










There are two types of polysaccharides in cell: glycogen and starch
Starch and glycogen are polysaccharides that function to store energy

Glycogen

Glucose obtained from primary sources either remains soluble in the body 
fluids or is stored in a polymeric form, glycogen. Glycogen is considered the principal 
storage form of glucose and is found mainly in liver and muscle, with kidney and 
intestines adding minor storage sites. 

Animals store extra carbohydrates as glycogen in the liver and muscles. 
Between meals, the liver breaks down glycogen to glucose in order to keep the
blood glucose concentration stable. After meals, glucose is removed from the blood 
and stored as glycogen 





Starch
Starch is synthesized by plants and made up of glucose repeat units. There are two
Types of starches: amylose and amylopectin. 
These two types of starch molecules are both made up of glucose molecules. The 
only difference between the two is the arrangement of the molecules. Amylose is 
essentially linear while amylopectin has many branches like a tree. 

Amylose is made up of between 1000 and 4400 units









A fatty acid has longer carbon skeleton, usually 16 or 18 carbon atoms in lengths. 

A fatty Acid molecule, such as palmitic acids has two chemically distinct regions.
One is long hydrocarbon chain, which is hydrophobic and not very reactive chemically. 
The nonpolar C-H bonds in the tails of fatty acids are the reason fats are in soluble in 
water. 
Fats separated from water because the water molecule hydrogen-bonded to one
another and exclude fat.  

The other is carboxyl (-COOH) group, which behaves as an
acid. Molecules such as fatty acids, which posses both hydrophobic and hydrophilic
regions, are termed AMPHIPATHIC.

Fatty Acids Are Components of Cell Membrane
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A fatty acid can be joined to glycerol by an ester linkage, a bond between a hydroxyl 
group and carboxyl group. Glycerol now has two remaining hydroxyls, and each can 
also bond with fatty acids.  The product is FAT or triacylglycerol, which consists of 
three fatty acids, linked to one glycerol molecules





Fatty acids vary in length and in the number and locations of double bond .  If there
are no double bonds between the carbon atoms composing the tail, then as many 
hydrogen bonded the carbon skeleton, creating a saturated fatty acids.  
An unsaturated fatty acid has one or more double bonds, formed by the removal of 
hydrogen atoms from the carbon skeleton. Fatty acid will have kink in its shape 
whereever a double bond occurs. 







The membrane forming property of phospholipids results from their amphipathic
nature. Phospholipids will spread over the surface of the water to form a monolayer 
of phospholipids molecules, with hydrophobic tails facing the air and hydrophilic heads 
in contact with the water.  Two such molecular layers can readily combine tail-to-tail in 
water to make phospholipids sandwich, or lipid bilayer, which forms the structural 
basis of all cell membrane.  





Amino Acids Are the Subunits of Proteins

Amino acids are organic molecules possessing both carboxyl and amino groups. 
Cell build their proteins from 20 kinds of amino acids with important functions in 
organisms, there are many other amino acids with important functions in organisms, 
but they are not incorporated into proteins.  

Most amino acids consist of an asymmetric carbon, termed the alpha (α) carbon, 
bonded with four different covalent partners.  Each amino acid has hydrogen atom, 
a carboxyl group, and an amino group bonded to the α carbon. 20 kinds of amino 
acids that make up proteins differ only what it is attached by the fourth bond to the 
α carbon.  This variable part of amino acid is symbolized by the letter R.  The R group
is also called side chain.  



Amino Acids Are the Subunits of Proteins







Nucleotides Are the Subunits of DNA and RNA

Nucleic acids are polymers of monomers called nucleotides. Each nucleotide is itself 
composed of three parts: a nitrogenous base, which is joined to a pentose 
(five carbon sugar), which in turn is bonded to a phosphate group.  



Nucleotides Are the Subunits of DNA and RNA



The pentose connected to the nitrogenous base is ribose in the nucleotides 
of RNA and deoxyribose in the DNA.





There are two families of nitrogenous bases:  
pyrimidines and purines.  

