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Introduction to Molecular biology 
 

The building blocks of all forms of life are cells. Simple organisms 

such as bacteria exist as single cells. Plants and animals are composed of 

many cell types, each organized into tissues and organs of specific 

functions. The determinants of genetic traits of living organisms are 

contained within the nucleus of each cell, in the form of a type of nucleic 

acids, called deoxyribonucleic acid (DNA). The genetic information in 

DNA is used for the synthesis of proteins unique to a cell. The ability of 

cells to express information coded by DNA in the form of protein 

molecules is achieved by a two-stage process of transcription and 

translation. 

 

         Transcription                  Translation 

DNA −−−−−−−−−−> RNA −−−−−−−−−−−− > Protein 

 

The discovery that DNA is the prime genetic molecule, carrying all of the 

hereditary information within chromosomes, immediately focused 

attention on its structure. it was hoped that knowledge of the structure 

would reveal how DNA carries the genetic messages that are replicated 

when chromosomes divide to produce two identical copies of themselves. 

There initially were fears that DNA might have very complicated and 

perhaps bizarre structures that differed radically from one gene to 

another. the fundamental DNA structure was found to be the double helix. 

This told us that all genes have roughly the same three-dimensional form 

and that the differences between two genes reside in the order and 

number of their four nucleotide building blocks along the complementary 

strands. 

 

Nucleotides, Nucleic Acids and Gene. 
 

Nucleotides, Building Blocks of Nucleic Acids The amino acid 
sequence of every protein in a cell, and the nucleotide sequence of 
every RNA, is specified by a nucleotide sequence in the cell’s 
DNA.  A segment of a DNA molecule that contains the information 
required for the synthesis of a functional biological product, 
whether protein or RNA, is referred to as a gene. A cell typically 
has many thousands of genes, and DNA molecules, not 
surprisingly, tend to be very large. The storage and transmission 
of biological information are the only known functions of DNA. 
RNAs have a broader range of functions, and several classes are 
found in cells. Ribosomal RNAs (rRNAs) are components of 
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ribosomes, the complexes that carry out the synthesis of proteins. 
Messenger RNAs (mRNAs) are intermediaries, carrying genetic 
information from one or a few genes to a ribosome, where the 
corresponding proteins can be synthesized. Transfer RNAs 
(tRNAs) are adapter molecules that faithfully translate the 
information in mRNA into a specific sequence of amino acids. In 
addition to these major classes there is a wide variety of RNAs 
with special functions.  
 

 DNA molecule contains numerous discrete pieces of 
information, each coding for the structure of a particular protein. 
Each piece of the information that specifies a protein corresponds 
to only a very small segment of the DNA molecule. In humans, 
there are ~31,000 genes organized in 46 chromosomes, complex 
structures of DNA molecules associated with proteins.  
 

Biological systems are optimized for efficiency; proteins are 
made only when needed. This means that transcription and 
translation of a gene in the production of a protein are highly 
regulated by a number of control elements, many of which are 
themselves proteins. These regulatory proteins are in turn coded 
by a set of genes. It is therefore more appropriate to define a gene 
as a functional unit.  

Genes involve two types: 
 (1) the structural gene sequence that encodes the protein,  
(2) genes that are involved in the regulatory function of the 

structural gene and process.  
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Structures of Nucleic Acids 

1- Deoxyribnucleic acid (DNA)  

DNA is a polymer of deoxyribonucleotides. All nucleic acids consist 

of nucleotides as building units of nucleic acid . A nucleotide has three 

components: sugar, base, and a phosphate group.  

In the case of DNA, The  nucleotide consists of a phosphate joined 

to a sugar, known as 2-deoxyribose, to which a base is attached. The 

phosphate and the sugar have the structures shown in Figure (1). The 

sugar is called 2-deoxyribose because there is no hydroxyl at position 2 ( 

just two hydrogens). So the nucleotide is known as deoxyribo nucleotide. 

The sugar and base alone are called a nucleoside.  

Nitrogen base is either a purine (adenosine or guanine) or a 

pyrimidine (thymine or cytosine). 
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Nucleotides are, in turn, joined to each other in polynucleotide 

chains through the 3 -hydroxyl of 2 -deoxyribose of one nucleotide and 

the phosphate attached to the 5 -hydroxyl of another nucleotide (2). This 

is a phosphodiester linkage in which the phosphoryl group between the 

two nucleotides has one sugar links to it through a 3 -hydroxyl and a 

second sugar links to it through a 5 -hydroxyl.  

Phosphodiester links create the repeating, sugar–phosphate backbone 

of the polynucleotide chain, which is a regular feature of DNA. In 

contrast, the order of the bases along the polynucleotide chain is irregular. 

This irregularity as well as the long length is, as we shall see, the basis for 

the enormous information content of DNA. 

 

DNA chains have a free 5 -phosphate or 5 -hydroxyl at one end and 

a free 3 -phosphate or 30 -hydroxyl at the other end. The convention is to 

write DNA sequences from the 5end (on the left) to the 3end, generally 

with a 5 -phosphate and a 3 -hydroxyl. 

