
Today

Last lecture
Monday 4/28: no class

Wednesday 4/30: You present, morning 
in class, plus evening.

Friday May 2-Monday May 4th-Exam.
Would later be better?

May 9– Final paper due.



Cones & Color

Cone cells, which function best in relatively bright light, 
gradually become more sparse towards the periphery of 

the retina.
An average closer to 4.5 million cone cells and 90 million 

rod cells in the human retina.
Cones are able to perceive finer detail and more rapid 
changes in images, because their response times to 

stimuli are faster than those of rods. 
Humans usually have three kinds of cones, with different 

photopsins, which have 3 different response curves, 
leading to trichromatic vision. People with color vision 

disorders usually have a deficiency or absence of cone
cells sensitive to red or green wavelengths.



More on Color Vision

564–580 nm500–700 nmρL

534–545 nm450–630 nmγM

420–440 nm400–500 nmβS

Peak wavelengthRangeNameCone type

A range of wavelengths of light stimulates each of these 
receptor types to varying degrees. Yellowish-green light, for 
example, stimulates both L and M cones equally strongly, but 
only stimulates S-cones weakly. Red light stimulates L cones 
much more than M cones, and S cones hardly at all; blue-green 
light is the peak stimulant for rod cells. The brain combines the 
information from each type of receptor to give rise to 
different perceptions of different wavelengths of light.
The pigments present in the L and M cones are encoded on 
the X chromosome; defective encoding of these leads to the 
two most common forms of color blindness. The OPN1LW 
gene, which codes for the pigment that responds to yellowish 
light, is highly polymorphic (a recent study found 85 variants in a 
sample of 236 men).
Up to ten percent of women have an extra type of 
color receptor, and thus a degree of tetrachromatic
color vision.



Color Perception Diff. Animals
• Perception of color is achieved in mammals. 
In most primates closely related to humans there are 
three types of cone cells, although up to 10% of women 
have tetrachromacy!
• Nocturnal mammals: less-developed color vision. 
• Honey- and bumblebees have trichromatic color 
vision, which is insensitive to red but sensitive in 
ultraviolet to a color called bee purple. 
•Tropical  fish and birds, may have more complex color 
vision systems than humans. In the latter example, 
tetrachromacy is achieved through up to four cone 
types, depending on species.
•Many other primates and other mammals are 
dichromats, and many mammals have little or no color 
vision. Marine mammals: a single cone type and are 
thus monochromats. 
•Pigeons are likely pentachromats.
Many invertebrates have color vision. Papilio butterflies 
apparently have tetrachromatic color vision despite 
possessing six photoreceptor types. The most complex 
color vision system in animal kingdom has been found 
in stomatopods with up to 12 different spectral 
receptor types which are thought to work as multiple 
dichromatic units. 

Wikepedia
Evolution: herbivore primates

Search for flowering plants



From Atoms to molecules
to macromolecules to you!
3-6 elements make up majority of you. 

About 3 dozen organic compound

-- precursors of almost all biomolecules

Body (Cell) uses 4 types of small molecules

1. Amino acids

2. Nucleic acids

3. Fatty acids/Lipids

4.Sugars/polysaccharides/Carbohydrates

What does body/cell uses 4 molecules for?

1. Building blocks

2. Energy Source

3. Information



Bones

Formula?
Formula?

Formula?

From Atoms to molecules
to macromolecules to you!



Primarily made of 4 small molecules

H2CHRCOOH: R= 1 or 20 side groups







Amino Acids

1. Building blocks

2. Energy Source

3. Information

-- Make proteins

-- Eat proteins

-- Signaling between cells/nerves









Sugars = Carbohydrates

1. Building blocks

2. Energy Source

3. Information

-- Make complex sugars… glucose, 
glycogen (polymer of glucose

Holds your cells together--Extra-
cellular space  filled with sugars

Cellulose (if a plant) 

-- Eat Hershey’s chocolate!

Glucose makes 40 ATPs

-- A lot! Much information.

Signaling that you are different than 
a pig.

















Fatty Acids/ Lipids
(Lipid– not dissolve in water)

1. Building blocks

2. Energy Source

3. Information

-- Make membranes. 

-- Eat fat (unsaturated, not saturated)

-- Signaling that you are different 
than a pig.



Definition of Fatty Acids



Fatty Acids & Fat



Fat = Energy Source





Details about Energy Storage







Lipids—low dielectric constant, 
excludes Ions, used a lot.



Big $$, Big lawsuits, pulled from shelves







Have a good rest of semester, 
grad. student or other career!



Class evaluation

1. What was the most interesting thing you 
learned in class today?

2. What are you confused about?

3. Related to today’s subject, what would you like 
to know more about?

4. Any helpful comments.

Answer, and turn in at the end of class.


