Nucleic Acids

Nucleic acids are:

- molecules that store information for
cellular growth and reproduction.

- deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA).

- large molecules consisting of long chains
of monomers called nucleotides.



Nucleic Acids

The nucleic acids DNA and
RNA
consist of monomers called
that consist of a
pentose sugar.
nitrogen-containing base
phosphate.
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Nitrogen Bases

Pyrimidines
The nitrogen bases NH, 0 0

in h" H,C H ELH,H
DNA and RNA are ?An ‘; 5 T/L*n
- pyrimidines C, T, 4 H H

Cytosine (C) Thymine (T) Uracil (U)

and U. (DNA and RNA) (DNAonly)  (RNA only)
H Purines
purines A and G. =y "
Aok |
N
| "éj | NH,
H H

Adenine (A) Guanine (G)

(DNA and RNA) (DNA and RNA)
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Nitrogen-Containing Bases in DNA and
RNA

contains the nitrogen bases
Cytosine (C)

Guanine (Q) same in both DNA and
RNA

Adenine (A)

contains the nitrogen bases
Cytosine (C)

Guanine (G) same in both DNA and
RNA

Adenine (A)
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Pentose Sugars

The
-in  NA is ribose.
-in  NA is deoxyribose with no O atom on

carbon 2’.

- has carhnn atnme< niltmherad with nrimes to
Pentose sugars in RNA and DNA

distii _ " trogen
base HOCH, OH HOCH, OH
4 ; a
H H H H
H T H H e H No oxygen
c;iH an C?H e hnn’{!%d

to this carbon
Ribose in RNA Deoxyribose in DNA
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For more Visd us: waww. denialiyborin



Nucleosides

A nucleoside

- has a nitrogen base
linked by a glycosidic
bond to C1’ of a sugar
(ribose or deoxyribose).

- is named by changing
the the nitrogen base
ending to - for
purines and
- for pyrimidines.




Nucleotides

A nucleotide

- is a nucleoside that
forms a phosphate
ester with the C5’ -
OH group of a sugar
(ribose or
deoxyribose).

- is named using the
name of the

nucleoside followed e =
by

.




Formation of a Nucleotide

A forms when the —OH on C5’ of a
sugar bonds to phosphoric acid.

NH, NH,
| 8
(o] 5' DJ\N :l:l'n 5 G‘J\N
Il f T
O—P—OH + HO—CH, \ — O—P—0—CHy,
o o

OH OH



Nucleosides and Nucleotides with
Purines

Nucleosides Nucleatides

-, -
e ﬂ
OO, *-J ‘ -] r o cu,
.@a Adenosine = i " " «  Adenosine 5-monophosphate (AMP)
oM Obi 4y mu:vmmlnn LT nmuv:d-mru 5'-monophosphale (dAMP)

e, OO ,,.MC#

U Guanosine o ¥ % Guanosine s-monophosphate (GMP)

o oupe  Deoxyguanosine o s Deoxyguanosine 5-monophosphate (dGMP)



Nucleosides and Nucleotides with
Pyrimidines

Nucleosides Nucleotides
.m, MH,
L] ] L]
D), {:’L‘n o~ PO CH, [" o
..dnq_ & S
W %% cytidine W %L cytidine 5-monophosphate (CMP)
o a-nn Deoxyecytidine o4 oon  Deoxycylidine 5'-monophosphate (dCMP)
ﬂ " H Oy
O — i, ) o —F—0—CH, L]

Uridine = o Uridine 5-monophosphate (UMP)

A

¢

H
- a o —Pr—0—GH, o

2

"

Deoxythymidine o Deoxythymidine 5'-monophosphate (dTMP)



Names of Nucleosides and Nucleotides

Base Nucleosides Nucleotides

RNA

Adenine (A) Adenosine (A) Adenosine 5-monophosphate (AMP)
Guanine (G) Guanosine (G) Guanosine 5-monophosphate (GMP)
Cytosine (C) Cytidine (C) Cytidine 5'-monophosphate (CMP)

Uracil (U) Uridine (U) Uridine 5-monophosphate (UMP)

DNA

Adenine (A) Deoxyadenosine (A) Deoxyadenosine 5'-monophosphate (dAMF)
Guanine (G) Deoxyguanosine (G) Deoxyguanosine 5'-monophosphate (dGMP)
Cytosine (C) Deoxycytidine (C) Deoxycytidine 5'-monophosphate (dCMP)
Thymine (T) Deoxythymidine (T) Deoxythymidine 5'-monophosphate (dTMP)

Timberisks, Genersl Oepane, and Biodopieal Chemitry, Copyrght © Pearson Educabion inc., publishing s Bangesin Cummings
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Primary Structure of Nucleic Acids

In the primary structure of nucleic acids

- nucleotides are joined by
phosphodiester bonds.