 

The bases fall into two classes, purines and pyrimidines. The 

purines are adenine and guanine, and the pyrimidines are cytosine and 

thymine. The purines are derived from the double-ringed structure shown 

in Figure (3). Adenine and guanine share this essential structure but with 

different groups attached. Likewise, cytosine and thymine are variations 

on the single-ringed structure. 

 

 

 

 

 

 



Molecular biology.                                                       Dr. Khalid Abdulkadhum Altaie 

2nd stage                                                                           lectuer 2 

 

 

  

 

Double helix structure and complementary base pairing 

The double helix consists of two polynucleotide chains that are 

aligned in opposite orientation. The two chains have the same helical 

geometry but have opposite 5 to 3 orientations. That is, the 5 to 

3orientation of one chain is antiparallel to the 5 to 3 orientation of the 

other strand (2). 

The two chains interact with each other by pairing between the 

bases, with adenine on one chain pairing with thymine on the other chain 

and, likewise, guanine pairing with cytosine. Thus, the base at the 5 end 

of one strand is paired with the base at the 3 end of the other strand. The 

antiparallel orientation of the double helix is a stereochemical 
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consequence of the way that adenine and thymine, and guanine and 

cytosine, pair with each together. 

The pairing between adenine and thymine, and between guanine and 

cytosine, results in a complementary relationship between the sequence of 

bases on the two intertwined chains and gives DNA its self-encoding 

character. For example, if we have the sequence 5-ATGTC-3 on one 

chain, the opposite chain must have the complementary sequence 3-

TACAG-5 . 

 

DNA Molecules  characteristic 

the four nucleotide bases of DNA occur in different ratios in the 

DNAs of different organisms and that the amounts of certain bases are 

closely related. leds to the following conclusions: 

 

1. The base composition of DNA generally varies from one species to 

another. 

2. DNA specimens isolated from different tissues of the same species 

have the same base composition. 

3. The base composition of DNA in a given species does not change with 

an organism’s age, nutritional state, or changing environment. 

4. In all cellular DNAs, regardless of the species, the number of 

adenosine residues is equal to the number of thymidine residues (that is, 

A=T), and the number of guanosine residues is equal to 

the number of cytidine residues (G = C). From these relationships it 

follows that the sum of the purine residues equals the sum of the 

pyrimidine residues; that is, A + G = T +C. 

(These quantitative relationships, sometimes called“Chargaff’s rules,”) 
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Watson-Crick model for the structure of DNA. The original model 

proposed by Watson and Crick had 10 base pairs,(3.4 nm), per turn of the 

helix; subsequent measurements revealed 10.5 base pairs, or 36 Å (3.6 

nm), per turn.  

 

 

Writing a DNA Molecule 

Since the deoxyribose and phosphate backbones are the same for every 

nucleotide, a DNA molecule can simply be represented by the bases, with 

indication of the 5' end of the DNA strand. For example, a DNA sequence 

is represented: 5'-ATGTCGGTTGA. Also note that a DNA sequence is 

always read in a 5' to 3' direction. In writing a DNA sequence, always 

starts with the 5' end. Conventionally, only the sequence of one strand is 

presented because the complementary strand can readily be deduced. 
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DNA Replication 

 

Overview 

Cells Multiply By The Process Of Mitosis, After Duplication Of The 

Nuclear Genome (Chromosomes) During S-Phase Of The Cell Cycle. 

(Mitochondrial DNA Is Replicated Independently And Out Of Phase With Nuclear 

DNA). Although The Overall Sequence Of Events During Replication Of Nuclear 

DNA In Higher Organisms (Eukaryotes) Is Similar To That In Bacteria 

(Prokaryotes). 

 

DNA Replication processes: 

Since each daughter DNA duplex contains one old strand from the parent 

molecule and one newly synthesized strand, the replication process is described as 

semiconservative. 

The place on the DNA double helix that first unwinds to begin replication is 

called the replication origin. Here the double strand is split open by a helicase 

enzyme to expose the base sequences. Replication proceeds along the single 

strands at about 40–50 nucleotides per second, simultaneously in both directions. 

In higher organisms there are many replication origins spaced about 50–300 kb 

apart. The resulting separations of the DNA strand are called replication bubbles, 

at each end of which is a replication fork. New DNA is synthesized by enzymes 

called DNA polymerases, from deoxyribonucleotide triphosphates (ATP, GTP, 

etc.) which in the process are converted into monophosphate nucleotides (AMP, 

GMP, etc.). The release and hydrolysis of pyrophosphate from the triphosphates 

provides energy for the reaction and ensures it is virtually irreversible, making 

DNA a relatively very robust molecule. All DNA polymerases can build new DNA 



Molecular biology.                                                                               Dr. Khalid Abdulkadhum Altaeiy 
2nd stage                                                                                                                                          lectuer 3 
 
