
Chem 352 - Lecture 1 
Introduction to Biochemistry

Question for the Day: What characteristics distinguishes living 
systems from non-living systems? 
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Anything found to be 
true of E. coli must 

also be true of 
elephants.

-Jacques Monod
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Introduction
In this introduction we will consider


✦ History of biochemistry

✦ Molecules


• Families of organic molecules and the 
functional groups that define them


• Polymers (Macromolecules)

✦ Energy

✦ Cells and cellular structures
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Question:

What is a polymer?
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A brief history of Biochemistry
Biochemistry, as with all the sciences, 
is a human endeavor.

• It is worth recognizing some of the early 

contributors to biochemistry.
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A brief history of Biochemistry
•Fredrich Wöhler 
(1800-1882)


✦ Demonstrated that urea, a 
compound that had only been 
associated with living cells, could 
be synthesized from an inorganic 
compound outside of a living cell.


✦ This led to the recognition that 
the chemistry that takes place 
inside a living cell is the same 
chemistry that takes place 
outside of the cell. 
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A brief history of Biochemistry
•Eduard Buchner 
(1860-1917)


✦ Showed that the fermentation 
of sugars by yeast, a process 
that occurs when making beer, 
wine and bread, could be 
carried out with the cell 
extracts from yeast cells.


✦ Living cells were not required 
to carry out this complex series 
of reactions.
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http://en.wikipedia.org/wiki/Eduard_Buchner
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A brief history of Biochemistry
•Emil Fischer (1852-1919)


✦ Characterized the catalytic 
components of yeast extracts 
that were carrying out the 
fermentation reactions.


✦ We now refer to these biological 
catalysts as enzymes.


✦ His descriptions of the molecular 
interactions that take place 
between an enzyme and its 
substrates and products are, in 
hindsight, remarkably insightful.
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Received the

2nd Nobel Prize


awarded in Chemistry

(1902)

http://en.wikipedia.org/wiki/Hermann_Emil_Fischer
http://nobelprize.org/nobel_prizes/chemistry/laureates/1902/fischer-bio.html
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A brief history of Biochemistry
•Fischer’s enzymes turned out 
to be proteins.


✦ Proteins are a major class of 
biological molecules and turn out 
to be the real workhorses of a 
living cell.


✦ It was not until the late 1950’s 
that we were first construct  
models for the 3-dimensional  
structures of proteins.
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Max Perutz (left)

John Kendrew (right)


shared the 1962

Nobel Prize in Chemistry


for solving the

3-D structures


of hemoglobin and

myoglobin, respectively.

http://nobelprize.org/nobel_prizes/chemistry/laureates/1962/
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•In the mid-20th century, the important 
role that nucleic acids play was 
elucidated.


✦ In 1944, Oswald Avery, Colin MacLeod and Maclyn 
McCarty demonstrated that the infectious 
component of Streptococcus pneumoniae, the 
bacterium that causes pneumonia, was the 
molecule deoxyribonucleic acid (DNA), and not 
protein.


✦ This significant finding provided evidence that 
DNA is the carrier of the biological information.

A brief history of Biochemistry
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A brief history of Biochemistry
•In 1953, James Watson and 
Francis Crick proposed an 
atomic level structure for DNA.


✦ Their model met with immediate 
acceptance because their structure 
readily explained how DNA can 
function as an information carrying 
molecule that is capable of 
replicating itself as cells divide and 
multiply.

�10

James Watson (left)

Francis Crick (right)

shared the 1962

Nobel Prize in 

Medicine

for solving the


3-D structure of DNA.

https://www.chem.uwec.edu/Chem352_Resources/pages/models/B-DNA.html
http://nobelprize.org/nobel_prizes/medicine/laureates/1962/index.html
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A brief history of Biochemistry
• Francis Crick went on to propose that 

the general flow of information is from 
DNA to RNA to protein.


• His model has become known as the “central 
dogma” of molecular biology.
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DNA RNA Protein
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A brief history of Biochemistry
•Darwin’s theory of evolution


• All of modern biology rests on a foundation that 
Darwin laid with his theory of natural selection.