- the 3’-OH group of the sugar in one
nucleotide forms an ester bond to the
phosphate group on the 5’-carbon of
the sugar of the next nucleotide.



Primary Structure of Nucleic Acids

Free 5' phosphate

Free 3' hydroxyl

Tirbariahn, (erara, Crganic, and Bolapcsl Chemistry, Coppright © Paarscn Bducation ine. pubsisting as Banjarmin Cummings




Structure of Nucleic Acids

A Free 5' end
- has a free 5’-phosphate %
group at one end and a o M B
free 3’-OH group at the '
other end. &
- is read from the free 5'- (
end using the letters of 5
the bases. ol
- This example reads .Q
—A—C—G—T—. p -

Free 3' end
For more Wiss us: www, dendaliybos in 14



Example of RNA Structure

The primary IERERERY o
structure e ¢f~
of RNA, o-t-0-Gh , W anie
_is a single = T
strand of ombo iy . PN Crosine(c)
Euclenﬂd(e:s E.rith b Lo .
ases A, L, L, 3-5' Phosphodiester "y uﬂH o
and U. o 0P 0 CH, *m, Guanine {G)
- is linked b s ,.'t. Wl
phosophodieste ? O
r bonds between 5 :"' Plg Tovad
ribose and W
phosphate. o

Copyright © 2005 by Pearson Educaian, Ine.
Publkshing as Benjamin Cummings
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Example of DNA

DNA (deoxyribonucieic acid)

Froe 5 HH,
In DNA, oy QA
. | [
- nucleotides OmP—0—cH, ~‘T Adenine (A)
containing Ty -
O H
o ACE 1 O e
H ¢ H H Q
linked bv 3-§' Phosphodiester] 0 M e
ester bonds 0-p—0-Gi, ”‘m, Guanine (G)
between o @ i
deoxyribose Ry Hﬁ‘j
| ] -
sugars and SRRy Y ThetD
!
phosphate .@.
groups. Capri 201 by Pasnn Ecaton e Froa3
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DNA Double Helix

- is the structure of DNA.

- has two strands of nucleotides that wind
together.

- is held in place by of two hydrogen bonds
that form between the base pairs A-T.

-is held in place by three hydrogen bonds
that form between the base pairs G-C.

For more Visd us: wowew denialiubor in



Complementary Base Pairs

DNA contains in which

Adenine is linked by two hydrogen bonds
with thymine (A-T).
Guanine is ~ linked by, three hydrogen with
Cytosine (G-C)."» # " [ "

.».f.:i'h_ __...-"-- fT-..f .\‘.\{..' - i

L k .:.H‘\ ) -
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Double Helix of DNA

In the of
DNA

two strands of
nucleotides form a
double helix
structure like a spiral
stair case.

hydrogen bonds link
bases A-T and G-C.

the bases along one

strand complement g
the bases along the & :z
other. St s il A

Pubkshing as Banjamin Cummings v
Fior more Visil us: www.dentaltwior.in
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DNA Replication

genetic information is -
maintained each time a iy
cell divides.

the DNA strands -4
unwind. —mo

each parent strand o
bonds with new f& By
complementary bases. [* « A%
two new DNA strands &

form that are exact o
copies of the original Tk
DNA. Copyright © 2005 by b ; L SO

Pearson Educaton, Inc. T |
Publishing as Benjamin
i, >
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RNA

transmits information from DNA to make proteins.
has several types
(mRNA) carries genetic
information from DNA to the ribosomes.
(tRNA) brings amino acids to the
ribosome to make the protein.
(rRNA) makes up 2/3 of

ribosomes where protein synthesis
takes

place.