 

only in the 5′ to 3′ direction, which means they must move along their template 

strands from 3′ to 5′. Replication can therefore occur continuously from the origin 

of replication along only one strand, called the leading strand. The other strand is 

called the lagging strand and, because of the reverse orientation of the sugars, 

along this strand, replication takes place only in short stretches. The new sections 

of DNA along the lagging strand are typically 100–200 bases long and are known 

as Okazaki fragments. Following their synthesis they are linked together by 

action of the enzyme DNA ligase. While awaiting replication the parental single- 

strand sequence of the lagging strand is temporarily protected by single-strand 

binding protein (or helix destabilizing protein). Leading strand synthesis 

requires DNA polymerase δ; lagging strand synthesis uses a different enzyme, 

DNA polymerase α. The latter contains a DNA primase subunit that produces a 

short stretch of RNA, which acts as a primer for DNA synthesis. 

Replication of mitochondrial DNA occurs independently of that in the nucleus and 

utilizes a different set of enzymes, including the mitochondria-specific DNA 

polymerase γ. 

Replication of the telomeres 

Synthesis of DNA at the end of the lagging strand is problematical as DNA 

polymerase α needs to attach beyond the end of the sequence that is being 

replicated and work proximally, in the 5′-3′ direction. A specialized DNA synthetic 

enzyme called telomerase provides an extension of the lagging strand that enables 

this to happen. Telomerase is a ribonucleoprotein that contains an RNA template 

with the sequence 3′-AAUCCCAAU-5′. This is complementary to one-and-a-half 

copies of the six-base telomeric DNA repeat, 5′- GGGTTA-3′. The 3′-AAU of the 

RNA sequence of the telomerase binds to the terminal -TTA-5′ of the template 

lagging strand, leaving the rest of the RNA sequence exposed. 
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Deoxyribonucleotides then assemble on this RNA template, extending the DNA 

repeat sequence by one unit. The telomerase then detaches and moves along to the 

new DNA terminal -TTA-5′, where the process is repeated. 

When a sufficiently long terminal repeat has been formed, DNA polymerase α 

attaches to the single-strand extension and assembles the complementary DNA 

strand in a proximal 5′-3′ direction back to the old end of the double strand, to 

which it becomes linked by the action of DNA ligase. 

Repair systems 

Occasionally a wrong base is inserted into a growing strand but, fortunately, 

healthy cells contain postreplication repair enzymes and base mismatch 

proofreading systems that correct such errors. These remove and replace the 

erroneously inserted bases, using the template strand as a guide. These repair 

systems utilize two additional DNA polymerases: β and ε. 

Medical issues 

Several cancer-predisposing conditions arise from defects in different 

aspects of the post-replication repair and mismatch repair systems. These include 

the chromosome breakage syndrome called Bloom syndrome, familial 

predisposition to breast cancer caused by mutations in the genes BRCA1 and 

BRCA2 and an autosomal dominant form of bowel cancer called hereditary non-

polyposis colon cancer (HNPCC). One theory holds that telomeres are reduced in 

length at every round of mitosis and that the number of repeats they contain may 

play a role in limiting the number of times a cell can divide. On this theory, 

abnormally efficient, mutant telomerases may promote the indefinite growth of 

cancer cells by delaying telomere decay. 
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Genetic Mutation 

A gene mutation is a permanent alteration in the DNA sequence 

that makes up a gene, such that the sequence differs from what is found in 

most people. Mutations range in size; they can affect anywhere from a 

single DNA building block (base pair) to a large segment of a 

chromosome that includes multiple genes. 

Classification of mutation 

The sequence of a gene can be altered in a number of ways. Mutations 

in the structure of genes can be classified as: 

A.  Small-scale mutations, that  affecting a small gene in one or a few 

nucleotides, including:  

1. Point mutations, often caused by chemicals or error of DNA 

replication, exchange a single nucleotide for another. These 

changes are classified as transitions or transversions. transition 

that exchanges a purine for a purine   (A ↔ G) or a pyrimidine for 

a pyrimidine, (C ↔ T). transversion, which exchanges a purine 

for a pyrimidine or a pyrimidine for a purine (CorT ↔ AorG). 

  

Note A point mutation can be reversed by another point mutation, in 

which the nucleotide is changed back to its original state.  

Point mutations that occur within the protein coding region of a 

gene may be classified into three kinds, depending upon effect on 

codes for:  

 Silent mutations, which code for the same amino acid. 

 Missense mutations, which code for a different amino acid. 

 Nonsense mutations, which code for a stop codon and can 

truncate the protein. 

  

2. Insertions add one or more extra nucleotides into the DNA. 

Insertions in the coding region of a gene may alter splicing of the 

https://en.wikipedia.org/wiki/Point_mutation
https://en.wikipedia.org/wiki/Pyrimidine
https://en.wikipedia.org/wiki/Coding_region
https://en.wikipedia.org/wiki/Silent_mutation
https://en.wikipedia.org/wiki/Missense_mutation
https://en.wikipedia.org/wiki/Nonsense_mutation
https://en.wikipedia.org/wiki/Stop_codon
https://en.wikipedia.org/wiki/Insertion_%28genetics%29
https://en.wikipedia.org/wiki/RNA_splicing
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mRNA  or cause a shift in the reading frame, both of which can 

significantly alter the gene product.  

