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INTRODUCTION:
THE BLUEPRINT OF
LIFE

At  the  core  of  every
living  organism,  from
the simplest bacterium
to  the  most  complex
human  being,  lies  a
remarkable  class  of
biological  molecules
known as nucleic acids.
These  molecules  are
the  custod ians  o f
genetic  information,
the instruction manuals
for life itself. When we
explore the structure

and  funct ion  o f
nucleic  acid,  we  are
essentially  uncovering
h o w  l i f e  s t o r e s ,
t r a n s m i t s ,  a n d
executes its hereditary
information.  Nucleic
a c i d s ,  p r i m a r i l y
deoxyribonucleic  acid
(DNA)  and  ribonucleic
acid (RNA), orchestrate
t h e  s y m p h o n y  o f
cellular  activit ies,
ensuring  that  proteins
are built correctly and
that  genetic  traits  are
p a s s e d  f r o m  o n e
generation to the next.
Understanding  their
molecular  architecture
is  not  just  a  topic  for
biology textbooks; it is
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f u n d a m e n t a l  t o
modern  medic ine,
g e n e t i c s ,  a n d
biotechnology.  This
article will take you on
a  detai led  journey
through  the  intricate
world  of  nucleic  acid
structure and function,
revealing  how  these
elegant  molecules
drive the processes of
life.

WHAT ARE
NUCLEIC ACIDS? A
FOUNDATIONAL
OVERVIEW

Nucleic acids are long-
chain  polymers  made
up of smaller repeating
u n i t s  c a l l e d
nucleotides. They were
first  discovered  in  the
1 9 t h  c e n t u r y  b y
Friedrich  Miescher,
w h o  i s o l a t e d  a
substance  he  called
"nuclein"  from  the
nuclei  of  white  blood
c e l l s .  O v e r  t h e
subsequent  century,

scientists like Rosalind
F r a n k l i n ,  J a m e s
Watson,  and  Francis
Crick  revealed  the
stunning  double-helix
structure  of  DNA,  a
breakthrough  that
revolutionized  biology.
The  structure  and
function  of  nucleic
acid  are  intimately
linked:  the  way  these
molecules  are  built
determines  how  they
can store genetic code,
replicate,  and  control
cellular  machinery.
DNA  serves  as  the
long-term  storage
molecule,  while  RNA
acts  as  a  versati le
intermediary that helps
translate  that  stored
i n f o r m a t i o n  i n t o
functional proteins.

THE BASIC
STRUCTURAL UNIT:
THE NUCLEOTIDE

To grasp the structure
and  funct ion  o f
nucleic  acid ,  one
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must  first  understand
its  building  block:  the
nuc leo t i de .  Each
nucleotide  consists  of
t h r e e  d i s t i n c t
components:

A phosphate
group: This
provides a
negative charge
and links
nucleotides
together through
phosphodiester
bonds.
A five-carbon
sugar: In DNA,
the sugar is
deoxyribose; in
RNA, it is ribose.
The difference is
a single hydroxyl
group on the
ribose, which
makes RNA more
reactive and less
stable than DNA.
A nitrogenous
base: There are
two categories of
bases: purines
(adenine and

guanine) and
pyrimidines
(cytosine,
thymine in DNA,
and uracil in
RNA). The
specific pairing
of these bases is
critical for
genetic
encoding.

Nucleotides  are  joined
together  th rough
condensation reactions
b e t w e e n  t h e
phosphate  group  of
one nucleotide and the
sugar  of  the  next ,
f o r m i n g  a  s u g a r -
phosphate  backbone.
This backbone is highly
polar and gives nucleic
a c i d s  t h e i r
characteristic  negative
c h a r g e ,  w h i c h
influences  how  they
interact  with  proteins
and  other  molecules
within  the  cell.
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The Two
Types of
Nucleic
Acids:
DNA and

RNA
While  both  DNA  and
RNA  share  the  same
general  nucleotide
structure, they differ in
c ruc ia l  ways  tha t
directly  affect  their
functions.

DNA1.
(Deoxyribonucl
eic Acid):
Typically exists
as a double-
stranded helix. It
uses the sugar
deoxyribose and
the base thymine
instead of uracil.

DNA is
remarkably
stable, making it
ideal for long-
term genetic
storage inside
the cell nucleus.
RNA2.
(Ribonucleic
Acid): Usually
single-stranded,
but can form
complex
secondary
structures
through internal
base pairing. It
uses ribose sugar
and uracil in
place of thymine.
RNA is more
versatile and
involved in
various cellular
processes from
gene expression
to regulation.

The  differences  in
s u g a r  a n d  b a s e
composition are key to
the  structure  and
function  of  nucleic
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acid, as they allow the
cell  to  differentiate
between  these  two
molecules and perform
distinct tasks.

