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Good morning students. In my earlier classes, | have already discussed about some of the
biological macromolecules which are present in the cell. Those molecules are either
protein, carbohydrates and so on. Today | will discuss on another biological

macromolecules which are present in the cell called nucleic acids.
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Nucleic Acids
Nuclelc aclds are molecules that store information for
cellular growth and reproduction
There are two types of nucleic acids;
- deoxyribonuclelc acid (DNA) and ribonucieic acid
(RNA)
These are polymers consstng of long chains of
manomers called nuclectides

A nucleotide consists of a nitrogenous base. a penfose
sugar and a phosphate group:
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Nucleic acids are the molecules that store information for cellular growth and
reproduction. If we see broadly classify the entire nucleic acids, it can be divided
distinctively into two major groups. One is called deoxyribonucleic acid or D N A, and
ribonucleic acid or the R N A. These are the polymers consisting of long chains of

monomers called the nucleotide.

So, what is nucleotide? A nucleotide consists of a nitrogenous base, a pentose sugar, and



a phosphate group. That means in other word, we can tell that in a particular nucleotide,

we have a nitrogenous base, one sugar moieties and one phosphate group is there.

Now, this is the structure of a nucleotide. Say this is a pentose sugar. In carbohydrate
classes | have already discussed that what is pentose? What is hexose? So, this is a
pentose sugar. If we number this carbon then this is the first number of carbon, second,
third, fourth and fifth. So, this is a pentose sugar and the first carbon is being occupied

by a nitrogenous base.

So, here one nitrogen is attached to the sugar moieties, and to this fifth carbon of this
particular sugar one phosphate group is attached. And when this sugar nitrogen and

phosphate groups are there. Then we can call it as nucleotide.
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Nitrogen Bases
= The nitrogen bases in nucleotides consist of two general
types:
- purines: adening (A) and guanine (G)

- pyrimidines: cytosing (C), thymine (T) and Uracil (L)
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Now, what is this nitrogenous base? Basis which are there along with this particular
nucleotide molecules . So if we see this nitrogenous basis in nucleotide, it consists of two
general type .One is the purine and other is the pyrimidine. Now if we see the structure
of purine and pyrimidine .Then we can find that this pyrimidine is a nitro containing

heterocyclic molecule.



Now,here if we see further, this pyrimidine. It has got three main derivatives, one is
called cytosine, in it is symbolized as C, Thymine t and uracil U. When to this
heterocyclic nitro containing ring, one imidazole group is being attached, it form the
purine. And, if we see that derivatives of this purine, we can find that adenine and
guanine. That adenine is symbolized as A and guanine is symbolized as G. These are the

derivatives of purine.

Now, if we further go into this derivatives of purine and pyrimidine. We can find that this
adenine and guanine. This A and G they are the purine derivatives are present both are
present in R N A as well as D N A molecules. Whereas, if we see the pyrimidines and
pyrimidines derivatives, then we can find that, this cytosine is present both in D N A and

R N A .Whereas, thymine is present all the in D N A and uracil is present only in R N A.

That means structurally, if we see the structure of this pyrimidine derivatives. That is
thymine and uracil, we can find that see rest of their structures are same. Both the
molecules except this methyl group which is attached to this thymine molecule, and
these thymine molecules. When this methyl group is removed or this methyl group is not
attached, we can call it as uracil .That means in other word, we can tell that this uracil

methyl containing uracil is the thymine or demethylated thymine is the uracil.

So, these are the structural differences and here this thymine is present in D N A. And in
R N A thymine is substituted with uracil, that is U. That means in short, what we can

conclude from this nitrogenous base?.
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We can tell that A G C is common, that means adenine, guanine, cytosine is common in
both D N A as well as R N A molecules. Whereas, in case of D N A, when we are
considering D N A ,then we can tell AG C and T .Where as in case of R N A ,when we
are talking about R N A, we can write A G C and U. This U, this thymine is changed with

uracil, this is the difference between one D N A molecule and one R N A molecule.