• Even though Darwin’s theory helps us to 
understand how all of the forms of life currently 
found on earth could have evolved from a single 
cell, starting 3.5 billion years ago, 

• It does not shed light on how that first cell 
arose.
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A brief history of Biochemistry
•Darwin’s thoughts on the origins of life:


✦ “Probably all the organic beings which have ever 
lived on this earth have descended from some 
one primordial form, into which life was first 
breathed.” (from The Origin of the Species, 1859)

�13



Chem 352, Lecture 1 - Introduction to Biochemistry

A brief history of Biochemistry
•Darwin’s thoughts on the origins of 
life:


✦ “But if (and Oh!, what a big if!) we could conceive 
in some warm little pond, with all sorts of 
ammonia and phosphoric salts, light heat, 
electricity, etc., present, that a protein compound 
was chemically formed ready to undergo still 
more complex changes, at the present day such 
matter would be instantly devoured or absorbed, 
which would not have been the case before living 
creatures were formed.” (Letter to botanist 
Joseph Hooker, 1871)
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A brief history of Biochemistry
•The origin of life on earth is still 
one of the big questions in biology.


✦ In the Zimmer essay, there is a discussion 
of the current progress being made to 
discover how that first cell arose. It is a 
good introduction to some of the major 
molecular players that we will encounter 
this semester.
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Carl Zimmer, "On the Origin of Life on Earth", Science 
2009, 323, 198-199.

https://www.chem.uwec.edu/Chem352_Resources/pages/readings/media/Zimmer_2009.pdf
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A brief history of Biochemistry
✦ Just about all organisms 

use DNA to encode genetic 
information.


✦ They copy this information 
into RNA


✦ The RNA is used to make 
proteins
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A brief history of Biochemistry
•The other important component of 
living cells are membranes.


✦ These are made out of lipids.

�17



Chem 352, Lecture 1 - Introduction to Biochemistry

The Elements of Life
•Since this is a chemistry class, we 
should probably start with the 
elements.


✦ Approximately 97% of elements found in 
living systems comprise just six elements:

• oxygen

• carbon

• hydrogen

• nitrogen

• phosphorous

• sulfur
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The Compounds of Life
✦ Water, H2O, comprises up to 75% of the 

mass of a living cell.


✦ Most of the solid material, the other 25%, 
is made up of carbon-based molecules.


•
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groups they contain.
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The Compounds of Life
•Some of the functional groups 
combine with others to form new 
functional groups.


•
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Biological Macromolecules
• The large biological molecules 
(macromolecules), such as proteins, 
nucleic acids and polysaccharides, are 
polymers.

✦ Polymers are made by joining together 

monomers, much like beads on a string.


• Proteins are polymers of amino acids

• Polysaccharides are polymers of 

monosaccharides. 


• Nucleic acids are polymers of nucleotides.
�23
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•Proteins are polymers of amino 
acids
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dipeptide

(dimer)



Chem 352, Lecture 1 - Introduction to Biochemistry

Biological Macromolecules
•Proteins are polymers of amino 
acids

�24

amino acid

(monomer)

dipeptide

(dimer)

http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html
http://www.chem.uwec.edu/Chem352_Resources/pages/models/ubiquitin.html


Chem 352, Lecture 1 - Introduction to Biochemistry

Biological Macromolecules
•Polysaccharides are polymers of 
monosaccharides.
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Chem 352, Lecture 1 - Introduction to Biochemistry

Other Biological Molecules
•Lipids are another important class of 
biological molecule


✦ Lipids are not grouped according to a 
common structure, but rather are grouped 
according to a common physical property.


✦ They are non-polar molecules, which are 
insoluble in water.

�27



Chem 352, Lecture 1 - Introduction to Biochemistry

Other Biological Molecules
•An important group of lipids are the 
phospholipids


✦ Phospholipids are not polymers, but they do 
aggregate in the presence of water to form 
membranes.
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Chem 352, Lecture 1 - Introduction to Biochemistry

Energy
• The sun is the ultimate source of 
energy for nearly every organism on 
the earth.


