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Fig. 6.4. A double sranded polynucleotide chain.
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'h and Crick Model of DNA. The above
S aations helped Watson and Crick to design a
model of DNA molecule in 1953,
w,(son and Crick along with Wilkins received

Fig. 6.5. An X-ray diffraction
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ehains formed of deoxyribonucleotides. Each deoxyribonucleotide of DNA is formed by
eossslinking of three chemicals — phosphoric acid (H;PO,), deoxyribose sugar (CsH504)
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and thymine or T). Depending upon the type of nitrogen base, DNA has four kinds of
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Bsphate (d GMP), deoxy thymidine S-monophosphate (d TMP) and deoxy cytidine
osphate (d CMP).
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rmed Chargaff’s rule.
e specific purine-pyrimidine (A + T and G + C) base pa

¢ base pairing.

rogen Bonds. The two strands of DNA are held together by hydrogen bonds
heir bases. Two hydrogen bonds occur between adenine and thymine [A = T).

three hydrogen bonds between guanine and cytosine (G = C). G = C bonds are
than A = T bonds.

Antiparallel strands. The two strands of DNA duplex are parallel but are oriented
opposite directions. Such strands are called antiparallel. The antiparallel strands form a
t-handed helix. The 5’ end of one strand lies opposite 3’ end of the other. One strand is
ori ted in the 5” — 3’ direction and the other strand in the 3" — 5" direction. This arrange-
‘ment is useful in complementary base pairing and replication of DNA.

" Salient Features of the Double-helix Structure of DNA

1. DNA has two polynucleotide chains.

9 The two chains of DNA have antiparallel polarity, 5" — 3" in one and 3" —
5" in other.

3, Backbone of each polynucleotide chain is made of alternate sugar—phosphate groups.
itrogen bases project inwardly.

Nitrogen bases of two polynucleotide chains form complementary pairs, A opposite
- opposite C.

A large sized purine always comes opposite a small sized pyrimidine. This generates
ance between two strands of helix.

ne (A) of one polynucleotide chain is held to thymine (T) of opposite chain by
)nds. Guanine (G) of one chain is similarly held to cytosine (C) of the other

ydrogen bonds. 4.
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Differences in different forms of DNA
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A A | 5A NA 3
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10 12 (6 dimers) 11 033

34 A A a5k 1340
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NUCLEOSOME

NUCLEOSOMES CHROMATOSOME
N /\ LINKER DNA
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CHROMATIN FIBRE SHOWING 2
NUCLEOSOMES
Fig. 6.14. EM picture - ‘Beads-on-String’

histone Chromosomal (NHC) Proteins. The packaging of chromatin at higher

ites additional set of proteins that collectively are referred to as non-histone
HC) proteins. On the basis of staining behaviour in a typical nucleus,
0 types : euchromatin and heterochromatin.

s between Euchromatin and Heterochromatin
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At the simplest level, chromatin
is a double-stranded helical

structure of DNA.

DNA double helix
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Each nucleosome consists of
eight histone proteins around

” which the DNA wraps 1,65 times,
DNA is complexed with histones
to form nucleosomes. \ Nucleosome core of 2
eight histone molecules A chromat consists
“\ HI histone of anuceasome plus the
6 P H1 histone.
... that forms loops averaging ‘ : ér\\\ ;
300 nm in length. lwl \\'
' 11 nm \ Chromatosome
300 nm

AR /

2 250-nm-wide fiber

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber.

5

The nucleosomes
fold up to produce
a 30-nm fiber...

30nm

8 1400 A
Tight coiling of the 250-nm

fiber produces the chromatid
of a chromosome,
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UNCOILED REGION

]‘ Fig. 6.28. Structure of rRNA (Schematic).
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~ Functions. (1) rRNAs bind protein molecules and give rise to ribosomes. (ii) 3° end of
188 rRNA (168 in procaryotes) has nucleotides complementary to those of cap region of
~ @RNA. (iiD) 58 rRNA and surround-
| ing protein complex provide binding
site for tRNA. (iv) rRNAs get asso-
Siated with specific proteins to form
fibosome subunits. 50S subunit of
‘prokaryotic ribosome contains 235
MNA. 58 tRNA and some 32 protein
‘molecules. 30S subunit of prokary-
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Fig. 6.32. tRNA — the adapter molecule.

ctions. (1) AS firS.t postulated by Crick, tRNA is adapter molecule which is meant
sferring amino ?1C1ds FO ribosomes for synthesis of polypeptides. There are different
for different amino acids. Some amino acids can be picked up by 2—6 tRNAs. tRNAs

Differences between Codon and Anticodon

Anticodon

1. It occurs in tRNA.

mplementary to a triplet of | 2. Itis complementary to a codon.
| x
 position of an amino acid in ' 3. It helps in bringing a particular amino
its proper position during translation.

2

A (mRNA). It is a long RNA which constitutes 2—5%
. It brings instructions from the DNA for the f :
\ is, therefore, also called informational



© e is coding region followed by te,
== tion codon there is a small noncod

e (Fig. 6.33). Both cap and tail py
e - t:-l:ilg:'gegions are called UTR (Untrang;
e sinigle polypeptide or a.numbfer of ther_n, The
> latter is known as polycistronic. Polycistronic m
: ukaryotic mRNA is usually monocistronic. The life ¢

R Jlower forms it is from a few minutes to a few hours, g
:-W. - ceemn to have a long life. It is several days j g
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1scles which continue 10 form haemoglobin even when nucleyg hag
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g i aading region) TERMINATION CODON

Fig. 6.33. Parts of an mRNA strand.