So, these are all about the nitrogenous bases. And these nitrogenous bases are attached to

the first carbon of the pentose sugar. So, then we are coming to this sugar moieties.
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Pentose Sugars
There are two related Fﬂlw SUBEEATS.
= BB A contains ribose

- ¥4 A coitains desxyvribose

I'he sugars have their carbon atoms numbered with primes
o distinguish theam from the nitrogen hases

Now, as | had told you that five carbon sugar moieties, and that is why? We are talking,
calling it as pentose sugar. Now this sugar, these pentose sugars are also of two types. In
case of D N Aas well as R N A .In case of R N A, this is the simple ribose sugar, this is
the ribose sugar ,see this is 1 2 3 4 and 5 carbon sugar .And this is the ribose sugar in
case of R N A molecule. But, here in case of D N A it is called deoxyribose. That means

one oxygen is missing in the sugar moieties, five carbon sugars.

So, what is that see in the second carbon? Here you see one H and O H is there. But, here
in this deoxyribose, you see oxygen is missing. No oxygen is bonded to this carbon atom
and that is the reason, why it is called deoxyribose? And which is present in the D N A
molecule. The sugars had their carbon atoms numbered with the prime to distinguish
them from the nitrogenous bases. And to these particular carbon atom number, one here
the nitrogenous bases are being attached .And this is the major difference with the ribose

sugar five carbon sugar with D NAand R N A.
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Nucleosides and Nucleotides

A nuiebeodide consists of a nitrogen base linked by o glveosadic
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Aomngkeotide 15 a pucbeoside that forms a phosplate ester with
the 57 Ol group of nboss or deosymiboss

» Mucleobides are named wang the name of the noclooside
fidlwed by 5 -monophoaphate

Now,coming to this nucleoside and nucleotide. A nucleoside consists of a nitrogenous
base linked by a glycosidic bond to carbon atom number one of the ribose or

deoxyribose.

So irrespective of the ribose sugar to the first carbon, these nitrogenous bases are
attached to both in D N A as well as R N A molecules. Nucleosides are named by
changing the nitrogen base ending to osine for purine and idine for pyrimidines. That
nucleotide is a nucleoside that forms a phosphate ester with the carbon atom number 5
hydroxyl group of ribose or deoxyribose. Nucleotides are named using the name of the

nucleoside, followed by 5 prime mono phosphates.
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So, if we see the actual structure, then we can find that when we talk about this
nucleoside. Nucleoside means ribose sugar, and to this first carbon ,this nitrogen base is
attached .So, here you see this is the adenine .Adenine group is attached to this and here
if it is the deoxyribose .Then this O will be missing H H then it is the adenosine group is
there. In case of nucleotide, see nitrogen and sugar this is nucleoside. When we are
talking about a nucleotide then | have already shown you that nitrogen, sugar and to that
one phosphate is attached .See this structure, this is nitrogen, sugar through this
phosphate moieties are attached to this.

So, it is called adenosine 5 prime mono phosphate. That means it is the adenosine 5
prime mono phosphate, that means to the 5 carbon atom, this phosphate group is attached

.S0 mono phosphate 5 only one phosphate group is attached.
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So, when we are naming this nucleoside and nucleotide .Then how we are naming? In
case of R N A, I have already told you that here the basis are this nitrogenous basis are A
G Cand U so see A G C and U .This nitrogenous, 4 nitrogenous basis are there in case of
nucleoside. We are calling this adenine, guanine, cytosine and uracil as adenosine

guanonsine, cytidine and uridine. So, these are the nucleoside naming.

When, we are talking about the nucleotide, then adenosine 5 prime mono phosphate. As |
have already mentioned that here nucleotide are named using the name of the nucleoside
followed by 5 prime monophosphate. So, similarly, adenosine 5 prime mono phosphate,
guanosine 5 prime mono phosphate, cytidine 5 prime mono phosphate, uridine 5 prime

mono phosphate and so on.

In case of this D N A, here it is deoxyribose, so obviously deoxyadenosine,
deoxyguanosine, deoxycytidine and so on. When we are naming the nucleotide then
deoxyadenosine 5 prime mono phosphate or d A M P, deoxyguanosine 5 prime mono
phosphate deoxycytidine 5 prime mono phosphate ,deoxytymidine 5 prime
monophosphate .So these are the names based on the type of molecules we are
discussed..
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AMP. ADP and ATP
= Additional phosphate groups can be added to the
nuckeoside 5 -monophoesphates to form diphosphates
and triphosphates

o
- ., iy
L= | Y - | N = ] [ 2 ﬂ-:lﬂ‘“ "
o ] i L =8
L

[
T e R e S S LS

So, these are the nucleotide and nucleoside and differences between this nucleotide and

nucleoside.