Types of RNA

Types of RNA Molecules
Percentage

Type Abbieviation o Total ENN FURICHOW i tive Cen

Ribosomal RNA rRNA 75 Major component of the ribosomes

Messenger RNA mRNA 5-10 Carries information for protein syn-
thesis from the DNA in the nucleus to
the ribosomes

Transfer RNA tRNA 10-15 Brings amino acids to the ribosomes
for protein synthesis

Timbaraan, Gereral Orpanc and Bologeal Chemairy Copynghl © Pearson Education inc | publshirg a3 Bengmin Commeran
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tRNA

Each
- has a triplet called
an anticodon that
complements a
codon on mRNA.

- bonds to a specific
amino acid at the
acceptor stem.

-

For mora Visd us; www. dentalibor.in
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Protein Synthesis

Protein synthesis involves

-

MRNA is formed from a gene on a DNA

strand.

tRNA mnleriilec hrina aminn aridc tn

mk _’_\mm Tranacrition
rM §

Copynight @ 2005 by Pearson Education, inc, ||
Publishing ms Benjamin Cummings
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Transcription: Synthesis of mRNA

During

- a section of DNA containing the gene
unwinds.

- one strand of DNA bases is used as a
template.

is synthesized using complementary

base pairing with uracil (U) replacing
thymine (T).

- the newly formed mRNA moves out of the

nucleus to ribosomes in the cytoplasm.

For mors Visd us: www denialiubod in 28



RNA Polymerase

During transcription,
moves along the DNA

template to synthesize the corresponding
MRNA.

RMA polymerase

Tirnirinng (Jarirs Orpane: and Baiogecsl Charmisy, Copynhghl © Peirion Educaton Ing | gublisteng ki Bemgirmen Cummrgs
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Protein Synthesis: Transcription

Copyright © 2005 by Paarses Education, Ine.
Publishing as Bonjamin Cummings
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Genetic Code

The

is a sequence of amino acids in a mRNA
that determine the amino acid order for
the protein.

consists of sets of three bases (triplet)
along the mRNA called codons.
has a different codon for all 20 amino
acids needed to build a protein.

- contains certain codons that signal the
“start” and “end” of a polypeptide chain.

For mors Visd us: www dienialiubor in 29



The Genetic Code: mRNA Codons

Second Letter
First Third
Letter L} C G Letter
vy ucu Um} um_l} U
9 m.nc]’““' vee ke, Tyr vac | O c
Wﬁ}m UCA UAA UGA STOP A
UuG UCG UAG smp UGG Trp G
cuu ocu cnu} _— CcGU U
c cuc Ci oCC Pro CAC CGC c
CUA CCA CAAY Gio oG [Ae A
cuG oG GG G
ALL ACL AAL AGU u
P A.UC}EI: ACC | .n.m:}"'"” m:}sﬁ c
AUA ACA AAAY AGAY \ o A
SAUG  Methstan ADG AAG AGG G
GUU GCU mu]_ ym Gou U
G GLUC Val GOC AC GGC Gl C
GUA GCA GAAL c GGA [V A
GUG GCG GAG GGG G

* Condon that shgnals the start of a peptide chain. STOWP codons signal the end of a peptide chain.
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Codons and Amino Acids

Determine the amino acids from the following
codons in a section of mRNA.
—CCU —AGC—CGA—CUU—

At:ﬁnrding to the genetic code, the amino acids for
these

codons are
CCU = proline  AGC = serine
GCA = glycine CUU = leucine

This mRNA section codes for an amino acid
sequence of —CCU —AGC—GGA—CUU—

—Pro — Ser — Gly — Leu —



Initiation of Protein Synthesis

For the of protein synthesis
-a mRNA attaches to a ribosome.

- the start codon (AUQ) binds to a tRNA with
methionine.

- the second codon attaches to a tRNA with
the next amino acid.

- a peptide bond forms between the adjacent
amino acids at the first and second codons.

For mors Visd us: wwew denialiubor in a2



Translocation

During
- the first tRNA detaches from the ribosome.

- the ribosome shifts to the adjacent codon on
the mRNA.

- a new tRNA/amino acid attaches to the open
binding site.

- a peptide bond forms and that tRNA
detaches.

- the ribosome shifts down the mRNA to read
next codon.

