


------Macromolecules 

– Are large molecules composed of smaller molecules

•  Each cell has thousands of different kinds of macromolecules;

the collection varies from one type of cell to another even in the 
same organism.

•  The diversity of macromolecules in the living world is vast, and 
the possible variety is effectively limitless.



These molecules are made from only 40 to 50 common monomers and some 
others that occur rarely.

Building a huge variety of polymers from such a limited number of monomers is 
analogous to constructing hundreds of thousands of words from only 26 letters 
of the alphabet.

The key is arrangement-the particular linear sequence that the units follow.

Most biological polymers have many monomers.

Proteins, for example, are built from 20 kinds of amino acids arranged in chains 
that are typically hundreds of amino acids long.

The molecular logic of life is simple but elegant: Small molecules 
common to all organisms are ordered into unique 
macromolecules.

What is the basis for such diversity in life's 
polymers?



Despite this immense diversity, molecular structure and 
function can still be grouped roughly by class.

Each of the four major classes of large biological molecules:

Sugars, Lipids, Proteins, Nucleic Acids

For each class, the large molecules have emergent 
properties not found in their individual building blocks.



The Synthesis and Breakdown of Polymers

(a) Dehydration reaction in the synthesis of a polymer

HO H1 2 3 HO

HO H1 2 3 4

H

H2O

Short polymer Unlinked monomer

Longer polymer

Dehydration removes a water���
molecule, forming a new bond



(b) Hydrolysis of a polymer

HO 1 2 3 H

HO H1 2 3 4

H2O

HHO

Hydrolysis adds a water ���
molecule, breaking a bond

Figure 5.2B
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Propidium iodide (PI) or 4',6'-diamidino-2-phenylindole 
(DAPI). Three major phases of the cycle (G1 vs S vs G2/M)

Cell cycle analysis



•  A eukaryotic cell has membrane-enclosed 
organelles, the largest of which is usually the 
nucleus

•  By comparison, a prokaryotic cell is simpler 
and usually smaller, and does not contain a 
nucleus or other membrane-enclosed organelles

•  Bacteria and Archaea are prokaryotic; plants, 
animals, fungi, and all other forms of life are 
eukaryotic
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Eukaryotic vs Prokaryotic cells
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The continuity of life is based on 
heritable information in the form of 

DNA

•  Chromosomes contain most of a cell’s genetic 
material in the form of DNA (deoxyribonucleic 
acid)

•  DNA is the substance of genes

•  Genes are the units of inheritance that 
transmit information from parents to offspring
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DNA Structure and Function

•  Each chromosome has one long DNA molecule 
with hundreds or thousands of genes

•  DNA is inherited by offspring from their parents

•  DNA controls the development and 
maintenance of organisms
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Nuclei
containing
DNA

Sperm cell

Egg cell

Fertilized egg
with DNA from
both parents

Embryo’s cells with
copies of inherited DNA

Offspring with traits
inherited from
both parents

Fig. 1-9



•  Each DNA molecule is made up of two long 
chains arranged in a double helix

•  Each link of a chain is one of four kinds of 
chemical building blocks called nucleotides
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Nucleus
DNA

Cell

Nucleo@de

(a)	  DNA	  double	  helix (b)	  Single	  strand	  of	  DNA



How did DNA:���
1. Store information? ���

2. Duplicate itself easily?

These questions would be answered 
by discovering DNA’s structure



AMAZING DNA FACTS…

•  DNA from a single human cell 
extends in a single thread for 
almost 2 meters long!!!

•  It contains information equal to 
some 600,000 printed pages of 
500 words each!!!   

(a library of about 1,000 books)





A 

Adenine	  

T 

Thymine	  

    G 

Guanine	  

C 

Cytosine	  

Building	  blocks	  
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DNA’s Structure 

Maurice	  Wilkins	   Rosalind	  Franklin	  

X-‐Ray	  diffracDon	  image	  of	  DNA	  taken	  by	  

Franklin	  in	  1951	  



Purine	  +	  Purine	  =	  Too	  wide	  

Pyrimidine	  +	  Pyrimidine	  =	  Too	  Narrow	  

Purine	  +	  Pyrimidine	  =	  Perfect	  Fit	  from	  X-‐ray	  data	  

DNA’s Structure 



Chargaff’s	  rule	  	  

•  Percent of adenine = percent of thymine (%A=%T)

•   Percent of cytosine = percent of guanine (%C=%G)

•   A+G = T+C (or purines = pyrimidines) 
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2nm	  

0.34nm	  

3.4nm	  



DNA Replication

•  The double helix did explain how DNA copies itself

•  DNA replication is a process that occurs in all living cells. 

They copy their DNA; it is the basis for biological 
inheritance. The process starts with one double-stranded 
DNA molecule and produces two identical copies of the 
molecule. Each strand of the original double-stranded 
DNA molecule serves as template for the production of 
the complementary strand. This process is referred to as 
semiconservative replication. 