Now, when we are talking about this monophosphate, diphosphate, triphosphate and so
on. Then this additional phosphate group can be added to the nucleoside 5 prime
monophosphate to form diphosphate ,triphosphates and so on. What does it mean? See
this is a nucleotide, nitrogenous base, sugar, and one phosphate is there. If we want to
attach another phosphate group to this, that means here, if we want to add upon another
phosphate group, then it can be attached.

And here, it forms the adenosine diphosphate. To this diphosphate when we are
introduced it to incorporate another phosphate group to this then ,it forms the adenosine
triphosphate or A T P molecule .And as, we all know we have already learned that AT P
is the major energy source for all cellular activities. So these AT P molecules are playing

a significant role in different metabolic activities, which are performed by the cell.
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* The primary structure of a nucleic acid s the nuclectide
SEqUENCE

* The nucleotides in nucleic acids are joined by phosphodiestar
bonds

= The 3'-OH group of the sugar in one nuclectide forms an ester
bond to the phosphate group on the 5'-carbon of the sugar of
the next nucleotide

4 Figa & phosphate
= "
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Now, coming to this primary structure of the nucleic acid .The primary structure of the
nucleic acid is the nucleotide sequence, the nucleotides in nucleic acid are joined by
phosphodiester bonds. The 3 prime hydroxyl groups of the sugar in one nucleotide form
an ester bond to the phosphate group on the 5 prime carbon of the sugar of the next
nucleotide. What does it mean? It is see this see this is one nucleotide this is another

nucleotide.

So, just till now, what we were discussing? That what is nucleoside? And what is
nucleotide? We have learned nucleoside is sugar plus nitrogen base. And when one
phosphate is being attached to this, it forms the nucleotide. That means in case of
nucleoside, no phosphate is attached. In case of nucleotide nitrogenous base sugar
moieties plus phosphate. That means sugar plus nitrogenous nitrogen base is the
nucleoside. Sugar, nitrogenous base and phosphate is the nucleotide.

Now, when one such nucleotide is being attached to another nucleotide at then this ladder
of this linkage or this chain like formation is taking place. Now how this chain is being
form, now here you see this is the carbon one two three four five first carbon is already
occupied by this nitrogenous base. And third carbon, in the third carbon this phosphate

group of another nucleotide is going and it is getting bonded with the phosphodiester



bond.

Now, when this type of linkages are taking place, then one nucleotide is getting attached
to the another nucleotide. And this phosphate, when it is coming to that next nucleotide
that is, third carbon sugar moieties of the another nucleotide. Then it is getting linked and
in this way the chain is formed, and this chain is called the primary structure of the

nucleic acid.
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= A mucleic acid polymer has a free
5-phosphate group at one end
and a free 3'-0H group at the
ather end

The sequence is read from the
free 5'-and using the batters of
the bases

Thies example reads
5 —A—L—G—T—3

I think,if I show you in little elaborate way, see this is the sugar moieties this is the third
carbon, this is the fifth carbon of the sugar and the first carbon it is the nitrogenous base.
This is the fifth carbon, to this fifth carbon phosphate group is attached. This phosphate
is once again getting joined to the third carbon of the second nucleotide .Here
nitrogenous base is there, fifth carbon here phosphate is there, and this phosphate is
being attached to the third nucleotide and sugar moieties.

And third carbon of the third nucleotide, and here from this phosphate is being attached
to the fourth nucleotide, molecule the sugar molecule the third carbon of this forth
number of this nucleotide .And in this way this 1 2 3 4 and that way nucleotides are

being linked up and they formed a chain like structure this nitrogenous bases may be AT



G C,AU, G Csosee here AC, G T. These are the nitrogenous bases, so a nucleic acid
polymer has a free 5 prime phosphate group at one end. And a free 3 prime, H group at
the other end the sequence is read from the free 5 prime end using the later of these
bases.