. i — = —= . S a ~
- M (i) mRNA carries coded information for translation into polypeptide forma

2i}) Through reverse transcription it can form compact genes which are used in geneti
,-,.u. phenomenon also occurs in nature and has added certain genes in the
es (x_n).It hz;s a cap region for attachment to ribosome. (iv) Cap protects the mRNA
aegragation from enzymes. (v) mRNA has a tail regi or ecti 2
7 as a t: egion for protection from cellul
ymes and detachment from ribosome. b
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Differences between Initiation Codons and Termination Codons

Termination €

These are found at 3’ end of

2. UAA, UAG and UGA are
codons and only one is present

3. It stops the process of prote

'L

f—

b ‘6eN messenger, ribosomal and transfer RNAs :
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Itis of 3 or 4 types.

PRl i
ion of bases is very

It is most stable, used again

and again and does

It is quite stable. used
protein degrade.

not and again. degrades
slowly.

template/ It is called insoluble RNA and It is called soluble or adapter

or forms ribosomes. RNA and carries amino acids

~ RNA as it to mRNA during protein
ic information synthesis.

‘Genomic RNA (Genetic RNA). It is found in some viruses called riboviruses. Ge-
A may be single stranded (e.g., Tobacco Mosaic Virus or TMV) or double stranded

irus). It is fragmented in influenza virus. Genomic RNA acts as a hereditary
may replicate directly, or form DNA in the host cell to produce RNA of its own

Catalytic RNAs. Cech er al (1981) found catalytic activity (cleavage and covalent
mmation) in RN A precursor of ciliated protozoan called Tetrahymena thermophila. It
ribozyme. In 1983, Altman er al discovered that ribonuclease - P that takes part

s tRNA from its precursor is a biocatalyst made of RNA and protein. Noller et
nd peptidyl transferase to be RNA enzyme.

Nuclear RNA (snRNA). It is a small sized RNA present in tbe nucleus. Eac:h
ined with 7—8 molecules of proteins to form small nucle?ar nbonucleoprotem
\NA takes part in splicing (Ul and U2), rRNA processing (U3) and mRNA

| Cytoplasmic RNA (scRNA). It is small sized RNA occurring free in ¢
small cytoplasmic RNA is 7S and combines \?llth wzlgmm m
ition particle or SRP. The latter hglps in g and |
reticulum for producing secretory pmtelins. h =

-

. 3 -1 1n 1]
B S5 =
3




THE CHEMICAL STRUCTURE OF DNA
\

BASE BASE BASE DNA strands are held together by hydrogen bonds between bases on adjacent

strands. Adenine (A) always pairs with thymine (T), while quanine (C) always
pairs with cytosine (C). Adenine pairs with uracil (U)in RNA.
0 0
i i
”o—||=—o "o—f—o o=
0 0

DNAis a polymer made up of units called nucleotides. The nucleotides are
made of three different components: a sugar group, a phosphate group, and a
base. There are four different bases: adenine, thymine, guanine and cytosine.

OW THYMINE FROM DNA TO PROTEINS

The bases on a single strand of DNA act as a code The letters form three letter

N H2 H H N \ codons, which code for amina acids - the building blocks of proteins.
N/ N . .
k | /> 0 O TRANSCRIPTION TRANSLATION
N N

NN H

Anenzyme, RNA polymerase, transcribes DNA into mRNA [messenger
ribonucleic acid). It splits apart the two strands that form the double helix, then
reads a strand and copies the sequence of nucleoticies. The only difference
between the RNA and the original DNA is that in the place of thymine (T}

another base with a similar structure is used: uracil (U).
) e Jo) crone
0

DNA SEQUENCE eo 0000000 o
mRNA SEQUENCE vt oo ‘ 000000@ . o

HN N Y \ 2 AMINO ACID Pheny\ﬁlanine Leutine Aspafagine Fraline Leutine
| /> In multicellular organisms, the mRNA carries genetic code out of the cell
\ H N / nucleus, to the cytoplasm. Here, protein synthesis takes place. Translation'is the
NN N

process of turning the mRNA's ‘code’into proteins. Molecules called ribosomes
carry out this process, building up proteins from the amino acids coded for.

© Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook,com/compoundchem

This graphicis shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence. >/
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Type

Abbreviation Function(s)

Messenger RNA mRNA Transfers genetic information
from genes to ribosomes to
synthesize proteins.

Heterogeneous nuclear RNA | hnRNA Serves as precursor for mRNA
and other RNAs

Transfer RNA {RNA Transfers amino acid to mRNA
for protein synthesis.

Ribosomal RNA rRNA Provides structural framework
for ribosomes

Small nuclear RNA sNRNA Involved in mRNA processing

Small nucleolar RNA snoRNA Plays a key role in processing
of rRNA molecules

Small cytoplasmic RNA sCRNA Involved in selection of
proteins for export.,

Transfer messenger RNA tmRNA Mostly present in Bacteria,
Adds short peptide tags to

proteins to facilitate the
degradation of incorrectly
synthesized proteins.
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Secondary Structure of t-RNA
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