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Nucleic Acids

® Nucleic acids are molecules that store information for
+cellular growth and reproduction

" There are two types of nucleic acids:

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

" These are polymers consisting of long chains of
monomers called nucleotides

" A nucleotide consists of a nitrogenous base, a
pentose sugar and a phosphate group:

=
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Nucleic Acids

N
N

DNA and RNA are nucleic acids, long, thread-like polymers
made up of a linear array of monomers called nucleotides

All nucleotides contain three components:
1. A nitrogen heterocyclic base

2. A pentose sugar Puri
: urine or
3. A phosphate residue pyrimidine
base

Phosphate

Pentose
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!Nucleic Acids g ik
" Function: i j’;f
+ genetic material \ g
IIIIIIIII 1. stores information %"i

¢ genes

¢ blueprint for building proteins
= DNA — RNA — proteins

DNA 2. transfers information

¢ blueprint for new cells
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Nucleic Acids

" Examples:
+ RNA (ribonucleic acid)
= single helix
+ DNA (deoxyribonucleic acid)
= double helix

= Structure:
¢ monomers = nucleotides

N

N\ DNA RNA



Nucleotides

OH H
Deoxyribose (in DNA)

N

HG!E‘:H2 OH
4k H H 31
OH OH
Ribose {(in RNA)

" All nucleotides contain three components:
¢ nitrogen base (C-N ring)

¢ pentose sugar (5C)
= ribose in RNA
= deoxyribose in DNA

+ phosphate (PO,) grour

itrogen base
I'm the
AT,C,GorVU

Are nucleic acids
harged molecules?

-

Pentose
sugar
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Chemical Structure of DNA vs RNA

N

Ribonucleotides have a 2’-OH
Deoxyribonucleotides have a 2’-H

Purine or
pyrimidine
base

Phosphate O

Pentose

AP Biology



Pentose Sugars

" There are two related pentose sugars:

- RNA contains ribose
- DNA contains deoxyribose

" The sugars have their carbon atoms numbered
with primes to distinguish them from the nitrogen

bases
Pentose sugars in RNA and DNA

N

N
L

5' 5'
HOCH, OH HOCH, OH
o 0

4' : i 4' 1
T N N Tl Nooxgen
OH OH OH H
to this carbon

Ribose in RNA Deoxyribose in DNA



Types of nucleotides

= 2 types [have different N bases]
1. purines

double ring N base el
. NH (8]
adenine (A) L I
_ MN~c"sn MN—c""nH
_Cluanlne (G) HC\‘H-""'Tl-'l'x ,r"tl:H HCRN-"AH x'f'l::*-a.
N NF H N7 NH,
Ada:inu Guagina
2. pyrimidines
. . Pyrimidines
single ring N base ” . o
. 2 I
cytosine (C) Eoon an-Cae T
. I | I [
thymine (T) L OH O CH O CH
uracil (V) " § "

. Cytosine Thymine {in DNA) Uracil {in RNA)
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Nucleic polymer

= Backbone
¢ sugar to PO, bond

+ phosphodiester bond

= new base added to sugar of
previous base

= polymer grows in one direction

+ N bases hang off the
sugar-phosphate backbone

Dangling bases?
Why is this important?
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Directionality of DNA

" You need to (& ;\.I nucleotide
number the A 4
carbons!

¢ it matters!

This will be
IMPORTANT/




. The DNA backbone

" Putting the DNA
backbone together

o refer to the 3’ and 5’
ends of the DNA

= the last trailing carbon

Sounds trivial, but...
this will be
IMPORTANT!/




EEE
Bonding in DNA

N

hydrogen
bonds
covalent
phosphodiester
bonds

....Sstronqg or weak bonds? Why?
Reme[pber Hydrogen Bonds A-T (2) and C-G (3)



DNA molecule
= Shape:
®" Double helix

+ H bonds between bases

join the 2 strands
=A=T
=C::G

H bonds?
Why is this important?

y
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Another interesting note...
= ATP

N

Adenosine triphosphate e
N e

Va2

?_ £|)' | HC\N_J(!;N _,}.,(|:H

N

Ribose

+ modified nucleotide

- adenine (AMP) + Pl + Pl Nitru.ggngus
base
. NH, 0
HOCH, 5 OH & m
I I I MN~csn
"0-P-0-"0-P-0--0-P-0—+ LM + "{,& b - 0=P=0——CH,
0- 0- 0- OH O ‘ot o
Phosphat Ribose (in RNA) Adenine Phosphate
. osphate group Pentose
AP Biology group sugar




|3 differences between DNA and RNA
DNA structure RNA structure
" Has deoxyribose " Has ribose as a
as a sugar sugar instead of
= Double strand — deoxyribose
double helix " |s generally single-
" Has thymine as a stranded
base " Has uracil instead

of thymine
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|Scientists:

* Erwin Chargaff — studied amounts of
nitrogenous bases in DNA (base pair
rule)

* Rosalind Franklin — 1952 — X-ray
diffraction to get pattern from structure
of DNA - Responsible for the molecular
structure

e James Watson & Francis Crick — 1953 —
published model and paper on DNA
structure as a double helix
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Nucleotide Function

N
N

1- Building blocks for DNA and RNA

2- Intracellular source of energy - Adenosine triphosphate
(ATP)

3- Second messengers - Involved in intracellular signaling
(e.g. cyclic adenosine monophosphate [cAMP])

4- Intracellular signaling switches (e.g. G-proteins)
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* [t is the order of these base pairs that determines
_genetic makeup

* One phosphate + one sugar + one base = one nucleotide

* Nucleotides are the building blocks of DNA —
hus, each strand of DNA is a string of nucleotides

