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Lecture 8 

Nucleic Acids and Protein Synthesis 

Chapter 23: Section 1-5 

Information Contained Within Each Cell 

•! Most higher organisms reproduce sexually  
–! Sperm cell + Egg cell ! Fertilized egg 

•! The wondrous outcome is a fertilized egg that carries 
all the information needed to make the various cells, 
tissue, and organs necessary for the new individual to 
function 

•! In addition, if the species is to survive information is 
to be set aside in germ cells for the production of new 
individuals 

The Nuclei 
•! The blueprint for reproduction and maintenance of each 

organisms is found in the nuclei of all cells, concentrated 
on chromosomes 

•! Chromosomes are complex structures of DNA and 
protein 

Chromosome 

•! The number of 
chromosomes varies from 
species to species  

•! Humans have 23 pairs of 
chromosomes, containing a 
total of 80,000 to 100,000 
different genes 

•! Sperm and egg cells have 
one copy of each 
chromosome, fertilization 
yields a full set of 
chromosomes 

Genes 

•! The basic units of 
heredity, called 
genes are arranged 
along the 
chromosomes in a 
linear fashion 

•! Genes are distinct 
segments of DNA 
that code for a 
specific polypeptide 

Two Types of Nucleic Acids 

•! DNA (Deoxyribonucleic Acid) occurs in the cell nucleus of 
cells and stores genetic information 

•! RNA (Ribonucleic Acid) is found in all parts of the cell 
and is responsible for transmitting or expressing the 
genetic information contained in the DNA 
–! mRNA carries the information needed for the synthesis of unique 

protein (a few % of RNA) 

–! rRNA makes up 80% of the total RNA needed for the formation of 
ribosomes 

–! tRNA is the smallest RNA and binds specific amino acids, 
carrying them to the ribosome, where the amino acids will get 
incorporated into protein 



2 

Nucleotide Nomenclature 

•! The nitrogen base by itself ends in ine, except uracil 

•! The term nucleoside is used for the base + sugar 

•! The term nucleotide is used for the base + sugar + 
phosphate(s) 

•! The suffix osine denotes purine nucleosides: 
–! Ex. Guanosine 

•! The suffix idine denotes pyrimidine nucleosides:  
–! Ex. Cytidine 

•! The prefix deoxy is used if the base is combined with 
a deoxyribose 
–! Deoxyguanosine 

Components of a Nucleotide 

•! Nucleic Acids! Nucleotides! Nucleosides !Nitrogen bases 

          + H3PO4           + Pentoses 

Nucleoside 

Nucleotide 

Adenine 

An N-glycosyl 
linkage always "" in 
naturally occurring 
nucleotides and 
nucleosides, joins 
the pentose to the 
nitrogen base  

C1 !! N1 Pyrimidines 
C1 !! N9 Purines 

Functions of Nucleotides 

•! Nucleotides are the monomer units of DNA and 
RNA 

•! The nucleotides and some of their derivatives 
perform a variety of other functions in the cell: 
–! ADP and ATP are involved in many metabolic 

processes 
–! cAMP is a cyclic structure in which the phosphate 

group is bonded to the 3’ & 5’ ribose carbon, plays a 
crucial role in metabolism  

–! A number of coenzymes including FAD, NAD+, and 
CoA contain adenine nucleotides as structural 
components 

Nucleotide Sequences 

•! To specify the primary structure must specify sequence 

•! To write the sequence  
1) Start with the nucleotide having a free phosphate group (the 5’ 

end)  

2) Then indicate the nucleotides in order using the 1 letter code 

3) The final nucleotide has a free -OH on the 3- carbon known as the 
3’ end  

•! Example: 
    5’-TACG-3’ 

•! For DNA, a lower case d is written in front of the sequence 

•! Example: 
    5’-dTACG-3’ 

Primary Structure of DNA 

•! Nucleotides are joined to 
one another via the 
phosphate group to form 
nucleic acid chains 

•! The backbone of the chain 
consists of alternating 
phosphate and sugar units 

•! Purine and pyrimidine 
bases branch off the sugar 
phosphate backbone  

DNA Structure 

•! Initial work revealed that the polymer had a structure 
with a regular repeating pattern 

•! Erwin Chargoff then showed that the molar amount of: 

•! A=T       and     C=G 

•! Watson and Crick along with the help of Rosalin 
Franklin showed that the structure of DNA is 
composed of two nucleic acid chains that run anti-
parallel, forming a double helix   
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DNA Base Pairing 

