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Nucleic acids

|

DNA, RNA
(consists of nucleotides)

|

Bases
Sugars
Phosphates

Chapter 3 Opener Fundamentals of Biochemistry, 2/e



Tahle 3-1 Names and Abbreviations of Nucleic Acid Bases, Nucleosides, and Nucleotides

Base Base Nucleoside Nucleotide”
Formula (X =H) (X = ribose”) (X = ribose phosphate®)
NH,
N7 N Adenine Adenosine Adenylic acid
|\ | \> Ade Ado Adenosine monophosphate
= N A A AMP
X
O
N N\ Guanine Guanosine Guanylic acid
A | > Gua Guo Guanosine monophosphate
IT] G G GMP
X
NH,
N Cytosine Cytidine Cytidylic acid
A\ | Cyt Cyd Cytidine monophosphate
@) ITI C C CMP
X
@]
H\N Uracil Uridine Uridylic acid
)\ | Ura Urd Uridine monophosphate
(@) ITI U U UMP
X
@]
H\N 2o Thymine Deoxythymidine Deoxythymidylic acid
)\ | Thy dThd Deoxythymidine monophosphate
0 Il\l T dT dTMP
dX

“The presence of a 2'-deoxyribose unit in place of ribose, as occurs in DNA, is implied by the prefixes “deoxy™ or “d.” For example, the deoxy-
nucleoside of adenine is deoxyadenosine or dA. However, for thymine-containing residues, which rarely occur in RNA, the prefix is redundant and
may be dropped. The presence of a ribose unit may be explicitly implied by the prefix “ribo.”

PThe position of the phosphate group in a nucleotide may be explicitly specified as in, for example, 3'-AMP and 5’-GMP.
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The bases of nucleotides

planar, aromatic, heterocyclic molecules

Purine Pyrimidine
Cytosine
Uracil
Thymine

Adenine
Guanine



Sugars

Primed numbers
Dexoyribonucleic acid (DNA)
Ribonucleic acid (RNA)

5’ 5’
HO—CH, O _ OH HO—CH, O_ OH
4H_,_ H1 4H,, H1
H 32"/ H 3’2 H
OH OH OH H

Ribose Deoxyribose
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Dideoxynucleotide for DNA seguencing

B
®—@)—®)—ocH, o —
H H
H H
H H

2',3'-Dideoxynucleoside
triphosphate

figure pg 57
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Template; 3’
Primer: 5

dATP + ddATP
dCTP
dGTP

dATP
dCTP + ddCTP
dGTP

CCGGTAGCAACT
GG 3’

dATP
dCTP

dGTP + ddGTP

5:

dTTP dTTP dTTP
GGCCA GGC GGCCATCG
GGCCATCGTTGA GGCC GGCCATCGTTG
GGCCATC
— A 3’7
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o | T
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— G
- C
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dATP
dCTP
dGTP
dTTP + ddTTP

GGCCAT
GGCCATCGT
GGCCATCGTT

| Sequence complementary
to template DNA
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Nucleosides: base + sugar
Nucleotides: base + sugar + phosphate

glycosidic bond

phosphoester bond ‘
(a) ‘ (b)
5/ Base 5/ Base
H H H H
OH OH 20,0 H

5'-Ribonucleotide 3'-Deoxynucleotide
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The best known nucleotide

Adenpsine

N/
N

o o) 5
[ I =
HP04 + HO-— ||= o— |r —0—CHy g
o~ o~ H H
H H
OH OH

Adenosine diphosphate (ADP)

Unnumbered figure pg 43 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

o) (o) O K

I I I
‘OPOPOII:'OCHzo

I |
o~ o~ o~ H H

H H
OH OH

Adenosine triphosphate (ATP)



......

o A
"0 _0 *
_ _ S it
Nucleic acid structure Il
o]
a\__(CH;)

Polynucleotides: mono-, di-, oligo-

- * o *
> - I - 5
Phosphodiester bond Fo-p—otdiy
a - . ] ] ° N
Direction: 5’-, 3’-ends o . O W v
Tresee” H 7 H NH,
N3/45
a,dl €
(0] 1
S el 55 O SN
A U C G 0—F—0—CH q
o 4'% H A1
H I 2fH
2FOH 2'+OH 2'OH  2'-OH 3" OH 5
3’ 3’ 3 3'[- OH
\ \ \ HNT €3 7N\
P P P P /Q all 98
H,N \N3 N
7
5’ 5’ 5! 5’ 0—P—0—CH o
06 wil Son: . 0 4' 1'

5’-AUCG-3’ ':4;;)3?"02,;%‘_
pAUCG :\‘ 13’ end ..

