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Ribonucleic Acid 

  Ribonucleic acid (RNA)- long, unbranched 

macromolecule consisting of nucleotides joined by 

3/ - 5/ phosphodiester bonds.  

  The number of ribonucleotides in RNA ranges from 

as few as 75 to many thousands. 

Differences with DNA 

1.  The sugar moiety in RNA to which the 

phosphate and  nitrogen bases are attached, is 

ribose rather than 2/ deoxyribose of DNA. 

Ribose contains a 2/ hydroxyl group not present 

in deoxyribose. 

2. RNA contains the pyrimidine uracil(U) in 

place of thymine. Uracil like thymine can form a 

base pair with adenine by 2 hydrogen bonds. 

However, it lacks methyl groups in thymine. 
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3. The native RNA is single stranded rather a 

double stranded helical structure characteristic 

of DNA. The single stranded of RNA may fold 

back on itself like a hairpin and thus acquire the 

double stranded pattern. In the region of hairpin 

loops, A pairs with U and G pairs with C.  

 

 G can also form a base pair with uracil but it is 

less strong than the G-C base pair. The base 

pairing in RNA hairpin is frequently imperfect.  

 Some of apposing bases may not be 

complementary and one or more bases along a 

single strand may be looped out to facilitate the 

pairing of the others.  

The proportion of helical regions in various 

types of RNA varies over a wide range, 

although a value of 50% is typical. 
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4. Since the RNA molecule is single stranded and 

complementary to only one of the two strands of a 

gene. It need not have complementary base ratios.  

 Its adenine content does not necessarily equal its 

uracil content, nor does its guanine content 

necessarily equal its cytosine content. 

 

  5. RNA can be hydrolyzed by weak alkali (pH 9 at 

100OC) to 2/, 3/-cyclic diesters of mononucleotides via 

an intermediate compound called 2/, 3/, 5/ triester. This 

intermediate however, cannot be formed in alkali 

treated DNA b/c of absence of 2/-hydroxyle group in 

its molecule. Thus RNA is alkali labile whereas DNA is 

alkali stable. 
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Comparison between DNA and RNA 
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Structure of RNA 

 

  Primary structure of RNA is very similar to 

DNA structure. 

  RNA is also synthesized by polymerization 

of four types of ribonucleotides. 

  Phosphodiester bond 

  Majority of RNA in cell is single stranded. 

  Some dsRNA is also present. 

  The structure of dsRNA is similar to A-DNA. 

 Three major classes of RNA are present. 

  rRNA  

  tRNA 

  mRNA 
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Structure of RNA 

   Ribosomal RNA  

  It is most stable form of RNA and is found in  

     ribosomes. 

  It  has the highest molecular weight and is 

sedimented when a cell homogenate containing 

10-2 M of Mg2+ is centrifuged at high speed ( 100, 

000gravity for 120 minutes). 

  rRNA is most abundant of all cell types of RNAs 

and make up about 80% of the total RNA of a cell.  

  Ribosomal RNA represents about 40-60% of the 

total weight of ribosomes. 

  All types of rRNA except the 5S rRNA are 

processed from a single 45S precursor RNA 

molecule in the nucleolus. 

  The 5S rRNA apparently has its own precursor 

which is independently transcribed. 

 large in size 
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Structure of RNA 

 

  It is remarkable to note that rRNA from all 

sources has G-C contents more than 50%. 

The rRNA molecule appears as single 

unbranched strand.  

 At low ionic strengthen, the molecule shows 

a compact rod with random coiling.  

 At high strengthen, the molecule reveals the 

presence of compact helical regions with 

complementary base pairing and looped 

outer region. The helical structure  results 

from a folding back of a single stranded 

polymer at areas where hydrogen boding is 

possible because of short lengths of 

commentary structures. 
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Structure of RNA 

 

 In the bacterium, Escherichia coli 

  predominant class of cellular RNA 

 Prokaryotes (70S) 

  small subunit(30S)- one RNA(16S, 1541 

bases)and 21 proteins( S-1 to S-21). 

 Large subunit(50S)- has two RNAs 

 23S RNA(2904 bases) and 5S RNA( 120 

bases) and 31 proteins (L-1 to L-31).  
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Structure of RNA 

 

 Eukaryotes (80S) 

  small subunit(40S)- one RNA(18S, 1874 

bases)and 33 proteins( S-1 to S-33). 

