CHEM121

Unit 7: Structure Function of Nucleic Acid

Lecture 11  

At the end of the lecture, students should be able to:

· Define  and differentiate in terms of structure and function:

·  nucleotides

· nucleosides

· nucleic acids

· Describe the structure and properties of the nitrogenous bases:

· purines

· pyrimidine

· Differentiate between the two major classes of nucleic acids:

· DNA

· RNA

· Briefly explain the process of transcription and translation

ASSESSMENT:

1. Group assignment

2. Worksheet on the topic. One short answer question and One essay

1. Define  and differentiate in terms of structure and function:

·  nucleotides

· nucleosides

· nucleic acids

NUCLEOTIDE

1. Any of a group of molecules that, when linked together, form the building blocks of DNA or RNA

2. Nucleotides are composed of:

· a phosphate group

· the bases adenine, cytosine, guanine, and thymine, (in RNA the thymine base being replaced by uracil) 

· a  5 Carbon sugar(ribose or deoxyribose)
3. Nucleotides therefore make up the basic units of DNA and RNA molecules.

4. DNA = Deoxyribonucleic acid (DNA)

5. RNA = Ribonucleic acid (RNA)
NUCLEOSIDE

1.  Each nucleoside consists of 2 parts:

· Nitrogenous base 

· Pentose sugar
2. Nucleosides are formed when the base is linked to a sugar via a N-glycosidic bond

3.  In essence, a nucleoside  is a compound containing a purine ( A , G)  or pyrimidine( T, U, C) base linked to a sugar (usually ribose or deoxyribose)
NUCLEIC ACID

1. Any of a group of complex compounds found in all living cells and viruses, composed of purines, pyrimidines, carbohydrates, and phosphoric acid. 

2. Nucleic acids in the form of DNA and RNA control cellular function and heredity.
SUMMARY ( Nucleotides and Nucleosides)

A nucleoside consists of a nitrogenous base covalently attached to a sugar (ribose or deoxyribose) but without the phosphate group. A nucleotide consists of a nitrogenous base, a sugar (ribose or deoxyribose) and one to three phosphate groups. 

Nucleoside = Sugar + Base 
Nucleotide = Sugar + Base + Phosphate 

Comparison chart

	
	Nucleoside
	
	Nucleotide

	
	
	
	
	

	Relevance in medicine:
	
	Several nucleoside analogues are used as antiviral or anticancer agents.
	
	Malfunctioning nucleotides are one of the main causes of all cancers known of today.

	Examples:
	
	Examples of nucleosides include cytidine, uridine, adenosine, guanosine, thymidine and inosine.
	
	Nucleotides follow the same names as nucleosides, but with the indication of phosphate groups. For example, 5'-uridine monophosphate.

	
	
	
	
	

	Chemical Composition:
	
	Sugar + Base. A nucleoside consists of a nitrogenous base covalently attached to a sugar (ribose or deoxyribose) but without the phosphate group.
	
	Sugar + Base + Phosphate. A nucleotide consists of a nitrogenous base, a sugar (ribose or deoxyribose) and one to three phosphate groups.

	
	
	
	


2. Describe the structure and properties of the nitrogenous bases:

· purines

· pyrimidine

1. Purines and Pyrimidines are nitrogenous bases that make up the two different kinds of nucleotide bases in DNA and RNA. 

2. The two-carbon nitrogen ring bases (adenine and guanine) are purines, 

3. while the one-carbon nitrogen ring bases (thymine and cytosine) are pyrimidines.
4. PLEASE note that in RNA, thymine does not exist, INSTEAD we have URACIL

Purine and Pyrimidine Structures and Properties
Purines and pyrimidines are two of the building blocks of nucleic acids. Only two purines and three pyrimidines occur widely in nucleic acids. The pyrimidine bases have a 6-membered ring with two nitrogens and four carbons. The purine bases have a 9-membered double-ring system with four nitrogens and five carbons. 

Here are their structures in organic chemists' line notation: 

	The Purines

	Adenine
	 
	Guanine
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	The Pyrimidines

	Cytosine
	Thymine
	Uracil
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Crucial property: formation of hydrogen-bonded pairs composed of one purine and one pyrimidine, such as guanine-cytosine (left, below) and adenine-thymine (right). 

	Guanine-Cytosine
	Adenine-Thymine
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· Differentiate between the two major classes of nucleic acids:

· DNA

· RNA

1. DNA is double stranded

2. it carries the coded genetic information for making proteins

3. the code is in four bases, adenine, cytosine, guanine and thymine. 