AU CG Figure 3-3a Fundamentals of Biochemistry, 2/e ”.,_ .. _,"’
© 2006 John Wiley & Sons



DNA double helix

1. Chargaff’s rules
A=T, G=C
GC ratio

2. Bases in tautomeric forms

O>_ Z/:
=
u

I |
R R
Thymine Thymine
(keto or lactam form) (enol or lactim form)
(b) 0 H\O
H )‘IN Z N
N N
HzNJ%N !}I>_ HZNJ%N I}I>_
R R
Guanine Guanine

(keto or lactam form) (enol or lactim form)
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3. DNAis a helical molecule
provided by Rosalind Franklin (p822-823)

X-ray diffraction photograph of DNA fiber
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Watson-Crick model of double helix
3D-structure

two polynucleotide chains forming a double helix J
Antiparallel forming right handed helix ¢ ) 55 Minor
Bases occupy the core:sugar-phosphate chain in the periphery I oove
minimizing repulsion between the charged groups
minor and major grooves
Hydrogen bonded base pairs |
complementary base pairing

groove

Left-handed Right-handed

Figure 3-7 Fundamentals of Biochemistry, 2/e
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Sugar-phosphate Complementary Sugar-phosphate
backbone base pairing backbone

o S

Complementary

Template in replication

(a) H-

(o] 0
H\N)‘]:u'l." N)ICHB
OJ\N H oJ\N H
& &
Thymine Thymine
(keto or lactam form) (enol or lactim form)
(b) o H<
H{ N =z N
N N
J:‘I \>—H ——"] J\ | \>—H
H NSy N HoN" Xy N
R R
Guanine Guanine
(keto or luctam form) (enol or lactim form)
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Chromosome Table 3-3 Some Sequenced Genomes

Genome Genome Size Number of
Organism (kb) Chromosomes
Gene Mycoplasma genitalium 580 1
i i (human parasite)
D I p I Ol d Rickeftsia prowazekii 1512 1
I (putative relative of mitochondria)
H ap IO I d Methanococcus jannaschii 1,665 1
(thermophilic methanogen)
Base pal rS (bp) Haemophilus influenzae 1,830 1
Kilobase pairs (kb) (BT )
Synechocystis sp. 3,573 1
(cyanobacterium)
Escherichia coli 4,639 1
(human symbiont)
Saccharomyces cerevisiae 11,700 16
(baker’s yeast)
Plasmodium falciparum 30,000 14
(protozoan that causes malaria)
Caenorhabditis elegans 97,000 6
(nematode)
Arabidopsis thaliana 117,000 5
(dicotyledonous plant)
Drosophila melanogaster 137,000 4
(fruit fly)
Danio rerio 1,700,000 25
(zebrafish)
Homo sapiens 3,200,000 23

Table 3-3 Fundamentals of Biochemistry, 2/e
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http://www.ncbi.nlm.nih.gov/Genomes/




RNA: single stranded molecule

double stranded RNA is possible (p824)
Intramolecular base-pairing: 3D structure




Structure of yeat tRNAPhe

RNA-DNA hybrid

Figure 23-4 Fundamentals of Biochemistry, 2/e
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Some RNAs are catalysts: ribozymes

Self cleavage at the scissile bond

Scissile
bond

Figure 23-27b Fund Is of Biochemistry, 2/e



RNA Is alkali unstable
DNA 1s acid unstable

wee 5 f_

2',3'-Cyclic nucleotide

HzO)/
Bn

— 0—PO32"

- OH or

HO-

KH 20
Bn

— OH
- 0—PO32"

2'-Nucleotide  3’'-Nucleotide
Box 23-3 Fundamentals of Biochemistry, 2/e

© 2006 John Wiley & Sons



Donald Voet « Judith G. Voet  Charlotte W. Pratt

Fundamentals of Biochemistry
Second Edition

Chapter 23:
Nucleic Acid Structure

Copyright © 2006 by John Wiley & Sons, Inc.