 Large subunit(60S)- has three RNAs 

 28S RNA, (4718 bases) and 5.8S RNA( 160 

bases), 5S(120 bases) and 49 proteins (L-1 to 

L-49).  
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Structure of RNA 

 

   Ribosomal RNA  

  predominant class of cellular RNA 

  large in size 

 28S and 18S(Eukaryotes) 

  23S and 16S (Prokaryotes) 

  along with minor component of 5S(both 

prokaryotes and Eukaryotes) 

  Another small RNA of 5.8S(Eukaryotes 

ribosomes). 

   tRNA 

  Relatively small( 4S, 75-100nucleotide) 
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Consequently, a formula for conversion is required to ensure that the 

appropriate setting is used in an experiment. The relationship between 

RPM and RCF is as follows: g = (1.118 × 10-5) R S2 
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Structure of RNA 

 

tRNA 

 Amounts to about 15% of the total RNA of the 

cell. 

  tRNA remains dissolved in solution after 

centrifuging a broken cell suspension at 100, 

000 X gravity for several hours. 

  The tRNA act as specific carriers of activated 

amino acids to specific sites on the protein 

synthesizing templates. 

 There are 20 types of tRNAs . Since the code 

is degenerate. 

  There also may be more than one tRNA for a 

specific amino acid. 
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Structure of RNA 

 

 tRNA 

 In bacterial cells, there are more than 70 

tRNA . 

 in eukaryotic cells, this number is even 

greater.b/c there are tRNA specific of 

mitochondria and chloroplasts. 

 Isoacceptor tRNAs: There are generally 

several tRNAs specific of the same amino 

acid ( sometimes upto 4 or 5). 

  Each tRNA is specific of an amino acid. E.g 

tRNA Ala, tRNAser.  

  alanyle-tRNA Ala or alanyl-tRNA. 

  tRNA are quite stable in prokaryotes, they 

are somewhat less stable in eukaryotic 

organisms. Dr. Imran Riaz Malik 
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Structure of RNA 

 Common structural features of tRNA 

1.All tRNA molecules have a common design 

and consist of 3 folds giving it a shape of the 

cloverleaf with four arms. The long longer 

tRNAs have short fifth or extra arm. The actual 

3-D structural of a tRNA looks more like a 

twisted L than a cloverleaf. 

2.All tRNA molecules are unbranched chains 

containing 73 to 93 ribonucleotides residues, ( 

MW: 24,000 to 31000). 

3. They contain 5 to 7 unusual basis. Many of 

these unusual bases are methylated or 

dimethylated derivatives of A, U, G and C. 

Includes pseudouridine, various methylated 

adenines and guanines, methylated pryimidines 

such as  Dr. Imran Riaz Malik 
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 Common structural features of tRNA 

4.The 5/ end of tRNA is phosphorylated. The 

The 5/ terminal residue is usually guanylate 

(pG). 

5. The base sequence at the 3/ of all tRNA is 

CCA. All amino acids binds to this terminal 

adenosine via the 3/ OH group of its ribose. 

6. About 50% of the nucleotides in tRNA are 

base paired to form double helices. 

7. There are, however, 5 groups of bases which 

are not base-paired.  

a. The 3/ CCA terminal region 

b.  The ribothymine-pseudouracil-cytosine 

loop. 

c.  the extra arm or little loop contains variable 

number of residues. 
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 Common structural features of tRNA 

d. The dihydrouracil loop which contains 

several dihydrouracil residues 

e.The anticodon loop, which consists of 7 

bases with the sequence, 

 5/ pyrimidine-pyrimidine-X-Y-Z-modified purine-

variable base-3/. 

8. The four loops are recognition sites. Each 

tRNA must have at least two such recognition 

sites. 

9. A unique similarity among all tRNA molecules 

is that overall distance from CCA at one end to 

the anticodon at the other end is constant. The 

difference in nucleotide numbers in various 

tRNA molecules is compensated for by size of 

extra arm . 
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mRNA 

 The abundance of RNA in the cytoplasm and 

its role in protein synthesis suggested that 

genetic information of nuclear DNA is 

transmitted to an RNA which functions at the 

sites of protein synthesis. 

