
Introduction to Biochemistry



Atoms



Electron orbitals



Energy Levels



Redox Reactions
Redox can involve loss or gain of an electron or a hydrogen (contains an electron)

C6H12O6 + 6O2 ---> 6CO2 + 6H2O
Carbon loses hydrogen therefore is oxidized.

Oxygen gains hydrogen therefore is reduced.



Electronegativities



Biochemistry

• There are several different 

types of bonds that are 

important to understand for 

Biology.  

• Covalent= shares electrons

• Ionic = swaps electrons

• Polar Covalent= somewhere in 

between. 

• The reality is that most bonds 

have both ionic and covalent 

characteristics= polar.



Ionic Bonds



Covalent Bonds



Electronegativity, symbol χ, is the chemical property that describes the 

ability of an atom (or, more rarely, a functional group) to attract electrons 

(or electron density) towards itself in a covalent bond.   

Electronegativity



Bond Strength

• While it takes more energy to break ionic 

bonds in a dry environment, in living things 

molecules are in aqueous environments.

• Therefore in Biology: Covalent bonds are 

stronger than Ionic bonds, and H-bonds 

are weaker than both.

• Keep in mind that in large numbers H-

bonds can be strong.  



Polar Covalent Bonds
• Because Oxygen has an 

electronegativity value of 3.44 and 

Hydrogen has a value of 2.1, the 

difference is significant enough that 

at any given time the electrons are 

more likely to be found closer to the 

O.

• Oxygen is a well known electron 

thief.

• While there is no official charge on 

either atom, we have a “partial 

charge” d+ , d-



Hydrogen Bonds
• Because Hydrogen has 

such a low electronegativity

value, when it is bonded to 

something with a stronger 

value the polarization allows 

the d+ charge of the H to 

form a weak bond with the 

d- charge of another polar 

molecule.

• Which elements bonded 

with H will tend to form H-

bonds?



Water!

• A Single Water Molecule can form up to 4 

H-bonds with other molecules at a time, 

and when combined with other water 

molecules that can make 4 of their own H-

bonds, the net strength of those bonds is 

significant.



Water Phase Changes

• When going from a liquid to a gas, H-

bonds have to be broken- it requires an 

increase in energy.  

• When Water evaporates is takes energy 

from the environment, which in turn cools 

off the environment. (sweating cools us)

• When water freezes, it is releasing energy 

to the environment.



Solutions
• Ions Dissociate in water.

• Covalent molecules that 

form H-bonds with each 

other can break the H-bonds 

and separate into individual 

molecules.  (dissolving 

sugar in water- each 

sucrose molecule gets 

surrounded and shielded by 

water molecules)



Water



An example of waters special properties in action



Other weak intermolecular 

forces
• Other Van der Walls interactions

• “London Forces”

http://www.youtube.com/watch?v=gzm7yD-

JuyM 



pH



Buffering Capacity



Organic Chemistry



Macromolecules



Constructing and Breaking Macromolecules



Carbohydrates
• Most abundant of the four macromolecules

• Has purposes ranging from energy storage to 

structural components.

• Have a 1:2:1 ratio



Triose sugars

(C3H6O3)

Glyceraldehyde

Pentose sugars

(C5H10O5)

Ribose

Hexose sugars

(C5H12O6)

Glucose Galactose

Dihydroxyacetone

Ribulose

Fructose



Different Sugar Conformations

In organic chemistry the 

carbons are labeled 1-6



Glucose

Maltose

Fructose Sucrose

Glucose Glucose

1–4
glycosidic

linkage

1–2
glycosidic

linkage

Monosaccharide + Monosaccharide = Disaccharide



Polysaccharides





Cellulose

molecules

Cellulose microfibrils

in a plant cell wall

Cell walls Microfibril

Plant cells

0.5 µm

b Glucose

monomer



Chitin forms the exoskeleton of arthropods.
This cicada is molting, shedding its old
exoskeleton and emerging in adult form.