See for example, 5 prime a C G T 3 prime, that means, if we want to write the structure
that how this nitrogenous basis are attached? Then we will have to write 5 primeaC G T
and then ending with the 3 prime .So this is the example of the primary structure of the
nucleic acid. You see this particular linkage has got very close similarity with the
primary structure of the protein molecule. But, | have already discussed that one amino
acid is being attached to it, another amino acid .The second amino acid is getting
attached with third, fourth, fifth and so on.

What is happening in case of these amino acids? This when they form this protein
structure, that in one particular amino acid, we have already learned that there is a amino
terminal and one carboxyl terminal of that particular two groups are there. So when one
amino group is getting attached with the carboxyl group of another amino acid, they
form the peptide linkage. And this peptide linkage joins that one amino acid to another

and that way the primary structure of protein is formed.

Here, the similar thing is happening with this particular primary structure, where you can
see that see that one nucleotide is getting attached with another nucleotide with the third
carbon of this pentose sugar. And the phosphate group is being linked up and the chain is

getting increased. And that way primary structure of this nucleic acid is form.
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Example of DNA Primary Structure
» InDNA, A, C, G, and T are linked by 3'-5' ester

bonds between deoxyribose and phosphate
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Now, here this is the example of this R N A primary structure. Here this T is replaced by
this U, and here this 3 to 5 prime ester linkages are there. So, here if we want to tell then
we can tell this that 5 prime a C G U and 3 prime. Where as in case of D N A you see U
is replaced with the thymine. So, if we want to tell the structure of this primary structure
of this particular this nucleic acid. Then we can file that 5 prime a C G T and 3 prime so

these are the primary structures of this D N A and the R N A molecules.
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Secondary Structure: DNA Double Helix
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Now, coming to the secondary structure, so when we are talking about the this primary
structure. We are, we have already learned. But, this is a very simple structure which is
there and joining the nucleotide together in the secondary structure. It we can find the D
N A double helix, that means in D N A there are two strands of nucleotides. That wind
together in a double helix form the strands run in opposite direction that is anti parallel to
each other .What does it mean? That means if one strand is from 5 prime to 3 prime

another strand will be from 3 prime to 5 prime.

So, this opposite link that numbers that 5 prime, if it is starting another end will be 3
prime. And when this two strands are coming, that is that means they are anti parallel to
each other .When they come and they wind each other and form this type of structure it
is called the helix like structure. And, this is the secondary structure of the D N A
molecule. The bases are arranged in a step like manner and the base pairs are held
together by hydrogen bonding. The base pairing, the pairing of the basis from the two
strands is very specific, the complimentary base pairs are AT and G C. That means one
purine is getting linked with another pyrimidine that is the linkage no two purine or two
pyrimidines are there, one purine is getting linked with another pyrimidine.

So A is getting bonded with T, G is getting bonded with C, so two hydrogen bonds are



formed between A and T. And 3 hydrogen bonds are formed between G and C, each pair
consists of purine and pyrimidine. So they are the same with keeping the 2 strands at

equal distance from each other.
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So, this is the adenine and this is the thymine, one is purine another pyrimidine. So 2
bonding hydrogen bonding is there, that means A double bond T and G triple bond C.
See here G guanine that 1 2 3 hydrogen bonding and cytosine.
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So, these are the helix structure double helical structure of this D NA.AT G C linkages,

these pairs are there and which are associated, associating the two strands in a organized
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D N A double helix

model is first introduced by watson and crick in nineteen hundred



and fifty six. And they got noble prize for that the basis are oriented perpendicular to the
helix axis. They are hydrophobic in the direction perpendicular to the plane of the basis
cannot form the hydrogen bong with water. The most common D N A structure in
solution is the B form of D N A. Under conditions of applied force or twists in the D N A
or under low hydration conditions it can adopt several helical confirmation which are
refer to as a form of D N Aorz D N A and so on . See here is one nucleotide strand
another and you see a T G C G C AT, and that way this helix structure is there. It is
formed in between and they are associating the 2 strand together..
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While coming to this A form B form and z form. So B form is the normal D N A
molecules, and under extreme environmental or extreme conditions. We can get A form
of DN Aorzformof DNA.