Osmotically lysed bacteriophage T2

Chapter 23 Opener Fundamentals of Biochemistry, 2/e



In ideal B DNA Major groove

Near perfect two fold symmetry
10 bp per turn
Base planes
perpendicular to the axis
3.4A van der Waals thickness

Minor groove

Major groove

Figure 23-1 Fundamentals of Biochemistry, 2/e
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Several distinct structures
depending on the solvent composition and base sequences

= Minor
&groove

Major
groove

B-DNA .o~

T R

Figure 23-2a Fundamentals of Biochemistry, 2/e
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d d(CGCGCG)
Left handed
Z-DNA binding protein

Under dehydrating
condition




Table 23-1 Key to Structure. Structural Features of Ideal A-, B-, and.Z-DNA.......... )

A B Z
Helical sense Right handed - Right handed - Left handed
Diameter ~26 A 2 =~ - ~18A
Base pairs per helical turn 11.6 10 © 12 (6 dimers)
Helical twist per base pair 31" : 6" - 60° (per dimer)
Helix pitch (rise per turn) 34 A : A © 44A
Helix rise per base pair 29 A : 34 A = JAA per dimer
Base tilt normal to the helix axis 20° i i i
Major groove Narrow and deep : Wide and deep @  Flat
Minor groove Wide and shallow : Narrow and deep :  Narrow and deep
Sugar pucker C3’-endo - C2'-endo - (C2'-endo for pyrimidines; C3'-endo for purines
Glycosidic bond conformation Anti - Anti - Anti for pyrimidines; syn for purines

Table 23-1 Fundamentals of Biochemistry, 2/e
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Flexibility of DNA

Each base pair deviates from ideal conformation depending on sequences
Flexible rod, not rigid
More severe distortions by protein binding

However, limited conformational flexibility

Nucleotide
unit

Figure 23-5 Fund Is of Biochemistry, 2/e
© 2006 John Wiley & Sons

7 torsion angles determining
the conformation of a nucleotide unit



Glycosidic bond rotation is not free

Purine has two permissible orientations: syn and anti
Pyrimidine is stable with anti-conformation
All bases are in anti in most double helix

T, il &

H H H H H H
H H

OH 0|-| OH 0|-| OH OH
syn-Adenosine anti-Adenosine anti-Cytidine

Figure 23-6 Fundamentals of Biochemistry, 2/e
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Ribose ring flexibility

Ribose ring is not planar
Out of plane atoms: C2’ and C3’
C3’-endo, C2’-endo: on the same side of C5’

In ADNA in B DNA

Figure 23-7 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Sugar-phosphate backbone is constrained




Supercoiled DNA

No supercoiling » tightly supercoiled

% Gy

*y .,

o

e ?
LW, G

Figure 23-8 Fundamentals of Biochemi
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Supercoiling and superhelicity
Superhelix topology
L=T+W

Linking number

Twist
Writhing number

|

Large writhing
number,
small twist

Small writhing
number, large twist

Figure 23-9 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

The difference between writhing and twist



Megatively supercoiled Relaxed Positively supercoiled

figure 9.24 Positive and negative supercoils. Enzymes called topoisomerases can take relaxed DNA (center) and add
negative (left-handed) or positive (right-handed) supercoils. L is the linkage number.



turn

10
10
0
wce

Figure 23-10 Fundamentals of Biochemistry, 2/e

©2006 John Wiley & Sons

<

Equivalent
topologically
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Forces stabilizing nucleic acid structures

Denaturation and renaturation

Native (double helix) l |

Denatured
(random coil)