Chitin is used to make a strong and
flexible surgical thread that decomposes 
after the wound or incision heals.

The structure of chitin.

Chitin: Found in the exoskeleton of insects



Functions of Proteins





Amino

group

Carboxyl

group

a carbon



Peptide
bond

Side chains

Backbone

Amino acid
(N-terminus)

Carboxyl end
(C-terminus)

Peptide
bond



Amino Acids



Protein Structures.

• Proteins can be very large and complex.

• Most protein Structures have been figured out 
using X-ray crystallography.

• Proteins are purified and dehydrated to form 
crystals.  Then X-rays are fired at them.  

• The x-rays are deflected by atoms that are in the 
way.  The diffraction pattern can then be used to 
determine the coordinates of the atoms. 



Protein Models

• The next model was taken from the 

Protein Data Bank: PDB 

http://www.rcsb.org/pdb/Welcome.do;jsess

ionid=hX2Nz8hc4jgCyE5ydsM0nA**

• Cholera Toxin

http://www.rcsb.org/pdb/Welcome.do;jsessionid=hX2Nz8hc4jgCyE5ydsM0nA**
..%5C..%5CAP%20Biology%20Notes%5CBiochem%5CCholera%20Toxin.PDB


Amino acid
subunits

Carboxyl end

Amino end

Primary Structures



Amino acid

subunits

b pleated sheet

a helix

Secondary Structures



Abdominal glands
of the spider
secrete silk

fibers that form
the web.

The radiating
strands, made

of dry silk fibers,
maintain the

shape of the web. 

Spider silk: a structural protein
Containing b pleated sheets 

The spiral strands
(capture strands) are
elastic, stretching in 
response to wind,
rain, and the touch
of insects.



Interactions between A.A contribute to shape



Hydrophobic

interactions and

van der Waals

interactions

Polypeptide

backbone

Disulfide bridge

Ionic bond

Hydrogen

bond

Tertiary Structures



Hydrophobic

interactions and

van der Waals

interactions

Polypeptide

backbone

Disulfide bridge

Ionic bond

Hydrogen

bond



b Chains

a Chains
Hemoglobin

Iron

Heme

CollagenPolypeptide chain

Polypeptide
chain

Quaternary Structures





Motifs and Domain

A structural domain is an element of 

the protein's overall structure that is 

self-stabilizing and often folds 

independently of the rest of the 

protein chain.

A motif in this sense refers to a small 

specific combination of secondary 

structural elements (such as helix-

turn-helix). 



Sickle Cell Anemia

Red blood

cell shape
Normal cells are

full of individual

hemoglobin

molecules, each

carrying oxygen.

10 µm 10 µm

Red blood

cell shape

Fibers of abnormal

hemoglobin deform

cell into sickle

shape.



Primary

structure

Secondary

and tertiary

structures

1 2 3

Normal hemoglobin

Val His Leu

4

Thr

5

Pro

6

Glu Glu

7
Primary

structure

Secondary

and tertiary

structures

1 2 3

Sickle-cell hemoglobin

Val His Leu

4

Thr

5

Pro

6

Val Glu

7

Quaternary

structure

Normal

hemoglobin

(top view)

a

b

b

b

b

a

a

a

Function Molecules do

not associate

with one

another; each

carries oxygen.

Quaternary

structure

Sickle-cell

hemoglobin

Function Molecules 

interact with

one another to

crystallize into

a fiber; capacity

to carry oxygen

is greatly reduced.

Exposed

hydrophobic

regionb subunit b subunit



Denaturation

Renaturation

Denatured proteinNormal protein

Denature

What conditions can denature proteins?

http://highered.mcgraw-

hill.com/sites/0072943696/student_view0/chapter2/animation__protein_denaturation.html



Chaperonin

(fully assembled)

Hollow

cylinder

Cap
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