Today

Forgot to post Vision. Now done.
Homework due this Wednesday (sorry!)

Today- not part of homework.

Finish up Vision (quickly): Cones vs. Rods

Fats, Sugars, Food you need to survive.



Basic Structure of the Eye

Blind spot

Things to notice:

Image formation:
1. Two lenses, not one! One fixed, one variable
Big index mismatch at cornea/air; some at lens.

2. Image distance is fixed.
3. Normal eve: object at o0, focussed on retina with
lense relaxed.

Light (and color) detection:
4. Sensitivity of retina = function position

5. Rods and Cone Backwards!



Molecular Biology of Vision

Photon abs = retinal cis=2>trans ...ion channel close.
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Cis—> trans - retinal
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. Rhodopsin molecules contain a protein called opsin plus a derivative of vitamin A
called 11-cis-retinal. In the dark, 11-cis-retinal fits nicely into the folds of the
surrounding opsin. When light hits the rhodopsin, the 11-cis-retinal becomes all-
trans-retinal and no longer fits into the cavity of opsin. The opsin and the all-trans-
retinal separate. [Ultimately, the all-trans-retinal molecule is expelled from the
protein, yielding free opsin plus free all-trans-retinal.] The change in rhodopsin
conformation is eventually transmitted to the nerve cells in the eye and then the
brain. The stereoisomerism of retinal is thus an important part of the vision
process. Note that only one of the five double bonds is affected in this
transformation, but when this one changes from cis to trans, the shape of the entire
molecule changes. An enzyme later catalyzes the change of all-trans-retinal back
to 11-cis-retinal so that it can once again bind opsin and wait for the next exposure
to light.

http://www.chemistry.wustl.edu/~edudev/LabTut

orials/Vision/Vision.html
http://www.brookscole.com/chemistry_d/templat
es/student_resources/0030012910 kotz/oscien
ce/chll/carbon4.html



Biochemical Cascade con’t
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6. cGMP required to open Na* channels.

Therefore Ligand-gated Na* and Ca?* close.
Notice that ion channel is Metabotropic—change in response
goes through a secondary messenger

7. Action Potential decreases

Vision is odd: Light levels cause a secession of
action potentials. In dark, rod cells are working the
hardest!

Rod/Cone cells use up huge amounts of oxvgen.

(I think more oxygen than any other cell.)

http://www.chemistry.wustl.edu/~edudev/LabTut
orials/Vision/Vision.html#Signal




Color Vision—Cone Cells

Color vision in the cone cells operates by essentially the
same process as the monochrome vision in the rod cells.
However, whereas the eye only has one type of rod cell,
the eye has three different types of cone cells. The
differences between the three types of cone cells, allow us
to distinguish colors.

Every color in the visible spectrum can be made by a mixture of
the three primary colors recognized by the three types of cone
cells. Each type of cone cell contains a different protein bound to
11-cis-retinal and has its own characteristic absorption spectrum,
corresponding to the particular pigment protein that it contains.

Goldfish red-, green- and blue-absorbing pigments

Relanve absorbance

400 S 600 700
Waveleneth (nm)
Only a few amino acids differ in retinal
which is sensitive to blue, green & red.

http://mww.chemistry.wustl.edu/~edudev/LabTu
torials/Vision/Vision.html#Signal



Rods and Cones
Sharpness & Sensitivity

Rods are very sensitive to light
—seeing about a single photon.

Cones are not as sensitive

— but are useful for differentiating color
— create sharper images.

Why is this?

Brain reads from optic nerve,
which differentially takes signals from rods and cones.

Each cone connects to a single nerve.
Brain can tell exactly where light came from,
l.e. extremely sharp image.

Each rod may share a nerve with 10,000 other rods.
Less sharp. Yet more sensitive (?).

Thus, our ability to view images depends on the brain
determining the location of the photoreceptor cell that
passes an impulse to any given nerve fiber.

http://mww.chemistry.wustl.edu/~edudev/LabTu
torials/Vision/Vision.html#Signal



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 Iin
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.

