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Nucleic Acid Chemistry: Structure of nucleic acids DNA & RNA

* The Nucleic Acid chemical information was well known to Watson and Crick
during their investigation and served as the basis of their model building.
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* Nucleotides (Sometimes called Mononucleotides) are the monomers (building
blocks units) of all nucleic acid (DNA and RNA) molecules.
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* Nucleotides have three essential components: a_nitrogenous base, a pentose
sugar (a five-carbon sugar), and a phosphate group.
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* The pentose sugars found in nucleic acids give them their names.
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* Ribonucleic acids (RNA) contain ribose sugar
* Deoxyribonucleic acids (DNA) contain deoxyribose sugar.
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* Each carbon atom in the ribose (pentose) sugar is distinguished by a number with a

. I()?:rlrlll;a?lcg(invs(n:h ribose, deoxyribose has a hydrogen atom rather than a hydroxyl group &?9&?&\&!8&5-& y
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- ADP = Adenosine Diphosphate
« AMP = Adenosine Monophosphate



Deoxynucleoside diphosphate (dNDP) Nucleoside triphosphate (NTP)
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Bases and Sugars (Nucleosides) in DNA and RNA
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* In DNA: 2°deoxyribose + A, T, G or C

P dA ™, 2’deoxyadenosine
;o =dT 2’deoxythymidine
i " —dG ; 2’deoxyguanosine
:/ = dC/'/ 2 deoxycytidine
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 In RNA: ribose + A, U, G, OrC --------------- RS
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-G guanosine
—C cytidine
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Nitrogenous bases 1n nucleic acids

There are two kinds of nitrogenous bases:

Purines : nine-member double ring (A, G)
Pyrimidines: six-member single-ring (C,T, U).

Both DNA and RNA contain A, G, and C
only DNA contains the base T
only RNA contains the base U.

Each nitrogen or carbon atom of the ring
structures of purines and pyrimidines is
designated by a number (NO prime sign
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Highly specific bonding between components of nucleotide

éogimﬁm\cﬂ)@mm\\&wow\za\ o3y 200 I\g)\ g dawralSaild higlo 0¥ Siza
J\ohe VXY WP ¢ 39\ &0 B0 033 g0l | a2\l ool Ry ) Y BT omgﬂfw\\

* The bonding between the components of a nucleotide is highly specific.

* The (C-1") atom of the sugar is involved in the chemical linkage to the
nitrogenous base (purine or pyrimidine).
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* For purine, the N-9 atom is covalently bonded to (C-1") of the sugar.
* For pyrimidine, the N-1 atom is covalently bonded to (C-1") of the sugar.

* Inribonucleotides, the phosphate group may be bonded to the (C 2")or (C-3") or
(C-57) atom of the sugar.

* However binding of phosphate to (C-5") atom of the sugar is the most prevalent
one in biological systems and the one found in DNA and RNA.
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Nucleotide: nucleoside monophosphate (NMP)

Nucleotides are also described by the term nucleoside monophosphate (NMP).
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The addition of one or two phosphate groups results in nucleoside
diphosphates (NDPs) and triphosphates (NTP), respectively.
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The 2°deoxyribonucleotide triphosphate (2° dNTPs: 2° deoxyribonucleotide
triphosphate) are the precursor molecule during DNA synthesis.
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* The ribonucleotide triphosphate (NTPs) are the precursor molecule during RNA

synthesis. SN 3595 g ) Sy Yowl\y 3593 gm et
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The ribonucleotide triphosphate (NTP) adenosine triphosphate (ATP) and
guanosine triphosphate (GTP) are important in cell bioenergetics because of the
large amount of energy involved in adding or removing the terminal phosphate
group.
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The hydrolysis of ATP or GTP to ADP or GDP and inorganic phosphate (P1) is
accompanied by the release of a large amount of energy in the cell.
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When these chemical conversions are coupled to other reactions, the energy
produced is used to drive them.
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* The linkage between two mononucleotides
involves a phosphate group linked to two
sugars.

* What is an ester bond??

* A phosphodiester bond is formed as
phosphoric acid is joined to two alcohols
(the hydroxyl groups on the two sugars) by
an ester linkage on both sides.

* Two joined nucleotides (through A
phosphodiester bond) form a dinucleotide.

* Three nucleotides (through two
phosphodiester bonds), form a
trinucleotide.

