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Objectives

After learning this topic, you will be able to:

» define the composition and derivatives of
nucleotides.

e state functions of nucleotides.
o differentiate the basic unit of DNA and RNA

» define the properties and functions of DNA
and RNA.



Building block of nucleic acids
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Phosphoric acid
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Pentose Sugar
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Pentose Sugar

OH OH OH H

Ribose Deoxyribose

Type of pentose sugar defines the type of nucleic acid.
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Nitrogenous bases and their properties

1. Tautomerization
2. Acid-base
3. Light absorption



Nitrogenous bases and their properties

1. Tautomerization

Tautomers are isomers
of a compound which are
different only in the
position of the protons
and electrons.
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N N
H
“Z N ~ 6 N
Adenine k‘ | \> - = t | \>
\N ” \N u
H H H
NSNS Sn
: NP4 H\N 4
Cytosine 3 | — 3 |
)2\’ ){‘
(o) N (o) N
H H
Amino Imino

(o)
H
~ N N
. N; 6 ~%
Guanine f‘j:\> i N | \>
HoNT XN N .
(0]

H\N A CH; NP CH,
Thymine )i | o )i |
1 1
o N o
H

Lactam Lactim



Nitrogenous bases and their properties

2. Acid-Base (weak)
Base: Nitrogen (N: in the ring) and Oxygen (:O:)
Acid: -NH, , =NH,
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Nitrogenous bases and their properties
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Nucleoside

HOCH, - Nitrogenous
base
(adenine)
H | | H
OH H B-glycosidic linkage
Sugar (Sugar molecule + another group)

(deoxyribose)

Nucleoside = Sugar + Nitrogenous Base



Nucleotide
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Nucleotide = Phosphate + Nucleoside



2'-deoxynucleotide 5'-phosphate

(DNA form)
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>> Continue in “Metabolism of Nucleotides”
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Phosphate (Phosphoric Acid)

deoxyribose ribose
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Ribonucleotides
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Nucleotide: Adenylate (adenosine Guanylate (guanosine Uridylate (uridine Cytidylate (cytidine
5'-monophosphate) 5'-monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbols: A, AMP G, GMP U, UMP C., CMP
Nucleoside: Adenosine Guanosine Uridine Cytidine
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Deoxyribonucleotide
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Nucleotide: Deoxyadenylate Deoxyguanylate Deoxythymidylate Deoxycytidylate
(deoxyadenosine (deoxyguanosine (deoxythymidine (deoxycytidine
5"-monophosphate) 5'-monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbuols: A, dA, dAMP G, dG, dGMP T. dT, dTMP C, dC, dCMP
Nucleoside: Deoxyadenosine Deoxyguanosine Deoxythymidine Deoxycytidine
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Applications: Caffeine

with i
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adenosine and caffeine
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« Adenosine — slow down nerve cell activity, vasodilation
« Caffeine — speed up nerve cell activity, vasoconstriction,
Increase heart rate & blood pressure



Our best friend?

Product Average caffeine content (mg/100 ml)
Red Bull® 32.0
Mountain Dew® 15.0
Coca Cola@ Q.7
Diet Coke® Q.7
Coke Zerc® .6
Brewed black tea 22.5
Brewed green tec 121
Coffee, cappuccing 101.9
Coffee, flat white 85,9
Caoffee, long block 4.7
Caoffee, from ground coffee beans, espresso style 194.0
Chocolate, milk with added milk solids 200
Chocolate, dark, high cocoa solids 230

Alcohol and Drug Foundation of Australia, adf.org.au



Two types of nucleic acids
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DNA is a polymer of deoxyribonucleotides.