• Photosynthesis is the process by which some 
organisms are able to utilize the light energy 
from the sun to synthesize organic molecules.


• Other organisms can then extract the energy 
from theses molecule to meet their own needs.
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Chem 352, Lecture 1 - Introduction to Biochemistry

Energy
• The sum total of all of the reactions 
that take place in a living cell is called 
metabolism.

• Catabolism is the subset of metabolism that is 
involved in breaking down organic molecules to 
extract chemical energy.


• Anabolism is the subset of metabolism that makes 
new molecules using the energy obtained from 
catabolism.

�30
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Chem 352, Lecture 1 - Introduction to Biochemistry

Energy
•Thermodynamics vs Kinetics


✦ Thermodynamics is used to assess if a 
system is at equilibrium, and if not, which 
direction it needs to move to reach 
equilibrium.


✦ Kinetics tells us how fast a system that is 
not at equilibrium will approach equilibrium
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Chem 352, Lecture 1 - Introduction to Biochemistry

Energy
•Reaction Rates


✦ For chemical reactions, the speed, or rate of 
a reaction is dependent on the relative 
concentrations of the reactants and the 
products of the reaction.


✦ Enzymes, as catalysts, can speed up the rate 
of a reaction.


✦ All reactions are striving to reach equilibrium

�32
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Chem 352, Lecture 1 - Introduction to Biochemistry

Thermodynamics
• Thermodynamic can be used to tell us 
where an equilibrium is.


• Thermodynamics is the study the 
transformations of heat, work and energy.


• There are different ways to measure energy, the 
one that will be of most useful to us is the 
Gibb’s free energy (G).
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Chem 352, Lecture 1 - Introduction to Biochemistry

Thermodynamics
•All molecules have free energy


• For molecules in solution, the free energy is 
influenced by composition, temperature and 
concentration.


• The change in the free energy for a reaction, 
ΔG, is the difference between the sum of the 
free energies of the products and reactants 
in a reaction.

�34

ΔG = GC +GD( ) − GA +GB( )
(products) (reactants)



Chem 352, Lecture 1 - Introduction to Biochemistry

Thermodynamics
•Under the conditions for most 
reactions that take place in a cell, 
the ΔG has two components

• ΔH, the change in enthalpy or heat content

• ΔS, the change in the entropy, or order of 
the system.

�35

ΔG = ΔH −T ΔS    
where T  is temperature, 
and is constant



Chem 352, Lecture 1 - Introduction to Biochemistry

Thermodynamics
• If the pressure is also constant, ΔG can 
be used to tell us which way a reaction 
needs to proceed order to reach 
equilibrium.


• When ΔG < 0 (free energy is released)


• When ΔG > 0 (free energy is absorbed) 


• When ΔG = 0
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Chem 352, Lecture 1 - Introduction to Biochemistry

Thermodynamics
•The actual free energies for the 
reactants and products in a reaction are 
not knowable.


✦ The free energies, however, do depend in a 
predictable way on the concentrations of the 
reactants and products.


✦ Instead, free energies are determined relative to 
an arbitrary standard state.


✦ The free energy of the standard state is called 
standard state free energy (G°).
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Thermodynamics
•The free energies at states other 
than the standard state varies with 
concentration in a predictable way.

�38
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ΔG = ΔG0 ' +RT ln
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Thermodynamics
• For solutions, the standard state is defined 
as [A] = [B] = [C] = [D] = 1M.

�39

ΔG = ΔG0' +RT ln C[ ]c D[ ]d
A[ ]a B[ ]b

⎛

⎝⎜
⎞

⎠⎟

At the standard state:

ΔG = ΔG0' +RT ln 1M( ) 1M( )
1M( ) 1M( )

⎛
⎝⎜

⎞
⎠⎟

ΔG = ΔG0' +RT ln 1( )
ΔG = ΔG0'



Chem 352, Lecture 1 - Introduction to Biochemistry

Energy
• The standard free energy change can 
be determined from the equilibrium 
concentrations of the reactants and 
products in a reaction.