* Short chains consisting of up to 20
nucleotides or SO are called
oligonucleotides

* longer chains, like nucleic acids, are
. polynucleotides.
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Carbohydrates — Glycosidic bond
Proteins — Peptide bond
Nucleic acids — Phosphodiester bond

Sugar-phosphate backbone
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Notes about Nucleic acids
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Nucleotides are linked by phosphodiester bonds to form Polynucleotides.
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Phosphodiester bond: Covalent bond between the phosphate group (attached to 5°

carbon) of one nucleotide and the 3" carbon of the sugar of another nucleotide.
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This Phosphodiester bond is very strong, arid for this reason DNA is remarkably
stable. DNA can be boiled and even autoclaved without degrading!
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. 5 dnd 3 ““The ends of the DNA or RNA chain are not the same. One end of the
cham has a 5" carbon (C-5")and the other end has a 3" carbon (C-3").
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Long polynucleotide chains account for the large molecular weight of DNA and
explain its most important property—storage of vast quantities of genetic

information.
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Each nucleotide position in this long chain can be occupied by any one of four
nucleotides giving rise to an extraordinary possible variations.
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* e.g. a polynucleotide only_1000 nucleotides in_length can be arranged 4'°% different
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ways, each one different from all other possible sequences. ™
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This potential variation in molecular structure is essential for DNA to store the vast
amounts of chemical information necessary to direct cellular activities, traits and
phenotypes.
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Major features of Watson—Crick double helical Model
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1. Two long polynucleotide chains are coiled around a
central axis, forming a right-handed double helix.

2. The two chains are antiparallel; that is, their C-5" to
C-3" (5"— 3’) orientations run in opposite directions.

3. The bases of both chains are flat structures, lying
perpendicular to the axis; they are “stacked” on one
another, 3.4 A (0.34 nm) apart, and located on the
inside of the structure.

4. The nitrogenous bases of opposite chains are paired
as the result of hydrogen bonds; in DNA, only A=T
and C=G pairs occur (complementarity).
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Uniform diameter of DNA double helix

DNA 1 Ll JIS28 5 ansll bl

o\>o‘/\ 3 wnﬁ\m

________
- Sl
~

| I
Hydrogenbonds form between G-C palrs and A-'l\@alrs.
. .52' Guanine Cytosine (3. /
Only purine-pyrimidine pairs fit inside the double hellx. Antiparallel

i
Purine-purine pair :
NOT ENOUGH SPACE
1
Pyrimidine-pyrimidine pair
TOO MUCH SPACE
=

strands

Hydrdgen
bonds Thymine

—
Purine-pyrimidine pair
JUST RIGHT

Space Inside sugar-
phosphate backbones : :
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N—H===0  CH,

Sugar-phosphate backbone

DNA contains thymine, ~
3" whereas RNA contains uracil|”

The diameter of the B-from DNA double helix is 2 nm and is uniform throughout. This

is achieved only and only if the complementary base pairing occur between a purine and
pyrimidine.

Therefore, at any base paring location along the DNA molecule, the two sugar phosphate

backbones are always separated by a combined length of three rings, two from a purine

and one from a pyrimidine.
A"
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Alternative forms of DN A exist

* The DNA molecule that Watson and Crick described was in the B-form and was
based on X-ray studies of B-DNA performed by Roslaind Franklin, which 1s

present under aqueous, low-salt conditions.
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* The B-DNA form is believed to be the biologically significant conformation, that
1s found 1n the cell, at 92 % relative humidity.
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* Under different conditions of isolation, several conformational forms
(A,B,C,D.E,P, and Z) of DNA have been recognized. The primary difference
between the forms 1s the direction that the helix spirals.

« A,B,C,D,E, and P forms of DNA are right-handed helices
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Average structural parameters for some DNA forms

Helix rise per bp Base pairs/  Helix

Form Direction /bp apart 360° Turn Diameter

A Right 2.6A (0.26 nm 11.0 23A

Xid) B el b 8 (0.26 nm)
Q Right 3.4 A (0.34 nm) 10.0 20 A
C Right 3.3 A (0.33 nm) 9.3 19A

Z Left 3.7A(0r§; nm) 12.0 18A



Left-handed and Right- handed DNAs

Left-handed | | Right-handed
helix | , helix




DNA Jl )lg.ail o)&w :0D260 dwguall LI
Optical density @ OD260: Meltlng P01nt Curve of DNA

