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DNA REPLICATION

A replication is the formation of two identical copies
-mone DNA molecule. Every time a cell divides, it needs

L/1LL

-~ arrv out DNA replication prior to cell division. DNA
elication occurs during S-phase of the cell cycle when
~romatin remains in extended form. E
emiconservative Method of Replication

S s T

stcording to Watson and Crick (1953), during
“Plication, the " weak hydrogen bonds between the
“rogenous bases of nucleotides separate and the two
““"nucleotide chains of DNA uncoil and separate.
- "tause of the specificity of base pairing, each nucleotide
“““parated chains attracts its complementary nucleotide
M the cel] cytoplasm. Once the nucleotides are attached
o heir hydrogen bonds, their sugar radicals unite
m:;ugh their phosphate components, completing the

“Hon of a new polynucleotide chain.
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Fig. 11.12 Diagram showing
DNA replication




Thus, each polynucleotide strand of the double helix of DNA serves as a tem

its complementary strand is built in 5" — 3" direction.
This method of DNA replication is described as semiconservative method. Each daughte
r

DNA molecule is a hybrid conserving one parental polynucleotide chain and sznthesising th
other one. i :

plate on Whlch

Exgerimental Proof for Semiconservative Replication of DNA
- Meselson and Stahl's Experiment on Escherichia coli
DNA replication is semiconservative was demonstrated by Meselson and Stahl (195g)

I~

in

Escherichia coli.
\)./Ec. coli bacteria were grown in a culture medium cOntain'mg@isotopes of nitrogen using
"NH,CI. This produced a population of E. coli with both the strands of their DNy
containing *N. They represented the parental generation and their DNA with N in bot

\/he strands was the heaviest.

. These bacteria with '°N were transferred in cultural medium containing N and allowed
to multiply only for one generation. The DNA from these first generation of bacteria which
was isolated after about 20 minutes was found to be hybrid having one strand heavier (with
>N and the other lighter (with N). The heavier strand represents the parental strand and

ighter one is the new one indicating semiconservative method of DNA replication.

. DNA extracted from this culture after 40 minutes, represented the second generation of
DNA. It had equal amounts of hybrid DNA (®N-N) and normal light DNA (*N-N),
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Fig. 11.13 Meselson and Stahl's experiment to demonstrate semiconservative replication of
DNA. In the first replication, the daughter DNA molecules are lighter than parental strands
and on second replication two bands are formed, one showing light DNA and other

band showi | o
k _ 7~~a_r»1_ms‘3wmg hybrid DNA ,




NA was extracted from E. colj cells

. D - i
J/(\hen tion and only 25% DNA molecules w s oren (loyinuies, F belomped o0 thitsg

a ~ .
5‘??2{31 DNA molecules with “N-MN as hybrid ('*’N-"N), the remaining 75% was
no ;
/ .
/ ; . of “N. . - . ) '
(-‘N is hezv;i;rlnSOS?\lp:_with 14I\'lt (l)snlr;(o:)f‘\ :i\\gl%aacst:ve |sotope. The heavy DNA molecules with '°N are
" sepairg;e(CSCI) density gradient. S of their densities by centrifugation in a Cesium
chlof
Loss of Replication of DNA
proz=———

i A replication i
he PT cess of DN P S mVOlVG? a number of steps. Each step is governed by a specific
th vore than a dozen enzymes and protein f \ iy P

-me. | actors control DNA replication. These are:

onz} :on of Deoxyribonucleoti
¢, activat1io! ides: The deoxyribonucleosi p
¥ ¢ : y eoside monophosphates (AMP,
7, CMP, TMP) occur 1n t.he nucleoplasm. These are activated into triphosglﬁegs’(TATP GTP
G 4 TIP) by uniting with ATP. The process is kn : el 3 , 4
P an Tt L P ss is known as phosphorylation and is catalysed
* e enzyme shosphorylase. -~ ’
:\ f,,_\f?.:?,;-v, - 1F3 5 3 5 . o

- pecognition of Initiation Point: DNA replication is initiated at a defined sequence of

nudeotides, Cf}ll_@d initiation point or origin of replication (pri G),Jhis consists of a specific

;equ;gg_tgfgo_oﬁg more base pairs. Specific initiator protein DnaA recognises the
~ation point and binds to it. = " ‘

n viruses and_bacteria, there is only one origin of replication, where replication begins. Since
pacterial and viral chromosomes are circular and small, replication ends at the same point where
+ started. Thus, complete molecule of circular DNA is one unit of replication. It is called a replicon.
4s the unwinding of DNA moves ahead of origin of replication, coiling tension develops on the
separated strands. A number of single-stranded binding proteins (SSB) get attached and prevent

the renaturation of separated strands and stabilise them.