3. Deletions remove one or more nucleotides from the DNA. Like 

insertions, these mutations can alter the reading frame of the gene. 

In general, they are irreversible. 

B. Large-scale mutations in chromosomal structure, including:  

1. Amplifications (or gene duplications) leading to multiple copies of 

all chromosomal regions, increasing the dosage of the genes 

located within them. 

2. Deletions of large chromosomal regions, leading to loss of the 

genes within those regions. 

 Hereditary mutations are inherited from a parent and are present 

throughout a person’s life in every cell in the body. These 

mutations are also called germline mutations because they are 

present in the parent’s egg or sperm cells, which are also called 

germ cells. When an egg and a sperm cell unite, the resulting 

fertilized egg cell receives DNA from both parents. If this DNA 

has a mutation, the child that grows from the fertilized egg will 

have the mutation in each of his or her cells. 

 Acquired (or somatic) mutations occur at some time during a 

person’s life and are present only in certain cells, not in every cell 

in the body. These changes can be caused by environmental factors 

such as ultraviolet radiation from the sun, or can occur if a mistake 

is made as DNA copies itself during cell division. Acquired 

mutations in somatic cells (cells other than sperm and egg cells) 

can not be passed on to the next generation. 

 

Errors in replication and damage to DNA have two consequences. 

1. introduction of permanent changes to the DNA (mutations), which can 

alter the coding sequence of a gene or its regulatory sequences. 

2. Some chemical alterations to the DNA prevent its use as a template for 

replication and transcription.  

https://en.wikipedia.org/wiki/Messenger_RNA
https://en.wikipedia.org/wiki/Reading_frame
https://en.wikipedia.org/wiki/Gene_product
https://en.wikipedia.org/wiki/Deletion_%28genetics%29
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Gene_duplication
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The effects of mutations generally become manifest only in the 

progeny of the cell in which the sequence alteration has occurred, but 

DNA lesions or structural changes to the DNA that impede replication or 

transcription can have immediate effects on cell function and survival. 

The the cell should be confirm  two steps . First, it must scan the 

genome to detect errors in synthesis and damage to the DNA. Second, it 

must mend the lesions and do so in a way that, if possible, restores the 

original DNA sequence. 

 

Mismatch Repair Removes Errors That Escape Proofreadin 

Mechanism exists for detecting mismatches and repairing them. 

Final responsibility for the fidelity of DNA replication rests with this 

mismatch repair system, which increases the accuracy of DNA synthesis 

by an additional two to three orders of magnitude. The mismatch repair 

system faces two challenges. First, it must scan the genome for 

mismatches. the mismatch repair system must rapidly find and repair 

mismatches. Second, the system must correct the mismatch accurately; 

that is, it must replace the misincorporated nucleotide in the newly 

synthesized strand and not the correct nucleotide in the parental strand. 
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Translation 
 
Introns and Exons 

In eukaryotes, the coding region of mRNA is interrupted by segments 

of DNA that do not encode amino acids. These non coding DNA 

segments are called introns ,The coding sequences are exons. The introns 

are removed before translation in a process called splicing. 

 

Monocistronic RNA and Polycistronic RNA 

Eukaryotic mRNAs are generally monocistronic in that a single mRNA 

translates into one polypeptide. In contrast, prokaryotes are polycistronic 

in that a single mRNA may produce several polypeptides. 

 

Post-transcriptional modification  
Post-transcriptional modification  is a process in cell biology by 

which, in eukaryotic cells, primary transcripted RNA is converted into 

mature RNA. A notable example is the conversion of precursor 

messenger RNA into mature messenger RNA (mRNA), which includes 

1.splicing and occurs prior to protein synthesis. This process is vital for 

the correct translation of the genomes of eukaryotes because the human 

primary RNA transcript that is produced, as a result of transcription, 

contains both exons, which are coding sections of the primary RNA 

transcript and introns, which are the non-coding sections of the primary 

transcripted RNA.  

2.Capping of the pre-mRNA involves the addition of 7-methylguanosine 

(m
7
G) to the 5' end. 

3. Polyadenylation is the addition of a poly(A) tail to a messenger RNA. 

The poly(A) tail consists of multiple adenosine monophosphates. 