When we are comparing the properties of this type of D N A’s .If we consider the B form
as the standard, we can find that this A form. It is the right handed B form is right handed
helix, z form is left handed helix. And there are very many differences between this base
pair. This helix diameter rise per base pairs, base pair per helical turn, helix pitch etcetera
at different in each form of D N A.
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Now, if we see at a glance, we can find that A form of D N A is very thick and short. D if
we are considering as normal, then z form is thin and long. So these are some of this D N

A helix.
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DNA Helix

« The DNA double-helix is formed by two right-
handed, complementary strands of nucleotides
coiled around each other. "Right-handed” is a
term used to describe the symmetry of a 3-
dimensional object

= It means that if you place the thumb of your right
hand along the long axis of the molecule and
curl your fingers in, the chain “twists” in the
same direction as your fingers,

The D N A double helix is formed by 2 right handed complimentary strand of nucleotide



coil around each other. Right handed is the turn used to describe the symmetry of the 3
dimensional objects. It means that if you place the thumb of your right hand along the
long axis of the molecule and curl your fingers in the chain twists in the same direction

as your finger.

Now, if suppose this is the double helical structure, and now if we wind this double helix
structure to the thumb. And if it is forming this right handed helix, it will be wind like
this and this is called the right handed helix of D N A. And in case of left handed, this
helical, double helical structure is winds and it forms and in this way it winds up with the
central axis, and this is the left handed helix of D N A.
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Storage of DNA
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So, if we see this other properties the storage of D N A in eukaryotic cells mainly the
animal, plant and fungi .D N A is stored in the nucleus which is separated from the rest
of the cell by the cell membrane. And within that the cell sap is called nucleoplasm that
is that | have already discussed that thing .That in the inside the nucleus the in case of
eukaryotes that nucleus has got its own nuclear membrane and that is separating this

nucleus from the other organelles.
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And nucleus has got the by layer that nucleus has got its own , this is one ,this nuclear
envelope which is separating the nucleoplasm from this .Other the cytoplasm field and
here inside this the nucleic acid or the chromosomes are there . D N A is organized into
chromosome during cell division; during replication the D N A is stored in a compact B
like structure called the chromatin. And,is wrapped around the protein which is the

histone protein to form nucleosomes. So these are some of these things.
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DNA Replication
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So, inside this nucleus the replication of D N A is taking place. When one eukaryotic cell
divides, the process is that the process, they adopt is the mitotic cell division, The cell in
this particular cell division, the cells split into 2 identical daughter cells, the D N A must
be replicated. So that each daughter cell has the same copies. Number of this nuclide this

chromosome D N A replication involves in several processes.

First, is the D N A must be unwound and separating the two strands. The single strands
then act as a template for synthesis of the new strand which are complimentary in
sequence. The bases are added one at a time until the two new strands are formed .That
exactly duplicate the original D N A which are produced .The process is called semi
conservative type of D N A replication, because one strand of each daughters D N A
comes from the parent D N A and one strand is synthesize which is new strand.During
this process the energy which is required comes from the hydrolysis of the phosphate
group .As the phosphodiester bond form between the basis, as we have already learned
that thing.
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Now, if we are talking about this semi conservative D N A replication. Then this is the
parents strand, and first what it is doing? It gets unwind now one is the 3 prime to 5
prime another it is 5 prime to 3 prime. So, anti parallel to each other, so when these two
strands are getting separated, then new strand, this own strand is the template strand for
synthesis of the new strand. And this way, this new strands are synthesized and when this
new strands are synthesized .It has got one old the template strand, parental strand and

new synthesize strand.
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Dirvetion of Replication
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And these are called the semi conservative type of D N A replication. The enzyme
helicase unwinds the several section of the parent D N A at each open D N A section

called a replication fork.

So, here this is the open up form that is the replication form of D N A. Polymerase
catalyzes the formation of 5 prime to 3 prime ester bond of the leading strand. So here
this is the parental strand got opened so one end is the 3 prime end another is the 5 prime

end. This is the one parental strand, this is another parental strand.