— = Adenine

1 = Thymine

3 = Cytosine

0 = Guanine
= Phosphate
backbone

Minor groove

Major groove

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Pyrimidines Purines
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Nucleotide with more than 1 phosphate group
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Coenzymes
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Flavin adenine dinucleotide (FAD)



Conclusions

Phosphate Pentose sugar
Acidic properties * D-ribose
« 2’-deoxyribose
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« Coenzymes

Nitrogenous bases
Tautomerization (keto-enaol,
amino-imino)

Acid-base
Light absorption (260 nm)
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Nucleic acids are the polymer of nucleotides.

| Adenine | | Adenine |
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MOLECULAR STRUCTURE OF
MUCLEIC ACIDS

A Sgructure for Deonyribose Mucleic Acid
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Base Pairing

Adenine
Thymine .~ 1H,N

5 o S 3OH
O 0~ NN E
Hogho) NH™ =\ o

Guanine VM2 ~ 5
HO4.
Hydrogen bond H-N,O,F

Base - “complementary base”
DNA strand — “complementary strand”
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Polynucleotide lllustrations
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Hypochromism - a decrease in the absorption of
UV.

Hyperchromism - the UV absorption is increased
when the two single DNA strands are being

separated.



Double helix structure of DNA
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DNA as the Hereditary Material using Streptococcus pneumoniae
(Frederick Griffith Experiment)

“Can material in dead bacteria transform living bacterial cells?'

Mix together: ;
Experiment — - dead S-strain bacteriag?
Virulent Non-virulent Heating kills the virulent ? ) + ) )
S-strain bacteria  R-strain bacteria S-strain bacteria living non-virulent R-strain bacteria®
—_—— = > S G
CL] g - |
5 @ *
o S5 -
\\-k_—_'——’;/J "-—-‘_’\‘A
: - K # = 4
" Bl K
' > . P - '’
> J . 5 A -~ e o | -
Results 1:
. : : . Source:
Mouse dies Mouse lives Mouse lives Mouse dies
nature.com/
Results 2: scitable
Living S strain No bacterial cells No bacterial cells Living S strain
cells found in found in heart found in heart cells found in
heart @® heart @@

; P 35
A chemical substance from dead cells can transform living cells.



The Hershey-Chase experiment
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Mitochondria

Mitochondri

DNA

Histones Nucleosomes

Chromosome
Telomere

p arm

Centromere

garm

Telomere

Chromatid  Chromatid

Cell during Prophase

Source: kintalk.org 37



Cell Division

Prophase

Prometaphase

Metaphase

Anaphase

Telophase

Cytokinesis

* Chromosomes
condense and
become visible

= Spindle fibers
emerge from the
centrosomes

* Nuclear envelope
breaks down

* Centrosomes
move toward
opposite poles

* Chromosomes
continue to
condense

» Kinetochores
appear at the
centromeres

» Mitotic spindle
microtubules
attach to
kinetochores

* Chromosomes
are lined up at
the metaphase
plate

+ Each sister
chromatid is
attached to a
spindle fiber
originating from
opposite poles

* Centromeres
split in two

* Sister
chromatids
(now called
chromosomes)
are pulled toward
opposite poles

« Certain spindle
fibers begin to
elongate the cell

* Chromosomes
arrive at opposite
poles and begin
to decondense

* Nuclear envelope
material
surrounds
each set of
chromosomes

* The mitotic
spindle breaks
down

* Spindle fibers
continue to push
poles apart

* Animal cells: a
cleavage furrow
separates the
daughter cells

» Plant cells: a cell
plate, the
precursor to a
new cell wall,
separates the
daughter cells

https://askabiologist.asu.edu/cell-divI¢iGH'
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http://learn.genetics.utah.edu/content/basics/beyond/
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Deoxyribonucleic Acid (DNA)

Polymer of deoxyribonucleotide

Nuclear DNA + Mitochondrial DNA (human)

AT C, G

5" to 3’ direction, anti-parallel

Double helical with major groove and minor groove
Acidic due to phosphate groups

Light absorption (260 nm) due to nitrogenous bases
Denaturation and renaturation

G+C content affects melting temperature (T,,)



Ribonucleic Acid (RNA)

Polymer of ribonucleotide

Single strand, exceptional case in virus

AU,C,G

Ribosomal RNA, Transfer RNA, Messenger RNA
Secondary structure

Found in nucleus, cytoplasm and mitochondria



Central Dogma of Molecular Biology

DNA
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pre-mRANA - RNA Transcription
CD N A l polymerase
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RNA l
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' Translation

Protein
* (%\tRNA
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