 

Translation 
translation is an process by which the protein is syntheses by 

ribosomes depending on genetic information carried by mRNA. The 

translation of mRNA requires two additional classes of RNA: 

(1) Ribosomal RNA (rRNA) which forms a major component of the 

ribosome where translation occurs;  

(2) Transfer RNA (tRNA) which "reads" the mRNA and converts the 

information in the nucleotides into an amino acid sequence. Transfer 

RNA, 3' end attached to an amino acid, and a loop region consisting of a 

3- nucleotide anticodon which bind to complementary cod of mRNA and 

detect the amino acid that shuid be added in grown protein . There are 20 

https://en.wikipedia.org/wiki/Cell_biology
https://en.wikipedia.org/wiki/Eukaryotic_cells
https://en.wikipedia.org/wiki/Primary_transcript
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Precursor_messenger_RNA
https://en.wikipedia.org/wiki/Precursor_messenger_RNA
https://en.wikipedia.org/wiki/Mature_messenger_RNA
https://en.wikipedia.org/wiki/Messenger_RNA
https://en.wikipedia.org/wiki/RNA_splicing
https://en.wikipedia.org/wiki/Protein_synthesis
https://en.wikipedia.org/wiki/Translation_%28biology%29
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Transcription_%28biology%29
https://en.wikipedia.org/wiki/Exons
https://en.wikipedia.org/wiki/Introns
https://en.wikipedia.org/wiki/7-methylguanosine
https://en.wikipedia.org/wiki/Messenger_RNA
https://en.wikipedia.org/wiki/Adenosine_monophosphate
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amino acids, each carried by one or more tRNAs with specific 

anticodons. 

The tRNAs carry specific amino acids that are chained together into 

a polypeptide as the mRNA passes through and is "read" by the ribosome. 

The entire process is a part of gene expression. 

In brief, translation proceeds in four phases: 

1. Initiation: The ribosome assembles around the target mRNA. The 

first tRNA is attached at the start codon. 

2. Elongation: The tRNA transfers an amino acid to the tRNA 

corresponding to the next codon. 

3. Translocation: The ribosome then moves (translocates) to the 

next mRNA codon to continue the process, creating an amino acid 

chain. 

4. Termination: When a stop codon is reached, the ribosome releases 

the polypeptide. 

In bacteria, translation occurs in the cell's cytoplasm, where the large 

and small subunits of the ribosome bind to the mRNA. In eukaryotes, 

translation occurs in the cytosol or across the membrane of the 

endoplasmic reticulum. 

 

 

https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Start_codon
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Ribosome
https://en.wikipedia.org/wiki/Cytosol
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
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The Genetic Code 
There are 64 possible codons (3 nucleotides in each codon ).1 codon 

(AUG) is used as a start signal for translation, and 3 codons (UAA, UAG, 

or UGA) are termination signals. The AUG codon also codes for the 

amino acid methionine. Since there are 61 codons for 20 amino acids, 

there is more than one codon coding for one amino acid, as can be seen 

clearly from the codon table 

 
 

Genetic code table 
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Regulation of gene expression 

 

A gene is a segment of DNA existing as an expression unit. a DNA 

molecule may consist of many genes. In humans, the genetic information 

is stored in 46 DNA molecules organized as 23 pairs of chromosomes, 

amounting to a total of 3.2 x 10' bp, and estimated ~31,000 genes. 

 

Consider a general organization of a structural gene in a DNA molecule. 

The DNA segment preceding the transcription start site is the 5' flanking 

region. This region known as the upstream region. The DNA sequence 

following the transcription termination site is called the 3' flanking region 

or downstream region. The terms "upstream" and "downstream" are also 

used to refer the relative positions of two locations in a sequence. 

 

The Control System  

Translation Termination Site 

Translation terminates at a stop codons (UGA, UAG, or UAA). There are 

no tRNA with anticodons that can base pair with these three codons. 

therefore the mRNA detaches from the ribosome. In some cases, 

arrangement of several stop codons may act as the termination signal. 

Transcriptional Control 

Analogous to bacterial transcriptional control, there are promoters, In 

addition, there are two controlling sequence, first positively acting DNA 

sequences called enhancers that are involved in the activation of 

transcription. second negatively acting DNA sequences called silencer 

which are involved. 
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in the repression of transcription. The location of enhancers and silencer 

can be upstream or downstream of the promoter, or even thousands of 

bases away from the promoter. 

The assembly of promoter, enhancer or silencer, and transcription factors 

constitute the molecular machinery for controlling the transcriptional 

activity of a gene. The specific combination of transcription factors and 

their interactions with DNA sequences plays a central role in which genes 

are differentially expressed, giving rise to specific cell types. 

 

Ribosome Binding Sequence 

Instead of the Shine-Dalgarno sequence in prokaryotic mRNAs, 

eukaryotic ribosomes utilizes efficiently a sequence in the mRNA known 

as the Kozak sequence which lies within a short 5'untranslated region, 

for binding and initiating the translation process. 



Stracture of gene 

Proteins are also the main structural components of the body. The amino 

acid sequences of all proteins are coded in the DNA. Conversion of the 

DNA encoded information into protein involves transcription into an 

RNA copy, mRNA (messenger RNA),  translation this mRNA  into 

polypeptide and elaboration into protein. A ‘gene’ consists not only of 

protein-coding DNA, but also of ‘upstream’ controlling sequences 5′ to 

the coding region, non-coding sequences within the coding region and 

also ‘downstream’ sequences 3′ to the coding region concerned also with 

control of gene expression. Some genes overlap others, or are contained 

within others, and the noncoding sequences of some genes act as the 

coding sequences of others. 