THE ICONIC
DOUBLE HELIX:
DNA STRUCTURE
IN DETAIL

Perhaps  the  most
famous  structural
model in all of science
is  the  DNA  double
helix.  Proposed  by
Watson  and  Crick  in
1953  based  on  X-ray
diffraction  data  from
Franklin,  the  model
elegantly explains how
genetic  information  is
stored and copied. Key
f e a t u r e s  o f  D N A
structure  include:

Two
antiparallel
strands: One
strand runs in
the 5' to 3'
direction, while
the other runs 3'

to 5'. This
antiparallel
orientation is
essential for
replication and
transcription.
Complementar
y base pairing:
Adenine (A)
always pairs with
thymine (T) via
two hydrogen
bonds, and
guanine (G)
always pairs with
cytosine (C) via
three hydrogen
bonds. This
specific pairing
ensures that the
sequence on one
strand
determines the
sequence on the
other, forming
the basis for
replication.
The sugar-
phosphate
backbone:
Positioned on the
outside of the
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helix, with the
nitrogenous
bases stacked
inside, like the
rungs of a
twisted ladder.
Major and
minor grooves:
The winding of
the helix creates
grooves that
serve as binding
sites for proteins
that regulate
gene expression
and replication.

The  stability  of  the
DNA  double  helix  is
enhanced  by  base-
stacking  interactions
and hydrogen bonding.
T h i s  s t r u c t u r a l
architecture  directly
enables  its  function:
the sequence of bases
a l o n g  t h e  D N A
molecule  encodes  the
genetic blueprint, while
the  complementary
s t rands  a l l ow  fo r
accurate  duplication
during  cell  division.

RNA
Structure:
More
Flexible
and
Versatile
Unlike the rigid double
he l ix  o f  DNA,  RNA
molecules can adopt a
var iety  of  shapes.
Single-stranded  RNA
often  folds  back  on
itself  to  form  local
d o u b l e - s t r a n d e d
r e g i o n s  t h r o u g h
complementary  base
pairing (A pairs with U,
G  pairs  with  C).  This
creates  structures  like
stem-loops,  bulges,
and  ha i rp ins .  The
s t r u c t u r e  a n d
function  of  nucleic
acid  are  especially
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evident in RNA, where
t h e  3 D  s h a p e  i s
essential  for  function.
For  example,  transfer
RNA  ( tRNA)  has  a
cloverleaf  secondary
structure that folds into
an  L-shaped  tertiary
structure, allowing it to
carry  amino  acids  to
t h e  r i b o s o m e .
Ribosomal RNA (rRNA)
folds  into  complex
structures  that  form
the  catalytic  core  of
the  r ibosome.  The
greate r  chemica l
reactivity of the ribose
sugar also allows RNA
to act as both a genetic
material and a catalyst
i n  s o m e  c e l l u l a r
processes,  a  concept
central  to  the  RNA
world  hypothesis.

THE CORE
FUNCTIONS OF
NUCLEIC ACIDS

The primary function of
nucleic acids is to store
and  transmit  genetic

information.  However,
this overarching role is
b roken  down  in to
several  specific
processes that  sustain
life.

DNA
Replicatio
n:
Passing
on the
Code
Before a cell divides, it
must  dupl icate  i ts
entire genome so that
each  daughter  cell
receives  a  complete
set of instructions. DNA
replication relies on the
c o m p l e m e n t a r y
structure of the double
hel ix.  The  enzyme
helicase  unwinds  the
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D N A ,  a n d  D N A
polymerase  reads  the
original  strand  and
synthesizes  a  new
complementary  strand
using free nucleotides.
Because  o f  base -
pairing rules, each new
DNA molecule consists
of  one old strand and
one  new  strand—a
p r o c e s s  c a l l e d
s e m i c o n s e r v a t i v e
rep l i ca t i on .  Th i s
accuracy  is  critical;
errors  can  lead  to
mutations,  which  may
b e  h a r m l e s s ,
beneficial,  or  cause
diseases  like  cancer.
The  structure  and
function  of  nucleic
acid  come  together
perfectly  here,  as  the
d o u b l e - s t r a n d e d
structure provides both
a  t e m p l a t e  a n d  a
m e c h a n i s m  f o r
proofreading.

Transcrip
tion:
From
DNA to
RNA
F o r  t h e  g e n e t i c
information  stored  in
DNA  to  be  used,  i t
must first be converted
i n t o  R N A .  D u r i n g
transcription, a specific
segment of DNA serves
a s  a  t e m p l a t e  t o
s y n t h e s i z e  a
complementary  RNA
m o l e c u l e .  R N A
polymerase binds to a
promoter region on the
DNA,  unwinds a  small
section,  and builds an
R N A  c h a i n  u s i n g
ribonucleotides  (A,  U,
G,  C).  The  resulting
R N A
molecule—typica l ly
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m e s s e n g e r  R N A
(mRNA)—carries  the
genetic code from the
n u c l e u s  t o  t h e
c y t o p l a s m .  I n
eukaryotic  cells,  the
R N A  t r a n s c r i p t
undergoes  processing,
including  splicing  to
remove  non-coding
introns, addition of a 5'
cap, and a poly-A tail.
These  modifications
enhance  the  stability
and  translatability  of
the  mRNA,  illustrating
how  the  structure  of
RNA is adapted for its
t r a n s p o r t  a n d
functional  roles.