4. RNA is single stranded molecule that copies the code from the DNA and carries it to the ribosomes to make new proteins. 

5. It has the same bases except that thymine is replace by uracil. 

6. And of course the sugar in DNA is deoxy ribose whereas RNA is just ribose.
3. Similarities and Differences Between DNA and RNA
	Characteristic
	
	DNA
	
	RNA

	1. Deoxyribonucleic acid
	
	✔
	
	 

	2. Ribonucleic acid
	
	 
	
	✔

	3. Ribose sugar present
	
	 
	
	✔

	4. Deoxyribose sugar present
	
	✔
	
	 

	5. It’s sugar is linked to a phosphate group at one end and a nitrogenous base at the other end
	
	✔
	
	✔


	6. Polymer of nucleotides
	
	✔
	
	✔

	7. Nitrogenous bases:
	
	 
	
	 

	         Adenine (A) present
	
	✔
	
	✔

	     Thymine (T) present
	
	✔
	
	 

	     Uracil (U) present
	
	 
	
	✔

	     Cytosine (C) present
	
	✔
	
	✔

	     Guanine (G) present
	
	✔
	
	✔

	8. Two (2) double chains held in a double helix by hydrogen bonds 
	
	✔
	
	 

	9. Single-stranded
	
	 
	
	✔

	10. Contains a chemical code or message which must be transcribed.
	
	✔
	
	


Comparison chart

	
	

	
	DNA
	
	RNA

	Stands for:
	DeoxyriboNucleicAcid
	
	RiboNucleicAcid

	Definition:
	A nucleic acid that contains the genetic instructions used in the development and functioning of all known living organisms.
	
	RNA, single-stranded chain of alternating phosphate and ribose units with the bases adenine, guanine, cytosine, and uracil bonded to the ribose. RNA molecules are involved in protein synthesis and sometimes in the transmission of genetic information.

	Job/Role:
	Medium of long-term storage and transmission of genetic information
	
	The main job of RNA is to transfer the genetic code need for the creation of proteins from the nucleus to the ribosome. this process prevents the DNA from having to leave the nucleus, so it stays safe. Without RNA, proteins could never be made.

	Unique Features:
	The helix geometry of DNA is of B-Form. DNA is completely protected by the body i.e. the body destroys enzymes that cleave DNA. DNA can be damaged by exposure to Ultra-violet rays
	
	The helix geometry of RNA is of A-Form. RNA strands are continually made, broken down and reused. RNA is more resistant to damage by Ultra-violet rays.

	Predominant Structure:
	Typically a double- stranded molecule with a long chain of nucleotides
	
	A single-stranded molecule in most of its biological roles and has a shorter chain of nucleotides

	Bases & Sugars:
	DNA is a long polymer with a deoxyribose and phosphate backbone and four different bases: adenine, guanine, cytosine and thymine
	
	RNA is a polymer with a ribose and phosphate backbone and four different bases: adenine, guanine, cytosine, and uracil

	Pairing of Bases:
	A-T(Adenine-Thymine), G-C(Guanine-Cytosine)
	
	A-U(Adenine-Uracil), G-C(Guanine-Cytosine)

	Stability:
	Deoxyribose sugar in DNA is less reactive because of C-H bonds. Stable in alkaline conditions. DNA has smaller grooves where the damaging enzyme can attach which makes it harder for the enzyme to attack DNA.
	
	Ribose sugar is more reactive because of C-OH (hydroxyl) bonds. Not stable in alkaline conditions. RNA on the other hand has larger grooves which makes it easier to be attacked by enzymes.


4. Briefly explain the process of transcription and translation

1.  Transcription is the process of converting the genetic information stored in DNA to messenger RNA (mRNA). 

2. This is performed by RNA Polymerase in the nucleus of the cell (assuming the organism is eukaryotic). 

3. At this point the mRNA is comprised of exons and introns, (i.e. expressed regions and non-expressed regions) and the introns are cut out with splicing machinery. 

4. Now the mRNA is exported from the nucleus into the cytoplasm where it meets the ribosome. 

5. The ribosome uses the information stored in the mRNA, along with transfer RNAs (tRNA) holding onto amino acids to create protein. 

6. This process is known as translation because you are translating from the language of nucleotides to the language of amino acids.
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