. of DNA and Exposure of Bases of Parent DNA Strands: Initiator protein

J. UNWIiIIULILg

DnaA binds to origin of-rqﬂic_____a’tjgr};and denatures DNA. This process requires ATP and the
bacterial histone-Iike protein (HU). Two hexamers of Jielicase enzyme then bind to each strand
of unwounded DNA close to,DnaA. Protein DnaB along with’ DnaC unwind DNA bidirectionally
and create two potential replication forks. DNA unwinding creates tension on the two strands.
This is released '‘by_ enz)rmi‘t_gﬁofisomerase—l and DNA molecule uncoils or unwinds.
lopoisomerase-IT causes recoiling of DNA. Tn bicteria, fopoisomerase is called DNA gyrascy

The two strands of DNA start separating by the bre

akdown of hydrogen bonds between the
paired nucleotides exposing their nitrogenous bases, so that each can serves as a template for
e synthesis of a new strand.

. In eukaryotes, the DNA molecules are large and cannot be separated along its entire length.
hey have several origins of replication and an equal number of replicons (.perhaps over a
. usand). During replication, each origin of replication is marked as replication fork due to
PPﬂearanCe of a fork on either side of origin of replication.

* Formation of RNA Primer or Priming; The DNA-directed RNA polymerase synthesises a

:Eﬁffd“ strand of RNA called RNA P'_'i!l‘,CW‘- This en?'u‘\% 1\ al:o
v&’; This RNA primer is a short strand' of A ormed on DNA femp Cltt.l ;:2:“2
€ o “YNA polymerase cannot initiate synthesis of new DNA strand but' 1t'c:a§h;\3’0‘) DECSE
r,-'”% c,‘jYVth of DNA chain on ,RNA'\primer. [t consists of about 10-60 pucleohdea. e enzymes
» \ﬁnd DNA helicase together form |)Arix‘noaum5‘, )
Phoger Al of Complementary

riph ¢ Pairing or Assembl
Osphates pair with the appropriate nitrogenous bases of templ

to b
as G

€

Strands: Deoxyribonucleoside
ate DNA strands according

r



\)./Conversion of Deoxyribonucleoside Triphosphates to M(’“Ophog
e - . T q . SPh;
deoxyribonucleoside triphosphate molecules on pairing with the nitrogenous aSeshd B o
strand, set free pyrophosphate (P~P) molecules and change into deOXyribOnucleof te“‘p!m
enz pyrophosphatas olyses the pyri 5 5 1 ' ' Oti, "
, ymepyrophosphatasq hydrolyses the pyrophosphates into inorganic PhOSPhate : e
and releases energy. BToup h
nergy Tele

V?ﬂbrmatinn of New DNA Chains on RNA Primers (Polymerisation): TK
: I e TN : ee
€ Pro..

is utilised in joining the adjacent nucleotides to form the pilynucleotide chain. Ty,
catalysed by the enzyme DNA polymierase-I11 along with Mn"™ and Mg** jong. Oces;
The new strands of DNA are formed in the 5°—3" direction on 3°—5’ template e
theyad\d_monv of deoxyribonucleotides to the 3” end of primer RNA. The additiop, e a}\A b
by DNA polymerase-11II in presence of ATP. Once the synthesis of DNA strand b, fectg«_

initiated, it proceeds continuously, keeping pace with the unwinding of DNA at the Te ].S &
fork. P lcah‘ﬂ:

Leading and Lagging Strands of DNA

DN] Txr APTAQ . . - . . s, ’ . »
DNA polymerase can polymerise the deoxyribonucleotides in the 5" — 3 direction, i fro

T

carbon 5" end to carbon 3" end of the sugar molecules. Because the two DNA strands ,

antiparallel and the new strands — ) e,
must be formed on the old A >
(parent) strands. The replication DAUGHTER DUPLEX S RNA PRIVER
of 3> 5" strand on 5 — 3’ ' REPLICATION FORK
strand_ occurs differently and.is —— “~—— LEADING STRAND
called Jagging strand synthesis. DUPLEX 5 OF DNA

%eading Strand Synthesis: > ™ 5
It occurs in 5 — 3~ direction ’ 5 SHERT RNAFFAIMER
using 3" — 5" strand of parental h , ‘\/ OKAZAKI FRAGMENT

T . [ N /
DNA as template. .The leading _ DIRECTIGNGE \ LAGGING STRAND OF DNA
strand is synthesised as one O CoRi HEVERENT POINT OF JOINING
piece. The process allows rapid | / :
synthesis with about 1,000 |- . ,-3 | R
i dded per second to - _ _ | @ 5 -

nucleotides a d P . Fig. 11.14 Diagrammatic representation of semidiscontinuous
each new strand. ‘ replication of DNA synthesis of leading strand on 3’ =5

%Laggil‘;g Strand Synthesis: template and of lagging strand on 5" — 3° template strand

Lagging strand is also

synthesised in 5" — 3" direction but on 5" — 3" strand of DNA in short segments of 1,000 to 30}}
nucleotides. These segments are called Okazaki fragments. This was discovered by k¢

Ukazaki and colleagues. Synthesis of each Okazaki fragment begins with RNA

primt‘r

o : : : thess
synthesised by primase and is carried out by polymerasc-111 as in leading strand. The b'mt}";wr
of lagging strand of DNA is discontinuous and needs one pelumcrase-111 and one RNA pr

for each Okazaki fragment. It involves following two additional steps:

\%‘zi;’ccisi on of RNA Primers: Once a small segment of an Okazaki fragment is fo
nucleotides of RNA primer are removed from the 5° end by the action of 5°-3" ex¢

idues
e jo!