Translatio
n:
Building
Proteins
The  final  function  in
the  flow  of  genetic

i n f o r m a t i o n  i s
translation,  where  the
mRNA  sequence  is
decoded to produce a
polypept ide  chain
(protein).  This  process
occurs  on  ribosomes,
which  are  made  of
rRNA  and  proteins.
Transfer  RNA  (tRNA)
m o l e c u l e s  a c t  a s
adaptors: each has an
anticodon  that  base-
pairs  with  a  specific
codon  on  the  mRNA,
a n d  c a r r i e s  t h e
corresponding  amino
acid.  As  the  ribosome
m o v e s  a l o n g  t h e
mRNA,  tRNAs  bring
amino  acids  one  by
one, forming a growing
protein  chain.  The
linear  sequence  of
nucleot ides  in  the
n u c l e i c  a c i d  i s
translated  into  the
l inear  sequence  of
a m i n o  a c i d s  i n  a
protein. The structure
and  funct ion  o f
n u c l e i c  a c i d  i s
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b e a u t i f u l l y
demonstrated  by  the
way  tRNA's  three-
dimensional  structure
allows it  to accurately
decode  the  genetic
code.

RNA'S DIVERSE
ROLES BEYOND
PROTEIN
SYNTHESIS

For decades, RNA was
viewed  primarily  as  a
passive  messenger.
However, we now know
that  RNA  participates
in  a  w ide  a r ray  o f
r e g u l a t o r y  a n d
catalytic functions. The
s t r u c t u r e  a n d
function  of  nucleic
acid  extends  wel l
beyond  the  central
dogma.  For  example:

Ribosomal RNA
(rRNA):
Catalyzes
peptide bond
formation during
protein

synthesis, acting
as a ribozyme.
Small nuclear
RNA (snRNA):
Involved in
splicing pre-
mRNA in
eukaryotes.
MicroRNA
(miRNA) and
small
interfering RNA
(siRNA):
Regulate gene
expression by
binding to
complementary
mRNA
sequences,
leading to
degradation or
translational
repression.
Long non-
coding RNA
(lncRNA): Plays
roles in
chromatin
remodeling,
transcriptional
regulation, and
cellular
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organization.

These  discover ies
highlight the functional
versati l i ty  of  RNA,
which  arises  directly
from its ability to form
complex  secondary
and tertiary structures.
The  single-stranded
nature of RNA allows it
to base-pair with itself,
creating  pockets  and
s h a p e s  t h a t  c a n
r e c o g n i z e  o t h e r
molecules  or  catalyze
chemical reactions.

THE CENTRAL
DOGMA OF
MOLECULAR
BIOLOGY

The  flow  of  genetic
information  from  DNA
to  RNA  to  protein  is
known  as  the  central
dogma  of  molecular
b i o l o g y .  T h i s
framework summarizes
the  structure  and
function  of  nucleic
ac id  i n  a  ce l l u la r

context. It begins with
DNA  replication,  then
t r a n s c r i p t i o n  t o
produce  RNA,  and
finally  translation  to
synthesize  protein.
While  the  majority  of
cells  follow  this  path,
there  are  exceptions.
F o r  i n s t a n c e ,
retroviruses  like  HIV
u s e  r e v e r s e
t r a n s c r i p t a s e  t o
synthesize  DNA  from
an  RNA  template,  a
reversal  of  the  usual
flow.  Additionally,
some  RNA  molecules
can serve directly as a
genet i c  templa te
without  DNA,  as  seen
i n  R N A  v i r u s e s .
Nevertheless,  the
central dogma remains
a powerful concept for
understanding  how
nucleic  acids  encode
and express hereditary
information.

PRACTICAL
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IMPORTANCE OF
UNDERSTANDING
NUCLEIC ACID
STRUCTURE AND

FUNCTION

The  knowledge  o f
s t r u c t u r e  a n d
function  of  nucleic
acid  has  profound
implications  in  many
fields.  In  medicine,  it
e n a b l e s  t h e
development  of  gene
therapies, where faulty
genes can be corrected
o r  r ep laced .  DNA
s e q u e n c i n g
technologies,  which
read  the  o rde r  o f
nucleotides,  al low
doctors  to  diagnose
genetic  disorders  and
predict disease risk. In
b i o t e c h n o l o g y ,
e n z y m e s  t h a t
manipulate  nucleic
a c i d s — s u c h  a s
restriction  enzymes,
l i g a s e s ,  a n d
polymerases—are used
for  cloning,  PCR,  and

genetic  engineering.
The  CR ISPR -Cas9
system, a revolutionary
gene-edit ing  tool ,
relies on guide RNA to
direct a nuclease to a
specific DNA sequence,
demonstrating  how
understanding  RNA
structure  can  lead  to
t r a n s f o r m a t i v e
a p p l i c a t i o n s .
Furthermore,  nucleic
acid-based  vaccines,
such  as  the  mRNA
vaccines for COVID-19,
directly  leverage  the
ability  to  design  RNA
sequences that instruct
cells  to  produce  an
antigen,  eliciting  an
immune  response.

Conclusio
n
I n  s u m m a r y ,  t h e
s t r u c t u r e  a n d
function  of  nucleic
acid


