \P//
0" O o A s
/ ) o o o, G
Loop and splice
formation /
K Q. 0 (:]\ /p
E1 E2 N W,
® Gee 3 ( Dy P OH OH
Spliced message L g o d 0o c

AUGAGUG
(@) Looped intron (b)

W 0
3
+_/_\ Lariat w
CUAQUUL/UCC CAG? o O OH
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Post-transcriptional Processing

The overall process of splicing:

Y — A The pre-mRNA plus assorted snRNPs
s ——— s assemble and disassemble a spliceosome,
l° which carries out the splicing reaction.
5 I G AG I 3
) e A The snRNPs are designated U1, U2, and so
A 7N
@ /,x' AG I 3 . . .
‘ © A The spliceosome disassembles, releasing the
0 @ Ui ¢ ligated product (6) and the looped intron
| v ) A This is degraded into small oligonucleotides
AG 1, 1
! / o ATP

>/

\
\
' A
Intron i
) I
removed \\ ] ? U4 U2
Y AC E—
U4
5’ I 3 4— ve
Ligated product

mRNA
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X Not only mRNAs, rRNAs and tRNAs also modified
after their transcription.

37



