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Nucleic Acids
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DNA — storage of genetic material

RNA — mRNA (messenger) — transport of information from DNA to ribosomes
rRNA (ribosomal) — structure and function of ribosomes
tRNA (transport) — adapter molecules during protein synthesis
etc.

Nucleic Acids - Sequence

A strand of DNA
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Nucleic Acids - Nucleotides phosphate

base

Nucleic acid — polymer
Nucleotide — monomer

Structure of monomer
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The pyrimidine ring The purine ring system



Nucleic Acids - Bases
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Fischer projection of carbohydrates Fischer projection of aldo-pentoses
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For carbohydrates carbon chain is depicted vertically with C1 (for aldoses) carbon on top
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Cyclization
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Nucleic Acids - Sugars
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Nucleic Acids — Intranucleotide bonds
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Nucleic Acids - Sugars
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Base Nucleoside Nucleotide Nucleic acid

Purines

Adenine Adenosine Adenylate RNA
Deoxyadenosine Deoxyadenylate DNA

Guanine Guanosine Guanylate RNA
Deoxyguanosine Deoxyguanylate DNA

Pyrimidines

Cytosine Cytidine Cytidylate RNA
Deoxycytidine Deoxycytidylate DNA

Thymine Thymidine or deoxythymidine  Thymidylate or deoxythymidylate =~ DNA

Uracil Uridine Uridylate RNA

base

sugar

base

'-

nucleoside Sugar nucleotide



Nucleic Acids - Chain

Ribonucleic acid

Deoxyribonucleic acid

(RNA) (DNA)
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Hypoxanthine
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Nucleic Acids —
Minor nucleobases
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OH OH
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Nucleic Acids —
Charge

pK phosphate = 2-3
(negative charge)

What can have charge?
(pK for free nucleotides)
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Nucleobases are uncharged



Nucleic Acids — hydrop

Hydrophilic centers
(polar or charged or
hydrogen bonding)

Nucleic acid — polyanionic nature



Nucleic Acids — Watson Crick base pairing




Nucleic Acids — degrees of freedom

(a) Ladder
Base-pair ‘
spacing 0.6 nm
(a) The six degrees of freedom in the (¢) Free rotation about C1'=N
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Nucleic Acids — Watson Crick base pairing
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Nucleic Acids — Watson Crick base pairing (grooves)

1.11 nm

1.08 nm

B-DNA

Major groove

Guanine
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Nucleic Acids — DNA summary

ot

Segment of unwound double helix
illustrating the antiparallel orientation
of the complementary strands

DNA

1. Irregularity

2. Antiparallel orientation
3. Complementarity

4. (Secondary structure)



Nucleic Acids — degrees of freedom

(a) The six degrees of freedom in the
sugar-PO, backbone:
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A-DNA

Color code: bases - magenta, backbone - green.

A, B, C—right handed spirals

Z - left

rmagar g-:o?-(-l
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A ';v:;? a .w A ,

Two representations of the first single-crystal
B-DNA structure

(PDS code. 1bna)

Color code for the lefl elructse

(ﬂmme m&m, Gi ci T,
Color code for the night structure

(atom specific) C.N,O.P.



Nucleic Acids — RNA vs DNA

DNA
Pentose Deoxyribose
Bases ATGC
Structure 99.99% ds

Single stranded DNA (ss) is usually
circular, double-stranded DNA is

majorly (not always) linear

RNA — high degree of secondary

structure
Clear preference for hairpins
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A form

B form

Z form

Helical sense

Diameter

Base pairs per helical
turn

Helix rise per base pair

Base tilt normal to the
helix axis

Sugar pucker conformation

Glycosyl bond conformation

Right handed
~26 A

11
26 A

20°
C-3’ endo

Anti

Right handed
~20 A

10.5
3.4 A

60
C-2’ endo

Anti

Left handed
~18 A

12
3.7A

70

C-2' endo for
pyrimidines;
C-3" endo for
purines

Anti for pyrimidines;
syn for purines




Nucleic Acids — RNA secondary structures (usually within 1 molecule)

a
()
i21 g
3<i<8

Double-stranded Bulge Internal loop (if i = j, symmetric Hairpin
segment (dsRNA) internal loop; if i # |, asymmetric  (stem-loop)
internal loop)

b i ‘
g T O=CIII

Two-stem junction Pseudoknot Kissing hairpins
(coaxial stack)

Nature Reviews | Molecular Cell Biology



‘|->

A
Acceptor —[ g

Stem

)
%

D arm

!

Acceptor
Stem

2° Structure

A622

wibui| ‘“l"l'l.ﬂll
Us19 GGOG

rRNA

16S rRNA T.Thermophilus

-

tRNA




Nucleic Acids — non-Watson-Crick interations

T G
(anti) [} (anti) (anti)

1. Predominately on homo-purinic
Stretches in duplex

2. Usually third chain is homopurinic or

homopyrimidinic

Triplexes
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Nucleic Acids — non-Watson-Crick interations
a

Quadruplex
(ala telomeric repeats)

R, 0 Loop 1 Loop 3
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N
H
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Also found in promotors (biological function) N)=2:0\H\N ,\g

|!4 b Loop 2

Quadruplexes are formed at stretches with very high proportion of G residues



Nucleic Acids — Stability

1.

Watson-crick interactions determine complementary interactions

Secondary structure is determined majorly by base stacking and other weak VDW
interactions

Double helix is destabilized by negative charge (phosphate repulsion) and is
stabilized therefore by the presence of metal ions (Mg2+, K+, Na+) or proteins
(histones — positively charged proteins)

Transition from one form to another can be forced by isruption of weak
noncovalent interactions — high temperatures, low salt conditions, change of pH,
chaotropic agents (disrupting H-bonds) such as DMSO, urea, formamide.