Now, there is a leading strand and another is the lagging strand. So when 3 prime to this
3 prime end is there so 5 prime to 3 prime, this leading strand is start synthesizing and
they form the complimentary base pair of this particular new strand. Where as in the
lagging strand which grow from 3 prime to 5 prime direction is synthesized a small short
section of this nucleotide base pair. And that is called the okazaki fragment ,this okazaki
fragment with the help of inside D N A ligase they join and to form a single 3 prime to 5

prime strand .And in this way the replication process is taking place in D N A.



(Refer Slide Time: 37:30)

Ribonucleic Acid (RNA)
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That means the replication means D N A to D N A .So from one parental strain the
template is that is used as the template and new synthesized strand is taking place.
Coming to this ribonucleic acid or the R N A, R N A is the most abundant than D N A.
There are several important differences between R N A and D N A. The pentose sugar in
R N A is ribose and in case of D N A is deoxyribose. In R N A uracil replaces the base
thymine that means U pair with a R N A is single stranded .While D N A is the double

stranded R N A molecules are much smaller than the D N A molecules.

If we categorize this R N A ;then we can differentiate this R N A as ribosomal R N Aorr
R N A ,messenger RN Aorm R NAand transfer RN Aorthet R N A.
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Now, if we see in the R N A molecules the different types, different compositional
variation of these 3 R N A's. Ribosomal R N Aor r R N A of the total R N A present, it
constitute 75 percent .Where as m R N A is the 5 to 10 percent and t R N Ais 10 to 15
percent of the total R N A which is present. If we see the functions of these particular R
N A in the cell inside the cell, then we can find that r R N A is the major component of
the ribosome. M R N A carries the information of protein synthesis from the D N A in the
nucleus to the ribosome .And t R N A brings amino acid to the ribosome for protein

synthesis.
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So,this way this this R N A different. R N A's are doing a very important role in cell
system. Ribosomal R N A when we are talking about this, is the ribosomes are the side
for the protein synthesis .They consists of ribose, they consists of ribosomal R N A 65
percent and protein 35 percent .The function of r R N A is to provide a mechanism for
decoding m R N A into amino acids and it interact with the t R N A during translation by
providing peptidyl transferase activity. R R N A is the most conserved and that is the
reason why now a days we rely upon the r R N A data for identification of any unknown
species..
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So, this is the most important part of r R N A. Messenger R N A is the m R N A carries
the genetic code to the ribosome .They are strands of R N A that are complimentary to

the D N A of the gene ,for the protein to be synthesized.

There are another type of R N A called small interfering R N Aor itis calledsi R N A.
There are the classes of double stranded R N A molecules, 20 to 25 nucleotide despaired
in length. S i R N Ais involved in the R N A interference, that is R N A i activities path
way .Where it interfere with the expression of a specific gene, they have implicated in
the wide range of functions such as cell growth or apoptosis. That is programmed cell

death, development of neuronal plasticity, remodeling and even insulin secretion.
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Transfer RNA
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Now, coming to the t R N A, transfer R N A translate the genetic code from the
messenger R N A and bring specific amino acid to the ribosome for protein synthesis.
Each amino acid is recognized by one or more specifict R N A. T R N A has a tertiary
structure that is L shaped ,one end is attached to the amino acid and the other bind to the

messenger R N A by the 3 base complimentary sequence.

(Refer Slide Time: 42:45)

Structure of t(RNA

‘Jl'rr:q'!i'-lmm1 phiimspiate gEoup

The X kad 18 & cyiesine=cviosine-adonme seqoence ot the ¥
endd ol the IRNA molecule. This sequence is imporiant for the
pec ol b “hﬂﬁ-l‘::}h by onrvmes ﬂ“mu trm-lltlwﬁ“‘lx
pkarvotes, CAh BCiUeIcS W ATans i soume 1R

e s, In st otk TN As and cularyotic RN As the
CUA sequence i silded during proscasing amd herefon: doss not

appear in e IEMNA gene,

The [} arm i a 4 bp stem ending in o boop that oflen contams
dibry drvariadine:

The anticodon arm is o Sbp stem whose loop comtains e
andscodom

The T arm 1= a 5 by stem conbammg the soquance TFC whae T
i 0 prcudouridine




If, we see the structure of t R N A ,it has got a 5 prime terminal phosphate group .That
this particular t R N A has a C C A tail that is cytosine cytosine adenine sequence at the 3
prime end of the t R N A molecule .This sequence is important for the recognition of t R
N A by enzymes critical in translation .In prokaryotes the C C A sequence is transcribed
in some t R N A sequence, in most prokaryotic t R N A and eukaryotict R N A’s, the C C
A sequence is added during processing .And therefore, does not appear inthe t R N A

gene.