The structure of a typical gene 

Eukaryote DNA differs from that of prokaryotes in that most of its genes 

contain redundant DNA interrupting the coding sequences. These 

stretches of non-coding DNA are called introns, while the coding 

sequences are exons. Outside the protein-coding region are a leader and 

trailer, plus a variety of transcriptional control sequences. Genes that code 

for protein are called ‘structural genes’ and their transcription is 

performed by RNA polymerase II (Pol II). A sequence just ‘upstream’ 

(i.e. 5′) of the coding sequence constitutes the promoter, which indicates 

where Pol II should begin its action. Among proteins we distinguish 

‘housekeeping proteins’ present in all cell types and ‘luxury proteins’ 

produced for specialized functions. The promoters of genes in the latter 

category and those transcribed only at certain stages of the cell cycle 

include a ‘TATA box’, this being a variant of 5′-TATAAA-3′ (on the 

‘sense’ or coding strand). This is located 25 bp ‘upstream’ (i.e. −25 bp) of 

the transcription initiation site. Mutations in the TATA box cause 



transcription to begin at incorrect locations. Instead of a TATA box, 

genes that code for housekeeping proteins usually have one or more ‘GC 

boxes’ in variable positions, containing a variant of 5-GGGCGG-3′. 

 Housekeeping proteins include DNA and RNA polymerase and the 

ribosomal proteins. Some genes have multiple GC boxes both upstream 

and downstream of the coding sequence and in either orientation. The 

histone genes have both TATA and GC boxes. 

There are often also enhancer and silencer sequences some distance 

away, which bind controlling factors that interact with the promoter by 

looping of the DNA. Some ‘luxury’ genes have additional function-

specific control elements. 

‘Downstream’ (i.e. 3′) of the transcription initiation site is the noncoding 

leader sequence corresponding to the leader of the transcribed 

polypeptide. The coding message follows, usually interrupted by several 

introns, followed by the non-coding trailer sequence. 

Overlapping genes 

About 9% of human structural genes overlap other such genes. More than 

90% of overlapping genes are transcribed from opposite strands, the 

remainder from the same strand using different promoters and different 

reading frame.  

In some cases small genes are located within the introns of large genes. 

Some protein-coding genes are overlapped by genes coding for non-

coding RNA. Some long RNA transcripts are cleaved to produce two 

smaller RNAs, both with controlling functions. 
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Proteins 

Proteins are the most abundant biological macromolecules, occurring in all 

cells and all parts of cells. Proteins also occur in great variety, thousands of 

different types, ranging in size from relatively small peptides to huge polymers 

with molecular weights in the millions may be found in a single cell.  

 Proteins exhibit enormous diversity of biological function and are the most 

important final products of the genetic information. Proteins are the molecular 

instruments through which genetic information are expressed.  

Proteins are polymers of amino acids, in with each amino acid residue joined 

to its neighbor by a specific type of covalent bond called peptide bond. Twenty 

different amino acids are commonly found in proteins.  This amino acids are 

classified into five types on the basis of the polarity and charge (at pH 7) of their R 

groups.  

Peptides and Proteins 

polymers of amino acids, the peptides and proteins. Biologically occurring 

polypeptides range in size from small to very large, consisting of two or three to 

thousands of linked amino acid residues. Two amino acid molecules can be 

covalently joined through a substituted amide linkage, termed a peptide bond, to 

yield a dipeptide When a few amino acids are joined in this manner, the structure is 

called an oligopeptide. When many amino acids are joined, the product is called a 

polypeptide.  

Proteins may have thousands of amino acid residues. the amino acid residue 

at the end with a free _-amino group is the amino-terminal (or N-terminal) residue; 

the residueat the other end, which has a free carboxyl group, is the carboxyl-

terminal (C-terminal) residue. some proteins contain permanently associated 
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chemical components in addition to amino acids; these are called conjugated 

proteins. The non–amino acid part of a conjugated protein is usually called its 

prosthetic group. Conjugated proteins are classified on the basis of the chemical 

nature of their prosthetic groups for example, lipoproteins contain lipids, 

glycoproteins contain sugar groups, and metalloproteins contain a specific Usually 

the prosthetic group plays an important role in the protein’s biological function.  

Structureal Levels of Protein  

Four levels of protein structure are commonly defined. A description of all 

covalent bonds (mainly peptide bonds and disulfide bonds) linking amino acid 

residues in a polypeptide chain is its primary structure. The most important 

element of primary structure is the sequence of amino acid residues. Secondary 

structure refers to particularly stable arrangements of amino acid residues giving 

rise to recurring structural patterns. Secondary structure is the regular arrangement 

of amino acid residues in a segment of a polypeptide chain, in which each residue 

is spatially related to its neighbors in the same way. The most common secondary 

structures are the α helix and β sheet. 
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Tertiary structure describes all aspects of the three-dimensional folding of a 

polypeptide. There are two general classes of proteins based on tertiary structure: 

fibrous and globular. Fibrous proteins, which serve mainly structural roles, have 

simple repeating elements of secondary structure. Globular proteins have more 

complicated tertiary structures, often containing several types of secondary 

structure in the same polypeptide chain. 