Before a cell divides, the DNA strands unwind and 
separate

Each strand makes a new partner by adding the 
appropriate nucleotides

The result is that there are now two double-stranded 
DNA molecules in the nucleus

So that when the cell divides, each nucleus contains 
identical DNA

This process is called replication

Replication
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Forms	  of	  DNA	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  B	  	  	  	  	  	   	   	  	  	  	  A	  	  	   	  	  	  	  	  	  	  	  Z	  

	  	  	  	  	  	  	  	  	  	  	  	  helix	  sense	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  RH	  	  	  	   	   	  	  	  RH	  	  	   	  	  	  	  	  	  	  LH	  

	  	  	  	  	  	  	  	  	  	  	  	  bp	  per	  turn	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  

	  	  	  	  	  	  	  	  	  	  	  	  verDcal	  rise	  per	  bp	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2.56	  	  	  	  	  	  	  	  	  	  	  	  	  3.7	  Angstroms	  

	  	  	  	  	  	  	  	  	  	  	  	  rotaDon	  per	  bp	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +36	  	  	  	  	  	  	  	  	  	  	  	  	  +33	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‑30	  degrees	  
	  	  	  	  	  	  	  	  	  	  	  	  helical	  diameter	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  19	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  23	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  18	  Angstroms	  



•  Genes control protein production indirectly

•  DNA is transcribed into RNA then translated 
into a protein

•  An organism’s genome is its entire set of 
genetic instructions
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DNA RNA protein

CENTRAL DOGMA



Properties of RNA
•  Single stranded

•  More flexible à 3D molecular shape

•  Ribose sugar

•  Uracil in place of  Thymine

•  RNA is short, only 1 gene long, where DNA is very long and 
contains many genes

•  Act as enzymes: Ribozymes

•  Classes: two

–  Informational: mRNA

–  Functional: tRNA and rRNA

•  Small nuclear in Eukaryotes for modification of rRNA 
as part of spliceosome





Basic steps in transcription
•  DNA and RNA function is based on 

two principles
•  Complementarity of bases
•  Sequence specific recognition of 

proteins
•  Local separation of strand
•  Any one strand serves as template 

for a particular gene
•  Growth is from 5’ to 3’ and nt added

 to 3’
•  Stages of transcription:

•  Initiation
•  Elongation
•  Termination



Transcription and Translation





Different types of RNA processing
1.  Splicing
2.  Addition of Cap at 5’ end
3.  Addition of poly A tail

Function of 5’ Cap
1. Facilitate export of mature mRNA from the nucleus
2. Help protect mRNA from degradation
3. Help ribosome attach to 5’end of mRNA once mRNA
 in cytoplasm

Function of 3’ poly A tail
1.  Stability
2.  Termination of transcription



•   anticodon- 3’ to 5’ sequence 
that matches the 
complementary 5’ to 
3’sequence (codon) on the 
mRNA

•  Acceptor arm - Amino acid 
code on 3’ end

•  T and D loops – provide 
structure for interface with 
aminoacyl-tRNA synthetase 



DNA	  Transcrip@on	  



Only	  very	  “select”	  RNAs	  can	  be	  
transported	  out	  of	  the	  nucleus	  



Fig.	  18-‐6a	  
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Fig.	  18-‐6b	  
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(1961) Watson & Crick proposed…

•  …DNA controlled cell function by serving as 
a template for PROTEIN structure.

•  3 Nucleotides = a triplet or CODON

(which code for a specific AMINO ACID)

•  AMINO ACIDS are the building blocks of 
proteins.



Nucleus	  

tRNA	  

AnDcodon	  



Triplet code:
 A continuous sequence of three nucleotides codes for a 

specific amino acid

CGA -  CAA -  CCA -  CCA -   GCT  - GGG -  GAG - CCA - 

Ala Val Gly Gly Arg Pro Leu Gly

Ala Val Gly Gly Arg Pro Leu Gly

The amino acids are joined together in the correct
 sequence to make part of a protein

Peptide Bonds



DNA 

molecule 

Gene 1 

Gene 2 

Gene 3 

DNA strand 
(template) 

TRANSCRIPTION 

mRNA 

Protein 

TRANSLATION 

Amino acid 

A C C A A A C C G A G T 

U G G U U U G G C U C A 

Trp Phe Gly Ser 

Codon 

3ʹ′ 5ʹ′ 

3ʹ′ 5ʹ′ 

Genetic code is 
1. Triplet, 2. Non-overlapping, 3. Degenerate



The Genetic Code
•  A codon in messenger RNA is either translated into an 

amino acid or serves as a translational start/stop signal

Second mRNA base 
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Proteins 

Table 5.1 



Structures of Proteins���
���

•  Primary structure: Peptide bonds

•  Secondary Structure:

Hydrogen bonds between AAs at different locations, 
Electrostatic forces, van der Waals forces

Types: Alpha helices and beta pleated sheets

•  Tertiary structure: + disulphide bonds, 

formed by folding

•  Quartenary structure: weak bonds different 
polypeptides

Polypeptides or proteins : Are polymers of amino acid 



Protein Folding kinetics



Levels	  of	  Protein	  Structure	  



Polypeptides : Are polymers of amino acid



Alpha helical structure



Beta pleated sheet structure



Protein Folding
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CH2	  
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•  Denaturation and Renaturation 

Denaturation 

Renaturation 

Denatured protein Normal protein 

Figure 5.22 



The Synthesis and Breakdown of Polymers

(a) Dehydration reaction in the synthesis of a polymer

HO H1 2 3 HO

HO H1 2 3 4

H

H2O

Short polymer Unlinked monomer

Longer polymer

Dehydration removes a water���
molecule, forming a new bond



(b) Hydrolysis of a polymer

HO 1 2 3 H

HO H1 2 3 4

H2O

HHO

Hydrolysis adds a water ���
molecule, breaking a bond

Figure 5.2B



Amino Acid Polymers
•  Amino acids

– Are linked by peptide bonds
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Figure 5.18 (b)	  	  
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(C-‐terminus)	  