/Ciiviiy of DNA polymerase-I and are replaced with DNA nucleotides. al

b) Joining of Okazaki Fragments: The gaps left between Okazaki fragments by th
of RNA primer are filled with complementary deoxyribonucleotide res

DNA polymerase-1. Finally, the adjacent 3" and 5 ends of Okazaki fragments ar
by DNA ligase. '

rmed !
ynucled

he

1Y

by
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\JABLE 11.5 Differences between Leading and Lagging Strands of Replicating DNA

// Leading Strand S ———

Lagging Strand
g continuously as a single piece.

| grow 1. It is formed initially as short segments called
g 13 T v — Okazaki fragments and is discontinuous.
it r,eedS a sing y™ e 2. Each segment needs a separate RNA primer
4 arowth- i TNA Hiosss Tai I to start.
<3 e i or its gr . .
. It does mot neowth s B° s 3" growth. 3. DNA ligase is needed to join Okazaki fragments.
” pirection of gr : 4. Dfrectio‘n of growth of the complete strand is
4 3 — 5°, but each Okazaki fragment grows
3 5 strand In 5" — 3 direction.
g IS formed f’” ‘ : S. The template DNA strand is formed on 5" —» 3°
; i Qrows rr"j‘_rp_'d'y‘ 6. Its growth is slow.

»

.~ or Proofreading and DNA Repairs

:‘~e Spedﬁcity of ba.se pairing ensures accurate replicati 1t, sometimes, wrong bases do
:-:*er in the new chain durmg 1ts synthesis.|DNA polymerase-I nzyme identifies and replaces

" forbidden base.pairs with correct nitrogenous base pairs. This is called proofreading

sk

“ity of RNA polymerase enzyme.
" ren the forbidden base pairs introduced in DNA helix d

L

ue to mutation are identified and
- _.qoved by enzymes called .endonucleases and exonucleas ) )

es.
Inspite of proofrea.ding and editing, some errors do creep in. But their frequency is very low—
out less than one in a billion nucleotides is added in the growing chains.

sm?discontinuous'_Replication of DNA
DNA replication is said to be semidiscontinuous because the leading strand is synthesised

continuously on 3” — 57 strand and the lagging strand is formed discontinuously on 5° — 3" strand
n short pieces that are called Okazaki fragments. These join to form a complete 3° — 5° strand.

Unidirectional and Bidirectional DNA Replication

ohn Czirns (1963) found that DNA replication in a DNA starts at one point and proceeds in
me direction. This is called unidirectional DNA replication. However, in eukaryotes and many
pokaryotes, DN A replicatio? occurs in both directions from the origin of replication. Therefore,
nthem two replication forks are formed at each origin of replication. This is called bidirectional

"r‘l' g2
d Catinm
tplcation




TRANSCRIPTION OF RNA

Q)N:\ transcription is defined as the process of copying, the genetic message coded in DNA ipy,,
MRNA molecule. The transcribed RNA moves out of the nucleus to the ribosomes in i,
cvtoplasm to direct protein synthesis. » i

Necessity of Transcription

DNA contains information for the synthesis of cell's specific proteins. DNA is located in the
nucleoid (in prokaryotes) or nucleus (in eukaryotes) while protein synthesis occurs in the
cvtoplasm. DNA does not move to the site of protein synthesis (ribosomes) to directly guide the
process. Instead, it transfers its information to single-stranded mRNA molecules which move to

the ribosomes to direct protein synthesis. The process of formation of RNA from the DNA
template is called transcription.

e —————— ——
R

W

ite and Time of Occurrence of Transcription

Transcription occurs in the nucleus during G; and G, phases of cell cycle during interphase.
DNA has promoter and terminater sites, Transcription starts at the promoter site and stops at
the terminater site. Only one of the two strands of DNA duplex is transcribed. Since RNA is
synthesised in 5" — 3" direction, it is transcribed only on DNA strand having 3~ — 5" polarity.
The 3" — 5" DNA strand (from which RNA is transcribed) is called template strand or antisense
Srand or noncoding strand. Its complementary strand having polarity 5~ — 37 is called

“antitemplate strand or sense strand or coding strand. The coding DNA strand has the same
sequence of nitrogenous bases as the RNA transcript except that in RNA T is substituted by U.
It has the same polarity: 5° — 3 as the RNA transcript.

i :

G s [ A s A S S A A ) A e s e e e B B
ATGCATGCATGCATGCATGC CATGTG CATG T strandof DNA
TACGTACGTACGTACGTACGTACGTAC A Coding strand

e T N N O O T S M Y S ey, YY)
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o sequence of bases in RNA transcribed from template strand of above DNA will be:
Th cGUACGUACGUACGU\