Thist R N A has a d arm that is four base pair stem ending in a loop that often contain
dihydrouridine. It has got also anticodon arm that is 5 base pair stem, whose loop
contains the anticodon .And it has got also a t arm, that is the 5 base pair stem containing

the sequence that is t (()) C where psi is the pseudouridine.
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So, as | have told you already, that it is the t R N A which is L shape .See this is the L
shaped t R N A .If we see this is the loop, where this anticodon loop is there. And if we
see the structure, that see in the 3 prime end of this particular hydroxyl group, one C C A
group is there. It forms the ester bond to the amino acid and this is the acceptor stem, and
it has also got a 5 prime end .As | have already discussed that | have also told you that it

has got that loops, that one is the d arm another is the t arm .And another is the



anticodon, and this anticodon arm is the 5 base pair stem..

(Refer Slide Time: 45:50)

Transcription
Several T:u ocetr dunng trnscription

= o seghion of DA containing the pene unwinds

- ai mENA i svathesized vsing complementany base pairing
with uracil (L) replacing thaymimes 1)

= the mewly formed mEMA moves ol of the puclous o
nbosines e cvloplasn and the DRA re-vands

And it sends the messenger R N A which is coming with the polysome and forming the
nucleotide. And it is sensing the amino acid for this particular that m R N A and this is
the importance of this particular t R N A. And it brings the amino acid to that particular
sight. Coming to this transcription that several steps occur during transcription, a section
of D N A containing the gene got unwind ,the m R N A is synthesized using
complimentary base pairing using uracil . That is U replacing the thymine, that is T the
newly formed m R N A moves out of this nucleus to the ribosome in the cytoplasm and
the D N A rewind.
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Protein Synthesis

= The two muin processes mvolved i protein syoithesis ane
= fhe Formation of mENA from DA (ranscription)
= ihe conversom by TEMNS 0 proderm af the nbosome Dbraneslationg

* Transcription takes plece in the nuelous while ranslation takes
place m the cvioplasm

So, if we see | have already discussed that the D N A replication is taking place in the

nucleus..
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D N A replication is taking place, transcription when it takes place, D N A form the m R
N A. When m R N Ais formed m R N A comes out of this nucleus, to this outside of the



cell and it is coming to the cytoplasmic field of the cell. And these two main processes
involved in protein synthesis are the formation of m R N A. From this D N A that is the
transcription and conversion of t R N A to proteins at the ribosome that is the translation

transcription takes place in nucleus, while translation takes place in the cytoplasm.

So, as soon as m R N A is formed, m R N A is coming out from this nucleus to the
cytoplasm. Where this translation is taking place? So, here if we see the transcription
central dogma of the cell ,see here replication is taking place .D N Ato D N A is the
replication ,when D N A is undergoing transcription it forms D N A, forms thism R N A.
When m R N A is formed, this m R N A comes out from this nucleus to the cytoplasmic
field. Where actual protein synthesis is going on and these amino acids are producing
this protein from the translation process ,which is going on in the cell with the help of

this nucleic acid.
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Now, coming to this genetic code, the genetic code is composed of nucleotide. Triplets in
some, in other word 3 nucleotides of m R N A ,that is specify one amino acid in a
particular protein .So, what we can tell that 3 nucleotide. If a codon , which specify what
one particular amino acid ,one codon is specify with one particular amino acid. The code

is non-overlapping, that means there is no over lapping of this particular code, this means



that successive triplets are read,in order each nucleotide is part of only one triplet codon..