�40

when ΔG = 0 (at equlilibrium)

ΔG° ' = −RT ln C[ ]c D[ ]d
A[ ]a B[ ]b

⎛

⎝⎜
⎞

⎠⎟ eq

ΔG° ' = −RT ln Keq( )



Chem 352, Lecture 1 - Introduction to Biochemistry

The Cell
•The fundamental unit for living 
systems is the cell.


✦ There a two basic cell types, prokaryotic 
and eukaryotic.
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The Cell
•Prokaryotes


• These were the first to evolve some 3.6 
billion years ago.


• The have simpler cell structure.

• These organisms are always unicellular

• They have an cell or plasma membrane, but 
no internal membrane structures


• They typically have a single, circular 
chromosome


• They have pili for attaching to surfaces and 
flagella for motility

�42



Chem 352, Lecture 1 - Introduction to Biochemistry

The Cell
•Prokaryotes


• These were the first to evolve some 3.6 
billion years ago.


• The have simpler cell structure.

• These organisms are always unicellular

• They have an cell or plasma membrane, but 
no internal membrane structures


• They typically have a single, circular 
chromosome


• They have pili for attaching to surfaces and 
flagella for motility

�42



Chem 352, Lecture 1 - Introduction to Biochemistry

The Cell
•Prokaryotes


• These were the first to evolve some 3.6 
billion years ago.


• The have simpler cell structure.

• These organisms are always unicellular

• They have an cell or plasma membrane, but 
no internal membrane structures


• They typically have a single, circular 
chromosome


• They have pili for attaching to surfaces and 
flagella for motility

�42
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The Cell
•Eukaryotes have a much more 
complex cell.


✦ The evolved around 2 billion years ago.

✦ These organisms can be multicellular, 

starting 1 billion years ago.

✦ These cells have volumes that are about 

1000 times larger than a prokaryotic cell. 

✦ In addition to a plasma membrane, they 

have membrane enclosed structures called 
organelles within the cell, which have 
dedicated functions
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✦ In addition to a plasma membrane, they 

have membrane enclosed structures called 
organelles within the cell, which have 
dedicated functions
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The Cell
•Some of the organelles include


• The endoplasmic reticulum (ER)

• The golgi apparatus

• The mitochondria

• The chloroplasts
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• Science Magazine website 
(www.sciencemag.org)


• Podcast on Cyanobacteria

• Provides an introduction 

to many of the terms 
we will be using this 
semester.

Science Podcast on Cyanobacteria

�45

http://www.sciencemag.org
http://www.chem.uwec.edu/Chem352_Resources/pages/lecture_materials/unit_I/lecture-1/media/cyanobacterial_vesicles.mov
http://www.chem.uwec.edu/Chem352_S15/pages/lecture_materials/unit_I/lecture-1/media/terms_from_podcast.html
http://www.chem.uwec.edu/Chem352_S15/pages/lecture_materials/unit_I/lecture-1/media/terms_from_podcast.html
http://www.chem.uwec.edu/Chem352_S15/pages/lecture_materials/unit_I/lecture-1/media/terms_from_podcast.html
http://www.sciencemag.org
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Prokaryotes and Eukaryotes
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http://www.chem.uwec.edu/Chem352_Resources/pages/readings/media/Pennisi_2010.pdf
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Putting Things in Perspective
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http://learn.genetics.utah.edu/content/cells/scale/
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The Cell
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http://www.chem.uwec.edu/Chem352_Resources/pages/readings/media/Goodsell_2009.pdf
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Molecular Resources
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✦ Marvin

• A tool for drawing and analyzing small 

molecules

✦ The Protein Data Bank (PDB)


• A database where you can find and 
observe the structures of biological 
macromolecules and aggregates of these 
molecules.


• Not limited to proteins

http://www.chem.uwec.edu/marvin
http://www.pdb.org/pdb/home/home.do
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Next up
•Lecture 2 - Water


✦ Water’s physical properties

• Boiling point and Melting point

• Intermolecular interactions


✦ Water’s chemical properties

• pH and acids & bases


•Reading

✦ Chapter 2 of Moran et al.
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