) CGUACGUACA RNA
g AL L P T T T T 0 T s Transcript
§ oW N

/nscripﬁon Wpk
e sement of DNA template strand which transcribes RNA is calle

i d transcription unit. It
prises three reglons: promoter, structural gene and terminater,

oromoter Region: Promoter region is located
L

“ural gene towards the 5" end of coding s
S s site for the binding of [RNA polymerase

P he differentiation of template and coding s
mn

just upstream of the initiation codon of the
d. The promoter sequence of nitrogenous bases
for the initiation of transcription. It also helps
. trands of DNA. The functional sequences in
_omoter region are called consensus sequences. These functional sequences are variants of
ZfTATAA—B and are C?“?dfliATA bog<. It is known as Pribnow box (after its discoverer David
5 hnow) in prokaryotes and Goldberg Hogness box in eukaryotes. - '

Aro\'id
| 4

CODING STRAND 7~ \—
Fig. 11.22 Structure of Transcription Unit

5 :
TRANSCRIPTION STARTING SITE ° - ?
. - : 1
PROMOTER : TERMINATOR :
~ - STRUCTURAL GENE | TEMPLATE STRAND N [ & X
3 * ‘ : >
,
5 \ J . / - i
,l

>

-

2 Terminator Region: Terminator region is located downstream, i.e., towards 3~ end of the
nontemplate or coding strand. It defines the end of the transcription of structure gene. The
termination sites have two or more stretches ofairs arranged as inverted repeats followed
by a string of adenine (poly A).— '

j/Sf:rutture Gene (Transcription Unit and Gene): Structure gene is the functional unit of
iheritance. It is a segment of DNA with specific sequence of nucleotides which codes for a
protein or polypeptide needed for morphological or functional trait of the cell. Benzer (1955) used
the term cistron for such a functional segment of DNA. Therefore, according to this modern
“ncept, a gene is considered a unit of function (cistron), a unit of recombination (recon), a unit
f mutation (g fon) or a unit of regulation (operon). — T

The strucrare genes or cistrons are of two types:

(7 Polycistronic Genes: The genes that transcribe mRNA which codes for more than one tvpe
of polypeptide chains are called polycistronic genes and RNA as polycistronic mRNA.
€se are found only in prokaryotes.
onocistronic Genes: These genes transcribe mRNAs which code only for one
Polypeptide. Such monocistronic genes and monocistronic mRNA are found in eukaryotes.
IS t Geneg T
Ne ; : s
mé%lkary ofes, the message coded in cistrons is discontinuous or interrupted. It is split into several
intelrng Unitg separated by noncoding base sequences. The coding units are Ca\ilefi exons,
ing :}L;nmg DNA segments as introns and such genes as interrupted or split genes by Roberts
Dy, P (1993y; The processed or mature RNA contains only the copies of exon sequences. The
Pre, dusequences are spliced out during RNA processing. Thus transcription of an interrupted gene

afe. the Primary transcript RNA or premessenger RNA or/heterogeneous RNA hnRNA)
Mthful copy of the interrupted gene. The functional RNA is formed by the removal of introng




(-)l |lllwle\l(-(| |).\'«..¢- sequences and the rejoining, of ite erons or kg bz U AR, This Procey, -
(t’”("l l({)/\ ',I,fh',',’,‘) p e

echanism of Transcription in Prokaryotic Cells

“Ihe mechanism of transcription involves following steps:
\/*./'i’\l tivation of Ribonudleotides: The ribonucleotides present in the nucieo;;{zsr:
converted to active triphosphates by phosphorylation, ATV provides energy for pr PPOTY a8

L

y . , . P ‘A enoraco o Promokas :

7 Recognition of Promoter Region and Binding of RNA Polymerase to Promoter Re.
7

W

e

i

\
e
»

[N ¢ - . 4 L b 1 o
DAL Onoa signal from the cytoplasm, the histones associated with the DNA double heliy 5,

S

the gene to be transcribed are removed, exposing the base sequence in this region of DNA T,
sigma factor of RNA polymerase enzZyme recognises the concensus sequence in the prom,

O
3

A

~fe
e T ——— : o v X
region and enzyme RNA polymerase binds to the promoter in the template strand of thz
Houbte ‘hnﬁx)“”“" N S o o o ‘

T

. Lxposure of DNA Bases and Initiation of Transcription: RNA polymerase causes locz
unwinding and separation of two strands of DNA. The separation begins from the middle
Pribnow box and produces a transcription bubblé) The separation of strands exposes the bas
of DNA for initiation of transcription. The 3 — 5" strand of DNA functions as template.

\4/f/1( Pairing: The ribonucleotide triphosphate molecules, i.e., adenosine triphosphate
(ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP) and uridine triphosphate
(UTP) start binding to the nucleotides of template strand of DNA from the initiation point onward
according to base pairing rule of Watson and Crick. This is brought about by RNA polymeras
Thus, enzyme RN/ polynierase not only. initiates but also causes polymerisation, i.e., elongation
of polynucleotide chain in 5" — 3" direction. & #w RN A

3. Conversion of Ribonucleotide Triphosphates to Ribonucleoside Monophosphate: The

—_—

— —— e e

various ribonucleoside triphosphates, on linking to the DNA template chain, break off their high-
energy bonds. This changes them to ribonucleoside monophosphate and pyrophosphate groups
(P~P) are set free. Pyrophosphate undergoes hydrolysis by the enzyme pyrophosphatas
releasing energy. The first ribonucleotide triphosphate retains all the three phosphates.