The genetic code is unambiguous, each codon specifies a particular amino acid and only
one amino acid for example, the codon a C G codes for the amino acid threonine and
only threonine. The genetic code is degenerate in contrast, each amino acid can be
specified by more than one codon .Each code is nearly universal in nature, almost all
organisms in nature from bacteria to human being are exactly the same genetic use,
exactly the same genetic code. The real exceptions include some changes in the genetic
code of mitochondria and in a few protozoan species.
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Now, coming to this m R N A codon and associated amino acids. So | have already told
that this genetic codes are the triplet codes, so if we are taking this first letter, second
letter and third letter, this that nitrogenous base pairs, that see here, how these codes are
formed? That C U C A G this is first letter U C A G and this is the third letter U CA G.

Now, if we form this genetic code, then 3 letter triplet codes are there UU U, U U C ,U
UAUUGseeUUU,UUC, UUU,UUAand U U G .So, these are the codes triplet
codes. Now, in reality, we have four base pairs and 3 nucleotides; form this one code, so
in nature we have sixty four such nucleotides. These codes which are coding this amino



acid. But, in reality, what is happening in reality? We have only twenty standard amino
acid. | have already two and they form this permutation and combination with their

permutation and combination, these proteins are formed.

So, what is happening in reality? If this 64 codons are there and twenty amino acids are
there. And if each codon are responsible for coding , only one amino acid, then what will
happen? There will be 44 such codons that this codons ,for which codons will be there
.S0 during protein synthesis, when it will be coming with any permutation and
combination and if this forty four codons. If there is no amino acids are there, so any
point of time when such codons will be coming, no amino acids will be there for such
type of codon .And any time this protein that chain synthesis will get terminated ,but, in
reality it is not happening like that. That means, what is there in reality? For each codon

there are certain amino acids which are there.

Say for example, for GG U ,G G C, G GA, G G G ,for this four codon only one amino
acids are there, the which is coding glycine AGU AGC,AGA AGG.See AGUAG
Cis serine. AG AA G G is arginine, and in this way for this natural this 64 codon there
are certain amino acids which are coded. And that is the reason why it is called it is the
the, it is degenerating. So when but, there are some exceptions like a U G is the start
codon which codes for the methionine and U A A ,U A G U G A are called the stop
codon. And only one code which only codes the trypsin is the U G G , this is the

exception of the genetic code.

Now, if we see another example, say we can let us take any example CGU,CGC,CG
A, C G G Now, here if we see this four codons are coding one amino acid that is
arginine. If we see that see this first two codons are same for this particular amino acid,
but, the third codon is varying. In case of glycine also you see first 2 codons are constant,
same for the, whereas, the third amino acid is varying. That means the third codon is not
that important, that third nucleotide base pair is not that important for this particular
recognition of this amino acid? But, first two are very important and that is the reason
that first two are constant for identify the particular amino acid, and that is called the

wobble hypothesis of genetic code.
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Reading the Genetie Code
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Pro—Ser—Gily—Leu

Comrect form of wiling a codon
BCCTAGTGGACTTTY

Now, if we come to this reading of this genetic code ,suppose we want to determine the
amino acids coded for this following section that is 5 prime C C U dash AG C dash G G
A dash C C U dash 3 prime .Where we know prolineisC C U .G G Aiis glycine AGC

is serine and C U U is leucine.

Now, if we want to write this proline, serine ,glycine ,leucine .We can write but, when we
are writing the actual codon ,we have to have the 5 prime CCU,AGC ,GGA,CUU
and 3 prime. While writing this codon there should not be any punctuation, any comma,
any full stop, any dash or any such type of use of punctuation, while writing the genetic

code .And this is the correct way of writing the codon.
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Nowadays, 16 s r R N A for prokaryotic and 18 s r R N A is used for identification and
characterization of unidentified living organisms. As because, they are conserved in
nature, R N A being conserved in nature, such identification are considered to be the
most reliable. Nucleic acid and nucleus present inside the cell behaves as the brain of the
system, as the entire cellular metabolism is controlled by the end product of the central
dogma. That is the protein and with this, today concluding my lecture and | have tried to
give you some idea about that, How cell is undergoing division, cell division, growth,
replication and reproduction is going on with the help of this nucleic acid this D N A and

R N A molecules?

In my next class, | will discuss about another macromolecules, which is playing a

significant role in cellular activities, that is the lipid molecules. Thank you very much.