•! Pyrimidines and purines base 
pair in a specific manner: 
–!A=T     &     G=C 

•! These specific base pairs are 
referred to as complementary 
bases 

•! Why does this specific pattern 
form? 
–!H-bonding, the distance 

will be equal between the 
bases along the whole 
length of the DNA 

Composition of Nucleotides From 
DNA and RNA 

DNA RNA 

Purine bases Adenine 

Guanine 

Adenine 

Guanine 

Pyrimidine bases Cytosine 

Thymine 

Cytosine 

Uracil 

Pentose sugar 2-Deoxyribose Ribose 

Inorganic acid Phosphoric Acid Phosphoric Acid 

Structural Differences between 
Nucleotides 

DNA (Deoxynucleotide) RNA (Ribonucleotide) 

The Three Big Processes 

•! DNA stores genetic information, while RNA is 
responsible for transmitting or expressing genetic 
information by directing the synthesis of thousands of 
proteins in living organisms 

•! The three processes that allow for everything to occur 
are: 

1)! Replication- process in which new copies of DNA are made 
2)! Transcription- process in which a segment of DNA is 

transcribed into RNA 

3)! Translation- process in which the information in RNA is 
translated into a protein sequence 

Replication of DNA 

•! New cells are continuously forming 
in the body through the process of 
cell division, a copy of DNA from 
one cell will be copied and passed 
on to the daughter cell 

•! In order to copy the DNA the two 
chains of the double helix must be 
pulled apart (disrupting the H-bonds 
between the base pairs) each chain 
will then act as a template for the 
synthesis of new DNA  

DNA Replication Enzymes 

1)! DNA is separated 

2)! DNA Polymerase recognizes 
each base in the template 
and matches it to the 
complementary base in a 
free nucleotide 

3)! The enzyme then catalyzes 
the formation of an ester 
bond between the 5’-
Phosphate group of the 
nucleotide and the 3’-OH of 
the growing DNA chain 
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Transcription: RNA Synthesis 

•! All of the RNA found in a cell is synthesized from DNA 
by a template mechanism analogous to DNA 
replication 

•! In this case only a portion of one DNA strand is copied 

•! The DNA sequence that is transcribed is the template 
strand, while the complementary sequence on the 
other DNA strand is the coding strand  

The three forms of RNA that are 
formed during transcription are 
different in function, size, and 
stability  

Process of Transcription 

•! To initiate transcription the two DNA strands unwind at 
specific sites (Promoter Regions) 

•! Ribonucleotides are then recruited to the uncoiled 
region and added to the growing 3’-end 

•! Nucleotides are added according to the rules of base 
pairing T!A, C!G, G!C, and A!U 

Only a short segment  RNA is bound 
to the template at any one time 

Messenger RNA (mRNA) 

•! mRNA makes up only a 
small percent of the total 
RNA within the cell, primarily 
because a molecule will exist 
for a relatively short time 

•! Like proteins, it is 
continuously being degraded 
and re-synthesized 

•! The molecule exists as a 
single strand random coil, 
with very little H-bonding 

Ribosomal RNA (rRNA) 

•! The ribosome is a cellular 
substructure that serves as the site 
for protein synthesis 

•! Its composed of ~65% rRNA and 
35% protein, held together by non-
covalent forces 

•! Structurally it is composed of two 
subunits 
–! A small subunit that recruits mRNA 
–! A large subunit that recruits the tRNA 

•! Ribosomes are more often seen as 
clusters known as polyribosomes 
(polysomes) bound to the 
endoplasmic reticulum 

Transfer RNA (tRNA) 

•! Each different tRNA molecule is 
attached to a specific amino acid 
in a reaction catalyzed by a 
specific tRNA synthetase 

•! The tRNA carries the amino acid 
to the ribosome and is recruited 
based on codon-anticodon 
recognition 

•! Each of the 20 AA has at least 
one corresponding tRNA 

Cellular Location of Processes 

•! Nucleus 
–!DNA Replication 

–!Transcription 

•! Cytoplasm 
–!Translation 
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Questions???? 

Quiz 3 

1.! Name two ways to inactivate an  enzyme, 
non-specifically (1 pt/ each). 

2.! Name one way to speed up the rate of an 
enzymatic reaction (1 pt). 

3.! Name one type of reversible inhibition (1 
pt). 

4.! What vitamins are important precursors 
for cofactors (1 pt)? 