P~ P + HO Pyrophosphatase
\‘/."f;rm;ﬂ.iml and Elongation of >
RNA Polynucleotide Chain: With
the energy so released, each
ribonucleoside monophosphate

2 Pi+ Energ'y

joined to DNA template chain then POLYMERZ’;Q SIGMA

joins the ribonucleotide arrived INITIATION

carlier, making the RNA chain 3’ « S _ &’

longer.  The enzyme  KNA ) : o & :’
5 S ' X | g !

polymerase catalyses the formation
of phosphodiester bonds between ' @
successive nucleotides and requires SERHgATION
divalentions Mg** and Mn'*,
Termination of
Transcription and Separation of
RNA Chain: As transcription
proceeds, the hybrid DNA-RNA
molecule dissociates partly, frecing
the  RNA  molecule” under

synthesis. When the polymerase Fig. 11.23 Process of transcription in bacteria

.

TERMINATOR




. . MOLECULAR BASIS OF INHERITAIR==S
. terminater signal on the R —

L‘s (8

ach " leaves the DNA. The fully

{
17NA’(d RNA chain is now
t\"'nted One gene forms several
f“lt‘l‘l:cllles of RNA, which are
a0 4 from the DNA template
@le - the other on completion.

, afte
one a

nination of Transcription

“;ome cases such as E. coli,

specific chain terminating RNA SPLICING

arotein’ calleq rho factor (p), INTRONS 5 |
gtops synthesis of RNA chain, MGonp ;
it in most of the cases, RNA ' POLY A |
olymerase can stop TAIL
Uanscription. Thus f(hgre are two MG POLYADENYLATION
methods of transcription: g 5 ‘
/ termination without Nl % !
termination factor and : gooer P?',l&\l(LA i
\%:imination with a termination ‘ MESSENGER RNA (mRNA) \
factor (rho ). \_ Fig. 11.24 Process of transcription in eukaryotes |

V’é-*;~:'rr‘~a%ir)11_ of DNA Helix: As the RNA chain grows, the transcribed region of the DNA

molecule restores the original double helical form.
(a) mRNA synthesis on DNA template takes place in 5'— 3~ direction so that successive
nucleotides are attached at 3” end of the growing RNA strand. Core enzyme moves along
DNA, unwinds the two strands exposing the nucleotides of template DNA. As a result
complementary copy of RNA is transcribed on 3°— 5 strand of DNA. The transcribed
RNA molecule is called RNA-transcript, s
KINA molec
\ /(b%There are three main steps in the process of transcription: initiation, elongation and
termination. ‘
&)/Only one enzyme RNA polymerase catalyses all the three functions. However, RNA
polymerase alone can catalyse the process of chain elongation. For initiation of
transcription it associates wit}@itiation factor-sigma (c))and for termination

transcription with termination factor-rho (p).)

Mechanism of Transcription in Eukaryotic Cells
Transcription in eukaryotic cells is more complex and it differs from that in prokaryotes in
fOHOWing features: ' :
L. Three different RNA polymerases are required in the transcription of three different types
of RNA:
(@) RNA }mlynwrusmlutl_!anscribe
(b) RNA polymerase 11 transcribes precursor o

hnRNA) and occurs in nucleoplasm. | ‘
() RNA polymerase 111 catalyses transcription of tRNA, 55 rRNA and small nuclear

“NAs (snRNAs). It is also found in nucleaplasm. _
2, Eukaryotes have three different types of promoters for three different polymerases.
Eukaryotes have many additional transcription factors for binding of RNA polymerases
0 DNA . :

s rRNAs (28S, 185 and 5.85). i
f mRNA (the heterogeneous nuclear RNA:



["' Prokaryotic Transcription Eukaryotic Tram J
[, 1. Prokaryotic transcription occurs in the cytoplasm.| 1. Eukaryotic transcription occurg in the fy
]' 2. There is no definite phase for its occurrence. 2. Takes place in the G, and G, Phases of Cleyg.
' 3. A single RNA polymerase synthesises all the 3. Three ANA polymerases |, || ang I syp %n
. three types of RNA (mMRNA, tRNA, rRNA). rRNA, mRNA and tRNA respectively . thesis,
f 4. Coupled transcription translation is the rule. 4. Coupled trgnscription translation g not .
‘ 5. Initiation of transcription does not need any 5. Initiation of transcription requires Proteing
proteins or initiation factors. transcription factors to recognise TATA%?%
1 These are TFIIA, TFIIB, TFIID, TFyg, TFHFX
, and- TFIIH.
6. RNAs are released and processed in the 6. RNAs are released and processed in the
cytoplasm. nucleus.
7. RNA polymerase is a complex of 7. RNA polymerases are complexes of 10 4
5 polypeptides. 15 polypeptides.
8. Transcriptional unit has one or more genes 8. Transcriptional unit has only one gene.
(Polycistronic). (Monocistronic).
9. The mRNA primary transcript has fewer 9. The mRNA primary transcript has a large
surplus nucleotides. number of surplus nucleotides.
110. The 23S, 16S and 5S rRNAs are formed from 10. The 28S, 18S, 5.8S and 5S rRNAs are formeg
‘ a single primary transcript. from two primary transcripts.