 When a protein has two or more polypeptide subunits, their arrangement in 

space is referred to as quaternary structure. 

 

Differences in protein function result from differences in amino acid 

composition and sequence. Some variations in sequence are possible for a 

particular protein, with little or no effect on function. 
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Genetic of cancer,  

Tumors or cancer are the result of uncontrolled cell division. Normally, cell 

division is regulated by a family of extracellular growth factors, proteins that cause 

resting cells to divide and, in some cases, differentiate. Defects in the synthesis, 

regulation, or recognition of growth factors can lead to cancer. 

 Oncogenes,  

proto-oncogenes, genes which contain genetic information to synthesis  growth-

regulating proteins. 

Oncogenes Are Mutant Forms of the Genes coded for Proteins That Regulate the 

Cell Cycle or cell division (proto-oncogenes). Oncogenes were originally 

discovered in tumor-causing viruses, then later found to be closely similar to or 

derived from genes in the animal host cells,  

 During viral infections, the DNA sequence of a proto-oncogene is sometimes 

copied by the virus and incorporated into its genome. At some point during the 

viral infection cycle, the gene can become defective by truncation or mutation. 

When this viral oncogene is expressed in its host cell during a subsequent 

infection, the abnormal protein product interferes with normal regulation of cell 

growth, sometimes resulting in a tumor. 

Proto-oncogenes can become oncogenes without a viral intermediary. 

Chromosomal rearrangements, chemical agents, and radiation are among the 

factors that can cause oncogenic mutations. The mutations that produce oncogenes 

are genetically dominant; if either of a pair of chromosomes contains a defective 

gene, that gene product sends the signal “divide” and a tumor will result. The 

oncogenic defect can be in any of the proteins involved in communicating the 

“divide” signal. We know of oncogenes that encode secreted proteins, growth 

factors, transmembrane proteins (receptors), cytoplasmic proteins (G proteins and 
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protein kinases), and the nuclear transcription factors that control the expression of 

genes essential for cell division. 

Some oncogenes encode surface receptors with defective or missing signal-

binding sites such that their intrinsic Tyr kinase activity is unregulated. For 

example, mutation in gene coded for  protein ErbB, make this  protein essentially 

identical to the normal receptor for epidermal growth factor, except that ErbB lacks 

the terminal domain (binding site) that normally binds EGF (Fig. 1) and as a result 

of this mutation make it  sends the dividing signal whether EGF is present or not. 

Mutations in erbB2, gene for a receptor Tyr kinase related to ErbB, are commonly 

associated with cancers of the glandular epithelium in breast, stomach, and ovary.  

 

 

 

 

 

 

 

 

 

 

 

 

 Tumor Suppressor Genes 

Tumorsuppressor genes gene encode proteins that normally control cell division. 

Mutation in one or more of these genes can lead to tumor formation. Unregulated 

growth due to defective tumor suppressor genes, unlike that due to oncogenes, is 
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genetically recessive; tumors form only if both chromosomes of a pair contain a 

defective gene. In a person who inherits one correct copy and one defective copy, 

every cell has one defective copy of the gene. If any one of those 10
12

 somatic cells 

undergoes mutation in the one good copy, a tumor may grow from that doubly 

mutant cell. Mutations in both copies of the genes for pRb, yield cells in which the 

normal control on cell division is lost and a tumor forms. 

Genetic Consequence of cancer staging 

Mutations in oncogenes and tumor suppressor genes do not have an all-

or-none effect. In some cancers, perhaps in all, the progression from a normal cell 

to a malignant tumor requires an accumulation of mutations (sometimes over 

several decades), none of which, alone, is responsible for the end effect. For 

example, the development of colorectal cancer has several recognizable stages, 

each associated with a mutation (Fig. 2). If a normal epithelial cell in the colon 

undergoes mutation of both copies of the tumor suppressor gene APC 

(adenomatous polyposis coli), it begins to divide faster than normal and produces a 

clone of itself, a benign polyp (early adenoma). For reasons not yet known, the 

APC mutation cause a chromosomal instability; whole regions of a chromosome 

are lost or re-arranged during cell division. This instability can lead to another 

mutation, commonly in ras, gene that converts the clone into an intermediate 

adenoma. A third mutation (probably in the tumor suppressor gene DCC) leads to a 

late adenoma. Only when both copies of p53 become defective does this cell mass 

become a carcinoma, a malignant, life-threatening cancer. The full sequence 

therefore requires at least seven genetic “hits”: two on each of three tumor 

suppressor genes (APC, DCC, and p53) and one on the proto-oncogene ras. There 

are probably several other routes to colorectal cancer as well, but the principle that 

full malignancy results only from multiple mutations is likely to hold. When a 
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polyp is detected in the early adenoma stage and the cells containing the first 

mutations are removed surgically, late adenomas and carcinomas will not develop; 

hence the importance of early detection. 
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Cancer Biomarker 