For more Visd us: wwew dienialiubor in a3



Peptide Formation

L)
O -

U

C

ALA

I Uuu

' Lw
A G

AUG  UCU ::Jc ucu

Ccuc
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Protein Synthesis
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Termination

In the step
- all the amino acids are linked.

- the ribosome reaches a "stop” codon: UGA,
UAA, or UAG.

- there is no tRNA with an anticodon for the
“stop” codons.

- the polypeptide detaches from the
ribosome.



Summary of Protein Synthesis

To summarize protein synthesis:
A mRNA attaches to a ribosome.
tRNA molecules bonded to specific amino
acids attach to the codons on mRNA.
Peptide bonds form between an amino acid
and the peptide chain.
The ribosome shifts to each codon on the
MRNA until it reach the STOP codon.

The polypeptide chain detaches to function
as an active protein.
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Mutations

A mutation can
- alter the nucleotide sequence in DNA.

- result from mutagens such as radiation
and chemicals.

- produce one or more incorrect codons in
MRNA.

- produce a protein containing one or more
incorrect amino acids.

- produce defective proteins and enzymes.
- cause genetic diseases.

For mors Visd us: wwew denialiubor in a8



Examples of Genetic Diseases

Galactosemia

Cystic fibrosis
Downs syndrome
Muscular dystrophy
Huntington’s disease
Sickle-cell anemia
Hemophilia
Tay-Sachs disease

i)



Normal DNA Sequence

The normal (a) Normal DNA and protein synthesis

DNA sequence

produces a (coding srand) LTTFTTHTTTFITT‘T]
mRNA that Tranacription J

provides

instructions for mANA Aﬂ”‘l - I-IE-—“,“
the correct T l ‘ J
series of amino e (B L~ =

acids in a =) Aminoscid (Net)-{lye)(phe)-(ay) [
protein.

40



Mutation: Substitution

Substitution
+ of a base in () substitution of one base

DNA changes suhnﬂluﬂunnfcth
a codon in A -
the mRNA. {coding:lrand} TETTEI:ITEII

- of a different

’Eg%ﬁg i mANA A_&_&-l vuuall sy s
placement ?f —

dan ncorrec

amino acidin  Ammescd (Met):{iys)-(Pre (88
polypeptide. _— 7



Frame Shift Mutation

In

- an extra bﬂSE (c) Frameshift mutation caused by

p the deleti fa ba
adds to or is B

deleted from the . un m?lh::];IfTTf'II'TF"I T

normal DNA
sequence.
- all the codons in

acids are
incorrect from
the base change.

e~ u Lﬁ'““l.ﬁ&

mRNA and amino Met — Lys Leu | Ala

42



Viruses

Viruses

- are small particles of DNA or RNA that
require a host cell to replicate.

- cause a viral infection when the DNA or
RNA enters a host cell.

- are synthesized in the host cell from the
viral RNA produced by viral DNA.

43



Viruses

Cellular
mes
make viral
proteins and
viral DNA,
which

assemble
into viruses.
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Reverse Transcription

In reverse transcription

- a retrovirus, which contains viral RNA,
but no viral DNA, enters a cell.

- the viral RNA uses reverse transcriptase
to produce a viral DNA strand.

- the viral DNA strand forms a
complementary DNA strand.

- the new DNA uses the nucleotides and
enzymes in the host cell to synthesize

new virus particles.
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Reverse Transcription

For more Visd us: www.dentaliubos.in



HIV Virus and AIDS

The

- is a retrovirus that
infects T4
lymphocyte cells.

- decreases the T4
level and the
immune system
fails to destroy
harmful
organisms.

- causes pneumonia

in cancer

For more Visi us; www.denialiutor.in
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AIDS Treatment

- One type of AIDS treatment prevents reverse
transcription of the viral DNA.

- When altered nucleosides such as AZT and ddl

are incorporated into viral DNA, the virus is
unable to replicate.

48



AIDS Treatment

H
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AIDS Treatment

- Another type of AIDS treatment involves
protease inhibitors such as saquinavir,
indinavir, and ritonavir.

- Protease inhibitors modify the active site of

the protease enzyme, which prevents the
synthesis of viral proteins.

Inhibited by Inhibited by
AZT; ddl protease
inhibitors
reverse

o0 criptase protease

e Ty e dentatustorin Viral
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