————— - .—.-.r‘- -
ffffff

; uba w\ol\z %50\§m9,,\) A o&))bzz b
* If DNA is subjected to heat, the double ! Opt|ca|dens|ty”§ Qb,h 0N @,mb\.ea) E
helix is denatured and unwinds. During ! '
unwinding, the viscosity of DNA ==
decreases and UV  absorption ‘~--—’;‘/' :‘500/OU,X\\DOWJA\\) (NWQ)M.Q) b)\(),\
increases (called the hyperchromic G 0% 14 )\M\} 0> 233000 0138 0)\,><“Q>))'
shift) e e R N R eSS

o) Jii IS Jilsg liing Jhoviy Zgojed] elslll Gl 48yl ,odd DNA JI papss 131 *
(2955801 J9olb ow L) dysnuniindl §99 dmivBl ool ajug DNA JI

* A melting profile, (optical density WBLUSI) " Hlgas¥) Sla" yelay
@260nm: OD260 ) vs. temperature. Jalie yiogals 260 was i gl
(8,11 days
The midpoint at which 50 percent of the %50 lbaic Wiy I Guoiiall Ao o
strands have unwound is called the **Tm ylgaaidl §)l)=> d=)yo** o bgasdl (o

melting temperature Tm.

* The molecule with a higher Tm has a  (sgiw Jlel Tm cllion sl 255
higher percentage of C-G base pairs than elgdl Zlgji uﬂdcl dawd e
A-T base pairs A-T Zlajb 4)lao **C-G**

0300 A-T ol G-C a3, 9l alild duad 2 iy o0 slgw DNA
a0 32 1> 033 oy ) DINA by s il leanaifl 63319 >iihl sl
u\m DNAu\up&.?qbo.S’ﬂ AN 0)\,>l\o>)>w.9) ) 9l oWl olag|
N3 0ead ) > 0nSDNA Y A-T o G- Cmﬂ\mﬁgb«h | @Y\
890 oy 00,8\ ), 01> 8 Jgl>ehl m&\@»wmw\»dw\mbdgb«h\&
ausunii 8B ol oizs acir Y DINA gz o ald o5iizs ol auoniiy
@»MWQ@M\&%O&Q&)\\J\O)\OWW&\)\thu\mb‘/\
L2 8\ 5 9 Joohl liza zaanl s gl lis 8 L5 p ol
WS@W\&%O&U),»&%M\DNA&SWNNM\\&
L3z Joloal - Vi 315 1m0 @) DINA 01 s 03 oW oica) apcionl s
Optlcal »W\omqumﬁ\swm\/\oo\)m\&hwmw
N udondinl\ 899&»»‘/ o ook ol Jgldbl Zubiny @ ee Hae ga g density
d\o»_@ommgd\dg&\g&sm\/\»mdq&\\m\w}\ 0,09 260 90 dgb
O Usodly Busonio)| 850 it DNA



Tm= temperature at which 50% the bp in a double stranded DNA sample have denatured
Tm is proportional to % GC
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I'he structure of RNA is chemically similar to DNA, but ??

RNA JI Oliyja JSup

* The structure of RNA molecules resembles DNA, with several
important exceptions.

* Ribose sugar in RNA, instead of 2" deoxyribose in DNA

* Nitrogenous base uracil in RNA, instead of thymine in DNA 95»}'9} Z\ojl U\“}

* RNA is single stranded (single stand of polynucleotides, only one C- M\m&
5" end and C-3” end), while DNA is double stranded helix (two C- __.=> W)\D

5" ends and two C-3" ends). LS dg} fOldlng

e ' <

* RNA molecules often fold back on themselves to form "\dxouf)lc’-/&\ (’m\)uﬂ go.miﬁ

.....

stranded regions of complementary base pairs (only one C-5" end &w\) 0.»3\\»38

and -3 onc). -lgdvlal S
* Some animal viruses that have RNA as their genetic material contain i

J )
double-stranded helices (two C-5" ends and two C-3" ends). 59 3w

* There are 3 major classes of cellular RNA molecules function during
the expression of genetic information: ribosomal RNA (rRNA),
messenger RNA (mRNA), and transfer RNA (tRNA).
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+ Other unique RNAs exist that perform various genetic and cellular roles, especially in eukaryotes.

* | Telomerase RNA 1s involved in DNA replication at the ends (telomeres) of eukaryotic chromosomes
'i Small nuclear RNA (snRNA) participates in processing (splicing) mRNAs

* | Antisense RNA, microRNA (miRNA), short interfering RNA (siRNA), and long noncoding RNA

i (IncRNA) are involved in gene regulation.
' ¢/ Small nucleolar RNA (snoRNA) and small cytcivp;l@iis*xﬁnic RNA (scRNA) are other minor forms of RNA
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Secondary Structure of tRNA

Amino Acid
Attachment Site
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