Phosphate

Nitrogenous
Base
(AT,C or G)
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Sanger dideoxy sequencing incorporates dideoxy
nucleotides, preventing further synthesis of the DNA
strfnd

O O O

| |
_Oﬁ’Of’Oﬁ’OCHQO 'Base
O 0 O
H H
H H
H H
ddNTP analog
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base (purine. pyrimdine) +ribose (deoxyribos
N-glygosyl linkage

nucleoside+phogphate
phosphoester linkage

nucleotide
phosphodiester linkage

nucleic acid



Purine or
pyrimidine
base

Phosphate - o_plo—CH 2 O B
I
O

Pentose
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Nucleotide Structure - 1

Sugars
D
N
HOCH2 OH
o
Generic Ribose Structure
Ribose
; |
p® OH OH
a
= HOCH2 OH
o
N.B. Carbons are given numberings as a prime
Deoxyribose
OH H
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Purine and Pyrimidine

N

" Pyrimidine contains two pyridine-like nitrogens in
a six-membered aromatic ring

= Purine has 4 N’s in a fused-ring structure. Three
are basic like pyridine-like and one is like that in

|c>y7 1 N
Z N N
\N N 3 N

9 H 3

Purine Pyrimidine
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Nucleotide Structure - 2
Bases - Purines

N
N
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NH, o,
c' ]
-~ _-N o~ _-N
N ¢\ HN ¢\
| | CH | !_ /CH
HC\N/C\N/ /C\N/ ~\
H H;N H
Adenine Guanine

Purines
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Nucleotide Structure - 3
Bases - Pyrimidines

N
N

H3C
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Cytosine

AP Biology

Thymine
(DNA)
Pyrimidines




N
N
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2
_ ® S N_ . ¥, N
N G N\ HN N\
| | CH | CH
HEG., G \I I ¢ g, 1 ’\J/
N 3 [ % ' \
H HoN H
Adenine (Guanine
Purines
; =g
o OH; 2O PN
HN i? 4 ‘\|I = CH HI\IJ L[H
. |
= C N s L [{ 7 C s £ (‘ H Z (1 S, //(’H
O N O N N
H H H
Thymine Cytosine Uracil
(DNA) (RNA)
Pyrimidines




H!!rogen !ases

= The nitrogen bases in nucleotides consist of two general
| types:

| - purines: adenine (A) and guanine (G)

- pyrimidines: cytosine (C), thymine (T) and Uracil (U)

Pyrimidines
O
<SS -~ H (U\ -~ H
- N N
|
: /KO TI/KO

-3
|

H H
Cytosine (C) Thymine (T) Uracil (U)
(DNA and RNA) (DNA only) (RNA only)
Purines
NH,

N
<

| v

H

AP Bic Adenine (A) Guanine (G)

(DNA and RNA) (DNA and RNA)



Nucleotide Structure -4
Bases - Pyrimidines

N
N

Thymine is found ONLY in DNA.
In RNA, thymine is replaced by uracil

Uracil and Thymine are structurally similar

Uracil o
NH
0 o — U
N (o)
I
H
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Nucleotide Structuye - 4
Base-Sugar-PO4

N
N

OH

Monophosphate
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Nucleotide Structure - 4
Phosphate Groups

N
N

Phosphate groups are what makes a nucleoside a nucleotide

Phosphate groups are essential for nucleotide polymerization

Basic structure:

AP Biology



Nucleotide Structure - 4
Phosphate Groups

N
N

Number of phosphate groups determines nomenclature

Monhophosphate

e.g. AMP 0

O P O CH2

Free = inorganic phosphate

(Pi

(o)
Diphosphate (o) 0
e.g. ADP

O P o P o) CH2

Free = Pyro- phosphate
(PPi) (@) O
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Nucleotide Structure - 4
Phosphate Groups

N
N

Triphosphate
e.g. ATP o o O

O P o P O P O CH2

No Free form exists
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= A nucleoside consists of a nitrogen base linked by a
& glycosidic bond to C1’ of a ribose or deoxyribose

" Nucleosides are named by changing the the nitrogen
base ending to -os/ne for purines and —idine for
pyrimidines

= A nucleotide is a nucleoside that forms a phosphate
ester with the C5’ OH group of ribose or deoxyribose

" Nucleotides are named using t pycleosides

nucleoside followed by 5’-mon . %
an)
HO—CH, W~y
PR ‘,
\_/n Adenosine

oH oHiH) Deoxyadenosine
Nucleotides y

“__ .'."r
() & ]l “N
s NN

|
’ u\_/ Adenosine 5'-monophosphate (AMP)
ov onpy Deoxyadenosine 5-monophosphate (dAMP)



dmes Oo1r Nucieoslides an ucieotides

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 (1AMP)
Guanine (G) Deoxyguanosine (G) Deoxyguanosine 5'-monophosphate (dGMP)
Cytosine (C) Deoxycytidine (C) Deoxycytidine 5'-monophosphate (ICMP)

Thymine (T) Deoxythymidine (T) Deoxythymidine 5'-monophosphate (dTMP)
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= Addit’ion_al phosphate groups can be added to the
nucleoside

5’-monophosphates to form diphosphates and

= ATP is the major energy source for cellular activity

5'-monophosphate NH, 5'-diphosphate Tﬂz
N N
] . O 1 1 . O
O—P—OH + HO—P—O0—CH, N® O—P—0—P—0—CH, N”
(0] O <H H O O H H
H H H H + H,0
OH OH OH OH
Adenosine 5'-monophosphate (AMP) Adenosine 5'-diphosphate (ADP)
O
O—P—OH
(0
5'-triphosphate NH,
u A
o) 0 (o) =N
5' </ | )
O—P—0—P—0—P—0—CH, N”
(0 O O H H
H H + H,0
OH OH

AF
Adenosine 5'-triphosphate (ATP)
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