A biomarker, or biological marker, a measurable indicator of some biological 

state or condition. The term is also used to refer to a substance, the presence of 

which indicates the animation of a living organism. Further,  Biomarkers are often 

measured and evaluated to examine normal biological 

processes, pathogenic processes, or pharmacologic responses to a therapeutic 

intervention. Biomarkers are used in many scientific fields 

Biomarkers are used to indicate an exposure to or the effect of xenobiotics which 

are present in the environment and in organisms. The biomarker may be genomic 

(DNA alteration), proteomic (presence or alteration in level of protein), metabolic 

(metabolic products). 

Biomarkers can be specific cells, molecules, or genes, gene products, enzymes, or 

hormones. Complex organ functions or general characteristic changes in biological 

structures can also serve as biomarkers. biomarkers have been used in pre-clinical 

research and clinical diagnosis for a considerable time. For example, body 

temperature is a well-known biomarker for fever. Blood pressure is used to 

determine the risk of stroke. It is also widely known that cholesterol values are a 

biomarker and risk indicator for coronary and vascular disease, and that C-reactive 

protein (CRP) is a marker for inflammation. 

Cancer biomarkers  

A cancer biomarker refers to a substance or process that is indicating presence 

of cancer in the body. A biomarker may be a molecule secreted by a tumor or a 

specific response of the body to the presence of 

cancer. Genetic, epigenetic, proteomic, metabolic, and imaging biomarkers can be 

used for cancer diagnosis, prognosis, and epidemiology. 

https://en.wiktionary.org/wiki/indicator
https://en.wikipedia.org/wiki/Living_organism
https://en.wikipedia.org/wiki/Biological_process
https://en.wikipedia.org/wiki/Biological_process
https://en.wikipedia.org/wiki/Pathogenic
https://en.wikipedia.org/wiki/Pharmacologic
https://en.wikipedia.org/wiki/Therapeutic_intervention
https://en.wikipedia.org/wiki/Therapeutic_intervention
https://en.wikipedia.org/wiki/Scientific_fields
https://en.wikipedia.org/wiki/Exposure_assessment#Exposure
https://en.wikipedia.org/wiki/Xenobiotics
https://en.wikipedia.org/wiki/Environment_(biophysical)
https://en.wikipedia.org/wiki/C-reactive_protein
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Biomarker
https://en.wikipedia.org/wiki/Tumor
https://en.wikipedia.org/wiki/Genetics
https://en.wikipedia.org/wiki/Epigenetics
https://en.wikipedia.org/wiki/Proteomics
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1. Genomics biomarkers  

 Chromosomal changes 

Complex chromosomal changes as well as certain mutations have been found to 

correlate with different stages of bladder cancer. Loss of chromosome 9 is 

recurrently seen as the single abnormality, it has been considered to be an early 

event in bladder cancer progression. 

 Epigenetic changes 

 Epigenetic changes noticeably DNA methylation have extensive influence 

on gene expression. Recent data have indicated that aberrant DNA methylation 

happens commonly and early in human carcinogenesis. It has been shown to occur 

extensively in cancer cells and in the same promoter regions. As a result, analysis 

of a few loci is satisfactory for diagnosis of cancer and this is the main advantage 

of Uses of Biomarkers in cancer medicine these markers for detection of cancer.  

both differential hypermethylation and hypomethylation have been seen in tumor 

tissues compared to normal tissues. 

 Point mutations 

 The mutation assays are diagnostic tools to identify patients who will benefit from 

targeted therapies. They are also potential biomarkers to discover recurrences 

during surveillance of patients. 

 RNA markers  

Expression of Aurora-A in tissue samples: Aurora-A is an oncogenic 

serine/threonine kinase with critical roles in tumor genesis as well as chemotherapy 

resistance. The expression levels of Aurora-A mRNA in bladder cancer tissues 

have been notably higher than those in adjacent non-tumor tissues 
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2. Proteomics  

Proteomics is the large-scale study of proteins. Proteins are vital parts of living 

organisms, with many functions. Presence of Many proteins indicate a signal of 

cancer or the stage of cancer for example  

Prostat Specific Antigen PSA as a Tumor Marker 

The earliest observations  of prostate specific antigen had important clinical 

applications and included: 

 1) decrease in the PSA level after hormonal therapy appeared to be correlated with 

response to treatment.  

2) increase in the PSA level after treatment appeared to precede and herald disease 

recurrence.  

3) after radical prostatectomy, PSA should be undetectable; if not, disease 

recurrence is the rule 

3. Metabolomic Biomarkers 

Metabolic biomarkers are unique biochemical metabolites left behind from 

specific cellular processes in tissues or biofluids like serum or urine. In general, 

diseases disrupt metabolic pathways via activation or deactivation, rendering 

distinctive metabolic biomarkers.  

 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Metabolomic