TABLE 11.10 Differences between Prokaryotic and Eukaryotic Transcl-iptions r

RNA Processing or Post-transcriptional Modification of RNA Transcript

The originally transcribed RNA molecules are called primary transcripts or hn RNA. They are
biologically inactive and in eukaryotes they have exons as well as introns. Therefore, RNA
transcripts undergo extensive changes to become functional. This is called processing of RN s
or post-transcriptional modifications of RNAs. During RNA processing:

1. Larger RNA precursors are cut into smaller RNAs by a ribonuclease-P enzyme (Cleaving.
2. Unwanted ribonucleotides or introns are removed by enzymes named nuclease
(Splicing).

Functional regions or exons are rejoined in defined order by Ligase enzyme (Union).

Certain nucleotides are added at the end enzymatically (Terminal addition).

Molecule may fold on itself to assume proper shape (Folding) in tRNA and rRNAs
6. Some nucleotides may be modified (Nucleotide modification) in tRNA.

Processing of mRNA Primary 'l‘r.lnscrip[: Most pl'Okaryotic mRNA transcripts requil‘t‘ ver
little or no post-transcriptional modification to become functional mRNA. Sometin'®

transla.hon of mRNA begins while it is being transcribed. But in eukaryotes, the primar\"mR‘_
transcript molecules are called heterogeneous nuclear RNA or hn RNA. It iq,chemicall\' modifit
in the nucleus before being transported out in th i Y j

o e cytoplasm for translati ollowing
biochemical processes occur during mRNA PI’OCL‘s‘c,izg i}n ellk']ryottr:“hlahon. F
: S8 : &

J- Capping at 5" end: addition of methy] guanosine triphosphate to 5” end of hnRNA:

27 Tailing at 3" end: addition of 200 -
':/‘ il . 200-300 adenylate residues at 3" end of hnRNA.
8. Splicing: removal of introns and joining of exon ge

Thus a fully processed functional mR e .
poly A tail. NA has define

l’mcossing of tRNA 'l'l'.mscripl: Euk
make functional tRNA molecules by:
I. Trimming of ends by the cleav

Al

gments of the transcript.

‘ , “.i(h
d 5" end with G-cap and 3 ent

. I
aryotic pre- : ored
yolie pre-tRNA molecules are biochemically alt¢

ave d
a5¢ of phosphoester bonds




added
e

" splicing for removing introns.
Addition of some terminal sequences

5 Heterocyclic base modification, usually by me

some prokaryotic tRNAs some intr
and in some, a few heteroc
bonuclease P catalyses re

In

cleavage:
Proce€ssing of rRNA Transcrlpt: Involves its trimming. rRNA transcripts to smaller segments

0

i appropriate ize

TRR W R te WG il RIVAIIW T VIV IRV Y

thylation.

ons are removed; some terminal sequences are

yclic and ribose rings are modified. The endonuclease
moval of a segment from 5 end of pre-tRNA by hydrolytic

has already been discussed in biogenensis of rRNA.

ABLE 11.11 Comparison between Replication and Transcription \

<7 Replication Transcription
1. It occurs in the S-phase of cell cycle. 1. It occurs in G, and G,-phases of cell cycle.
2. It is catalysed by DNA polymerase enzymes. 2. It is catalysed by RNA polymerase enzymes.
' 3. Deoxyribonucleoside triphosphates (dATP, 3. Ribonucleoside triphosphates (ATP, GTP, CTP,
dGTP, dCTP, dTTP) serve as raw materials. UTP) serve as raw materials.
| 4. Re;ﬁication occurs along both the strands of 4. It takes place along one strand of DNA.
‘ DNA.
' 5. It involves unwinding and splitting of the 5. Involves unwinding and splitting of only those
1 entire DNA molecule (chromosome). genes which are to be transcribed.
| 6. It involves copying of the entire genome. 6. It involves copying of certain individual
genes only.
7. Replicated DNA strand remains hydrogen- 7. Transcribed RNA strand separates from its
bonded to its template DNA strand. DNA-template strand.
8. Two double-stranded DNA molecules are 8. A single one-stranded RNA molecule is
formed from one DNA molecule. formed from a segment of one DNA strand.
9. Products remain within the. nucleus. 9. Greater part of the products pass from the
nucleus into the cytoplasm.
'10. Products are not degraded. 10. Products are degraded after their function
‘ o is over.
'11. Serves to conserve the genome for the next 11. Serves to from RNA copies of individual genes
' generation of cells and individuals. for immediate use in protein synthesis.
[12. 1t requires RNA primer to start replication. 12. No primer is required to start.
- 13. It produces normal DNA molecules that do 13. It produces primary RNA transcript molecules
‘ not need any processing. \;v:écr;i::ed processing to acquire final form

GENETIC CODE

Th? linear arrangement of nitrogen bases in DNA is said to determine the sequence of amino
acds jn g protein molecule. It means the precise sequence of only four nitrogenous bases on the
DNA strand somehow directs the proper amino acids to their proper places in a polypeptide
chain ¢ 6ugh the intervention of four nitrogenous baseg of RNA ,ie.,, A, G, C and U.