Figure 23-19 Fundamentals of Biochemistry, 2/e
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Hyperchromatic effect
UV absorption increases ~40% upon denaturation

Denatured (82°C)

0.4

Relative absorbance
o
o

Native (25°C)

0
180 200 220 240 260 280 300
Wavelength (nm)

Figure 23-20 Fund Is of Biochemistry, 2/e
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denaturation & renaturation incomplete renaturation

Melting curve of DNA: Tm depends on GC ratio
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The principle of denaturation and renaturation is important for DNA manipulation

Polymerase Chain Reaction (PCR)

5'... e 3! B
- —-— — —
Original target duplex DNA
Separate strands by
N + heating, cool, and
anneal primers
I... - 1
> s
* Cycle
30...—> o5t (1
dNTPs Extend by DNA
5 -
lins N 5’
+ Variable-length strands
5* EHHER - 3
C e 5

Figure 3-30 part 1 Fundamentals of Biochemistry, 2/e
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3 == 5’

+ Variable-length strands
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Separate strands by
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Figure 3-30 part 2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



5’...

3

3.

Flica

Separate strands by

N + heating, cool, and
anneal more primers
I 5’
+
5' I
5
+
5' e - 3
I 5’
+
5' N o
dNTPs Extend
= 3"
5
I /
N
+ >Unit-length strands
5' ;
31‘ / - 5!
+
5’ 3
s BT

1

etc.

Figure 3-30 part 3 Fundamentals of Biochemistry, 2/e

© 2006 John Wiley & Sons

, Cycle

L



Forces stabilizing nucleic acid structures

Base pairing: essential but not enough for helix stability
Base stacking: resulting from hydrophobic interactions  tanie 23-2 Stacking Energies for the Ten

lonic interactions: melting temp depends on salt conc. ~ Possible Dimers in 8-DNA
Stacked Dimer  Stacking Energy (kJ - mol™!)

C-G —61.0
G-C
C-G —44.0
A-T
O C-G —41.0
T A
G-C —40.5
C-G
G:-C —-34.6
G-C
G-C —28.4
A-T
® A =275
O A-T
G-C =275
e A
A-T — L5
o—® A-T
O
o) A-T —16.0
T A
Figure 23-24 Ffmdamentals of Biochemistry, 2/e
©2006 John Wiley & Sons Source: Ornstein, R.L., Rein, R., Breen, D.L., and

MacElroy, R.D., Biopolymers 17, 2356 (1978).
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lonic Interactions

Charged phosphate groups
Monovalent cations
Divalent cations: specific binding to phosphate groups



Fractionation of nucleic acids

Chromatography
Electrophoresis
Ultracentrifugation



Intercalating agents
for DNA staining

N O O N

+
=i
Ethidium
966
HaN N7 NHy  (CH3); N7 N(CH3);
H
Proflavin Acridine orange

L fi
© 2006 John Wiley & Sons.
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Eukaryotic chromosome structure

Packaging of chromosomes in a cell
23 human chromosome: 3.2 billion bp X 3.4A=1m

Figure 23-43 Fund Is of Biochemistry, 2/e




ticles

in par

chromati

Nucleosomes

(OTEIT WY o A PR
- L BT et %, tgc..\%, “._H_.r 2.
P A f.» -.h-

P 1

v, 2/e

oy $
i

Is of Bioch

Figure 23-44 Fi



: role of H1

-bp nucleosome

166
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0
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Histone
octamer
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Table 23-3 Calf Thymus Histones

Number of Mass
Histone Residues (kD) % Arg % Lys

H1 215 23.0 1 29
H2A 129 14.0 9 11
H2B 105 13.8 6 16
H3 135 5E5 13 10

H4 102 11.3 14 11

Table 23-3 Fundamentals of Biochemistry, 2/e
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In

H1 depleted chromat

In

H1 bound chromat

1000 A

Figure 23-48 Fundamentals of Biochemistry, 2/e



Higher levels of chromatin organization
30 nm diameter chromatin filaments

Figure 23-50 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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