  In 1961, two Nobel laureates, Francosis 

Jacob and Jacques Monod postulated that 

control of protein formation, at least certain 

microorganisms is determined by rate of 

synthesis of templates. 

Messenger RNA should have the following 

properties. 

1. Should be polynucleotide. 

2.  The base composition of the messenger 

should reflect the base composition of the 

DNA  that specific it. Dr. Imran Riaz Malik 
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 mRNA 

3. The mRNA should be very heterogeneous in 

size b/c genes or groups of genes vary in 

length. They also correctly assumed  that 3 

nucleotides code for one amino acid and that 

the molecular weight of an mRNA should be at 

least half million. 

4. The messenger should be for a short period, 

associated with ribosomes. 

 5. The messenger should be synthesized and 

degraded very rapidly. 

 

  Messenger RNA is most heterogeneous in 

size and stability among all types of RNAs. 

  It has large molecular weight approaching 

2x106 and amounts to about 5% of total RNA 

of a cell. 
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 mRNA 

  It is synthesized on the surface of DNA 

template. Thus it has base sequence 

complementary to DNA and carries genetic 

information or message for assembly of 

amino acids from DNA to ribosomes, the site 

of protein synthesis. 

  In prokaryotic cells, mRNA is metabolically 

unstable with high turnover rate where as it is 

rather stable in eukaryotes. It is synthesized 

by DNA-dependent RNA polymerase. 

  on account of its heterogeneity, mRNA 

varies greatly in chain length.  

  In E.coli, the average size of mRNA is 900 to 

1500 nucleotides units. 
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 mRNA 

  Monocistronic type  

  polycistronic type 

  The mRNA are unstable in bacterial systems 

with a half life from a few seconds to about 2 

minutes.  

  In mammalian system, however, mRNA 

molecules are more stable with a half life 

ranging from a few hours to one day. 
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 mRNA 

  Single stranded 

  Both prokaryotic and eukaryotic mRNA are 

synthesized with a triphosphate group at the 

5/ end, there is a basic difference between the 

two. 

  In eukaryotes, mRNA molecule immediately 

acquires a 5/ cap, which is a part of structure 

recognized by small ribosomal subunit. 

Protein synthesis , therefore, begins at the 

start codon near the 5/ end of mRNA. 

  in Prokaryotes, the 5/ end has no special 

significance, and there can be many 

ribosome binding sites(shine Dalgarno 

sequences) in interior of an mRNA chain, 

each resulting in the synthesis of a different 

protein. Dr. Imran Riaz Malik 

Molecuar  Biology 



29 

 mRNA 

  Eukaryotic mRNA molecules have some 

peculiar characteristics. The 5/ end  of mRNA 

is capped by a 7-methylguanosine 

triphosphate which is linked to an adjacent  

2/-O-methyribonucleotide at its 5/- hydroxyl 

through the 3 phosphates. 

   The cap is probably involved in recognition 

of mRNA by translating machinery. The 

translation of mRNA into proteins begins at 

the capped 5/ end.  

  The other end of most mRNA molecules, the 

3/ hydroxyl of poly A tail at the 3/ End of 

mRNA is not under stood.  

  It probably serves to maintain the 

intracellular stability of specific mRNA. 
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Structure of RNA 

 

  Heterogeneous Nuclear RNA(hnRNA) 

  In mammalian cells, including those of 

human, a precursor RNA is first synthesized 

in nucleoplasm by DNA-dependent RNA 

polymerase 

  This precursor is then degraded by a nuclear 

nuclease to mRNA that is then translocated 

to cytoplasm where it becomes associated to 

ribosomal system.  

  The hnRNA molecules may have molecular 

weights exceeding 107 Daltons where as the 

mRNA molecules are generally smaller than 

2x106 Daltons. 
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Structure of RNA 

 

  Heterogeneous Nuclear RNA(hnRNA) 

  Most mammalian mRNA molecules are 400-

4000 nucleotides in length whereas a hnRNA 

molecule possesses 5000 to 50000 

nucleotides. 

  some uncertainty still exists concerning the 

precursor-product relationship between 

hnRNA and mRNA, the former being 10-100 

times longer than the latter. Thus the hnRNA 

molecules appear to be processed to 

generate the mRNA which then enter the 

cytoplasm to serve as templates for protein 

synthesis.  
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