€t Genetic Code
Corge Gamow, a physicist in 1954 argued that since there are only four nitrogenous bases
ut they have to code for 20 amino acids, each codon should have a combination of
ree ni . bi i f three bases w ‘ne .
(43 _ Ntrogenous bases, i.e., a combination o e bas ould generate 64 codons

“4x4x4=¢4 condons).
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Codon ~¢ -
A codon (code word) can be defined as a triplet sequence of nitrogenous bases in m

“rom DNA molecule which codes for a particular amino acid, whereas the genetjc 'cb[’},c()pie i
sequence of nitrogenous bases in mRNA molecule, which encloses the information ore 18 th,

ST ammoctds during the synthesis of protein moleculeﬁ nkin,
TABLE 11.12 Codons of mRNA for different Amino acids
SECOND BASE
= ————————— — —— e T —
U C A G
VIV - ucu | ' UAU | uGu } u
S [ Tyr | Cys
we =~ P uce | UAC Jg Y f vac [ 7 2
UUA UCA [ Ser UGA
4 \ . A
U UuG | Leu UCG { | UAA }Termlnater UGG f Ty G
1’ UAG _;> Terminater
,! UGA }'Terminater
- Cuu 7 ccu L cAU 1 . cGU e K
i - His <
s cuc | | ccc 1 ' cac | CGC | ,. C |a
= ©  cua [ " | cca [ PO caa } ol CGA J A |8
s cuG | CCG | cAG n CGG G | %
™ 4 [ | B =
— 1 ‘
AUU | ACU | | AAU } - AGU U
. A -
AUC - U | ACC | e | AAC S AGC } S c
A AUA ACA [ J AAA AGA } ~ ‘A
AUG > Met | ACG | AAG [ AGG ? G
GUU | ' Gou ] | GUA ] As Geu | u
Guc | | e ' Gac [ GGC c
- > Val Ala L Cys
o GUA | GCA | . GAA 1 - GGA A
GUG | GCG | . GAG | u GGG G,
Although, informations are coded an.d stored in the form of nitrogenous base sequences 112
DNA mole;ule, the message from DNA is carried out in the cytoplasm by mRNA and the ¢
on mRNA is translated into the sequence of amino acids in polypeptide chain. "
gel’tt’“

(a) Protein synthesis in cell-free medium by Marshall Nirenberg helped in cracking the
code or deciphering codons for different amino acids.

(b) Severo Ochoa’s »York on polymerisation of RNA with defined base seque
template-free medium (i.e. enzymatic synthesis of RNA) completed the decip
genetic code.

nces i
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The existence of a triplet code was proved by Nirenberg (Nobel Pri : iin 196!
i e ) rize winner) and Mathae il.

They were able to synthesise artificial mRN ‘ i ur
y y A which contained molecules of only one basé |-fre€

| idylic > ; .
It was named as polyuridylic (poly-U) molecule. The synthetic poly-U was placed in @ @ Aftef

system containing protein synthesising enz : .
st’)m time a smgl? roteir:l-like m Ig I yme, all the twenty amino acids and necessaI’YA ing ©
e p olécule was produced which was formed by the linkl

phenylalanine. It means UUU is the codon for phenylalanine
Similarly, poly-A mRNA gives polylysine peptide chain and poly-C gives polyproline.
Therefore, codon-AAA was assigned for lysine and CCC to proline | '




ontial Features of Genetic Code ( h- g

ESSE : T LU )
~/ Triplet: A codon comprises h
. - |
" nitrogenous bases of mRNA in a AU | ’ | [
" .5 sequence. Uul G l ; |
>r s : _ - - U : GC ; i ‘ i
- /enetic Code is Commaless: | GCA | E | l
_ /. i< no punctuation . cAa U ’ | |
ot § t cod (comma) | A UC OVERLAPPING CODONS |
crween the adjacent codons, i.e., each | uoe | | y
.~ is immediately followed by the \ . ce | A ;
__.: codon with no intervening spaces ! | G | AC )
of letters for comma. swo|sex | wes | ace | f
- iest . ) : ; ! DONS
_/ Genetic Code is Non- 1 | l !NON-OVERLAPPINGCO :
Yerlapping: Initially it was Fig. 11.25 Representation of overlapping and non-overlapping '
-.irhing for some geneticists to think genetic codons )
- degeneracy In connection with e -
-.-c7c code. Therefore, a triplet code with overlapping sequence was suggested. Under the

- zpping triplet code the number of codons could be reduced to twenty. But recent evidences
—#+ the existence of a non-overlapping code.