A pyrimidine is characterized by a six-membered ring made up of carbon 
and nitrogen atoms. The 
members of pyrimidine family are nitrogenous bases named cytosine (C), thymine (T), 
and uracil (U). 

In the second family, the purines, a five membered ring is fused to the 
pyrimidine type of ring.  The purines are adenine (A) and guanine (G).  Thymine is 
found only in DNA and adenine is only found in DNA. 





Nucleotides are joined together by a phosphodiester linkage between 5’ and 3’ carbon 
atoms to form nucleic acids. 



Nucleotides have many other functions

1-They carry chemical energy in their easily hydrolyzed phsphoanhydride bonds 



2-They combine with other groups to form coenzymes



3-They are used as signaling molecules in the cell





Macromolecules are polymers that are constructed simply by covalently linking 
small organic molecules (monomers or subunits) into long chains or polymers.



Noncovalent Bonds Specify the Precise Shape of a Macromolecule

Most of the Biological macromolecules are highly constrained because of weaker 
noncovalents bonds that form between different parts of the molecules. Weaker 
bonds allow the macromolecules to prevent random movements and let them take 
a particular conformation. There three types of noncovalent bonds.

1. Ionic bonds
2. Hydrogen bonds 
3. van der Waals attractions

Van der Waals bonds Van der Waals bonds are a nonspecific attractive force, when 
any two atoms are 3 to 4 Å apart. These forces are caused by transient dipoles in all 
atoms. Momentary random fluctuations in the distribution of the electrons of any atom 
give rise to a transient unequal distribution of electrons which create dipoles. If two 
non-covalently bonded atoms are close enough together, the transient dipole in one 
atoms will perturb the electron cloud of the other and the two molecules will be attracted. 
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Noncovalent Bonds Allow a Macromolecule to Bind Other Selected 
Molecules

Although noncovalent bonds are individually very weak, they can add up to create a 
strong attraction between two molecules when these molecules fit together very 
closely with many noncovalent bonds between them.  
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Binding of this type of underlies all biological catalysis, making it possible for proteins 
to function as enzyme. Noncovalent bonds can also stabilize association between 
two different macromolecules if their surfaces match closely.  
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Reversible Interactions of Biomolecules are mediated 
by three kinds of non-covalent bonds:
Electrostatic
Hydrogen
Van der waals
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The living cell is a chemical industry in miniature, where thousands of reactions 
occur within a microscopic space.  Metabolism is an emergent property of life that 
arises from specific interactions between molecules within the orderly environment 
of the cell.  Sugars are converted into amino acids, and vice versa. Small molecules 
are assembled into polymers, which may later be hydrolyzed as the needs of cell 
change. 
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Energy: Some Basic Principle

Forms of Energy: Anything that moves possesses a form of energy called kinetic 
energy.  Any moving object, including an atom or molecule, has kinetic energy-the 
energy of motion.  Moving objects perform work by imparting motion to other matter.  
A resting object not presently at work may also possesses energy, which is the capacity 
to do work.  Stored energy, or potential energy, is the energy that matter possesses 
because of its location or arrangement.  Water behind a dam, for instance, stores 
energy because of its altitude. 
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Some interconversions between different forms of energy.
All energy forms are, in principle, interconvertible. In all these processes the total 
amount of energy is conserved; thus, for example, from the height and weight of the 
brick in the first example, we can predict exactly how much heat will be released 
when it hits the floor. In the second example, note that the large amount of chemical 
bond energy released when water is formed is initially converted to very rapid thermal 
motions in the two new water molecules; but collisions with other molecules almost 
instantaneously spread this kinetic energy evenly throughout the surroundings 
(heat transfer), making the new molecules indistinguishable from all the rest.



Two Laws of Thermodynamics

According to the first law of thermodynamics, the energy of universe is constant.  
Energy can be transferred and transformed, but it cannot be created or destroyed.  
This is also known as conservation energy. 

The second law of thermodynamics can be stated in several ways.  Every energy 
transfer or transformation makes universe more disordered.  There is a quantitative 
measure of disorder, called entropy, whose value increases as disorder increases.  
Therefore, second law of thermodynamics states that every energy transfer or 
transformation makes universe more disordered.  