Lonetic Code is Degenerative: More than one codons can be used for a particular amino
This multiple system of coding is known as degenerate system OrI degenerate code.

generate code provides a proiection to o}ganisms against many harmful mutations, stabilises
»»»»»» ypes by lessening the effect of random mutaticys and minimises the consequences of base

z L
-

rz de
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- ozses zre specified, the same amino acid may be coded for whether the third base is U, C, A or
‘< third base is described as Wobbly base. The hypothesis which states that tRNA

Tre major degeneracy occurs at the third ition (5" end of the triplet codon). When first two

.-“c0don can wobble at its 5” end by pairing with noncomplementary base of mRNA codon is
p le Hypothesis. It was proposed by Cric@in 1966. This is evident from genetic codes

JOUUVIT

f0r tne following amino acids: ,

./ “erine: UCU, UCC, UCA, UCG and AGU, AGC.
7 /uinine: CGU, CGC, CGA, CGG, and AGA, AGG.
[# Leucine: CUU, CUC, CUA, CUG and UUA, UUG.
/‘ aline: GUU, GUC, GUA, GUG.
B LEU GLY GLY ey '
-, ENTICAL n” ’ i
~_] - ANAs (\ ‘ ~~ MRNAs
Vs e, S r\)
e = - 7 Y / \
7r =4 n _"/ 7 T”'/ Vi | ’ 7] /
84 B ccl ccl
: HORIAAL €A% yossLe | | § INOSINE : c < i o]
g o,y PHIRING o g g TIBING G GU GGC GG A
L 11 o | I U W | (S | I 1 1
s A B
Wobble base pairing: A-Two different leucine codons

Ot 17 Fig. 11.26 Two examples of , |
U 204 CUU can be read by the same anticodon of leucine tRNA; B-Three different glycine codons GGU

GGC and GGA can be read by the same anticodon of glycine tRNA
molecule having abnormal or wobble base (1)

o having —————




5. Genetic Code is Unambiguous and Specific: It is because a particy]
codes for the same amino acid throughout the living world. AT codop
6. Collinearity: Genetic code represents sequence of codons in mRNA and the
amino acid residues of a polypeptide chain are arranged in the same liear s COrreg
is linear with DNA and with amino acids in polypeptide chain. Auence
7. Genetic Code has Chain Initiation and Chain Termination Codons: The cod
in the beginning of the cistron is known as initiation codon. It marks the beginn(?n Prese,.,
G o . . ' B - ; . . 1 N
message tor a polvpeptide chain. The initiation codon is AUG in majority of caseg an:;g-t"f b
- g A ————— S oees et 8 ] cm[y

tor amino acid methionine. }
Similarly, the last codon of a cistron helps in reading the termination of polypeptide cha
in

This is known as termination codon. There are three termination codons: UAA, UGA andU
Earlier, when the function of these codons was not known, these were called nonsens, c\@‘ia
because these do not code for any of the 22 essential amino acids. -
The initiator and terminater codons are known as signals and this phenomenon is knowr
as punctuation. Punctuation helps in delimiting the different cistrons on a polycistronic mRI\A
8. Genetic Code is Universal: It is because the same genetic code is present in all living
organisms including viruses, bacteria, unicellular and multicellular organisms. ;

bases in mMRNA. You can predict the sequencs

alwa'

P Ond;,, .
* MRy,

A. Given below is the sequence of nitrogenous

of amino ‘acids coded by it. : _
Segment of mRNA: AUG uuu uucC uucC CcGuU GCU AAA  UUC

Polypeptide copied: Met- Phe- Phe- Phe- Arg- Ala- Lys-  Phe
Follow the sequence of amino acids in above polypeptide chain, predict the sequence ¢

R
nucleotides in the mRNA for these amino acids.
Polypeptide: Met- Phe-  Phe- Phe- Arg- Ala- Lys- Phe
mRNA: AUG uuu Uuu Uuu CGU GCU AAA uucC

C. Compare the nucleotide sequence in mRNA in A and B. What is the difference and why'.’.
Amino acid phenylalanine (Phe) is coded by two codons UUU and UUC (The genetic code &

degenerate).
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1.

Describe the salient features of the double
helical model of DNA.

Explain the process of DNA replication.

What is reverse transcription? Explain how
single stranded RNA of viruses give rise to
double stranded DNA?

How does operon works in bacteria?

Explain the role of regulatory gene in the
concept of operon.

Genetic material is DNA and not protein.
How did Griffith prove this?

What are the advantages and probable risks
of genetic engineering?

What are retroviruses? How do they modify
the central dogma in molecular biology?

What does the lac operon consist of? How is
the operator switch turned on and off in the
expression of genes in this operon?

Who demonstrated the semiconservative
replication of DNA? Explain the procedure in
detail.

(a) What are the three types of RNA?

(b) Which one of these has the shape of a

clover leaf in two dimensional
structure?
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