Evolution: herbivore primates Wikepedia

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— make up proteins

2. Nucleic acids—DNA, RNA
3. Fatty acids/Lipids-- membranes

4.Sugars/polysaccharides/Carbohydrates—
structural, food

What does body/cell uses 4 molecules for?
1. Building blocks

2. Energy Source

3. Information



Primarily made of 4 small molecules
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Atoms combine to make small molecules &
macromolecules of cell

Table 2-1 The Approximate Chemical Composition of a Bacterial Cell
Number of -
Percent of Total Types of Each
Cell Weight Molecule
Water 70 1
Inorganic ions | 20
Sugars and precursors 1 250
Amino acids and precursors 0.4 100
Nucleotides and precursors 0.4 100
Fatry acids and precursors ) 1 50
Other small molecules 0.2 ~300
Macromolecules {proteins, nucleic acids, 26 ~ 3000
and polysaccharides)
L ——— Alberts, Mol Biol Cell

Minimal Requirements of Food

A complete diet must supply the elements;
carbon, hydrogen, oxygen, nitrogen,
phosphorus, sulfur, and at least 18 other
iInorganic elements. The major elements are
supplied in carbohydrates, lipids, and protein.
In addition, at least 17 vitamins and water are
necessary. If an essential nutrient is omitted
from the diet, certain deficiency symptoms
appear.

http://mwww.elmhurst.edu/~chm/vchembook/5900verviewmet.html



Energy from Food
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Amino Acids

1. Building blocks

-- Make proteins

2. Energy Source

-- Eat proteins

3. Information

-- Signaling between cells/nerves



Amino Acids are used in Signaling.

Mammalian central nervous system,
3 major transmitters act at direct chemical synapses:
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Amino Acids are used as energy source

Surplus a.a. beyond that needed to make proteins
are broken down (burned)
[a.a. can’t be stored, not excreted]

Amino acids broken down into
Pyvruvate (high energy 3-carbon compound) + urea
(amine-containing waste)
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Example of amino acid breakdown
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Sugars = Carbohydrates

1. Building blocks

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

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

Cellulose (if a plant)
2. Energy Source

-- Eat Hershey’ s chocolate!
Glucose makes 30-40 ATPs

3. Information
-- A lot! Much information.

Signaling that you are different than
a pig.



Carbohydrates

Energy Transduction: Life is a slow burn.
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Gtucc:se Energy = 30ATP at 20- 25 KT/ATP
= 600-750kT =2 x 10™)

Explains:

a. Why we breathe 1n oxygen

b. Why we breathe out CO,.

¢. Why some animals (gerbils, kangaroo rats,
camels) can go for long time w/o external
water.

d. We are reverse plants.



Definition of Sugar = carbohydrate = saccharide

Monosaccharide: (CH,0), n=3-8
2 or more OH groups;
(Precursor or) Sugar contains, C=0 (aldehyde, ketone).

_Polysaccharide = (Monosaccharide),,

Sugar Is a carbohydrate (C + H,0)
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Monosaccharides have isomers

Same chem. formula, different spatial arrangement.

Small chem. differences but enzymes recognize isomers
differently — significant biological effect.

# of possible polysaccharides increased enormously.
Info. content high.



Sugars are used as energy sources.

Glucose. .. di-sacchandes. ..

(CH,O)s + 6 O, = 6 CO, + 6 H,O + Energy (36-38 ATPs)
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then into Pyruvate and then into ATP as energy.



Glveogen in bacteria, animals.

Linear + branched (every 8-12 units) glucose, up to 50k. With Enzyme
can digest!
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Brameds - lm starch and glycogen?
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Fatty Acids/ Lipids

(Lipid— not dissolve In water)
Carboxylic acid with an aliphatic tall

O

hydrophiiC\)J\ hydrophilicCl
OH

1. Building blocks

-- Make membranes.

2. Energy Source
-- Eat fat

3. Information

-- Signaling that you are different
than a pig.



Definition of Fatty Acids

Defn: comfain lan h\ljdl‘ewtu
~els
-ud 1w ( Cedbonlole
73
€., ?ﬂ.\hﬂ-hit Aci

O X
WW%
{4 Ho
trans-Oleic acid

CHs Cd),s =< 3,y-

-D FF' % s

- A lengths

?
Al sigle bt (ssturstedd ek
- qu::quﬁtx.



Fatty Acids & Fat
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Fat = Energy Source
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Lipids—Ilow dielectric constant,
excludes lons, used a lot.
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Sugars are used as signals
Recognition of cells
Signal where to send glycoproteins

¥EMNOTRAMNSPLAMNTATION

Cloned Pigs May Help
Overcome Rejection

The cloning of Dolly the sheep nearly 3
wears apo raised the hopes of transplant sci-
mmm[mlmgﬁ:rm enudless supply of Hife-
saving organs. It was a key step toward cre-
ating & line of identcal animals genetcally
engineerad &0 their organs could be used in
peaple, Mow, a team led by researchers at
the University of Missouri, Columbia, has
made another major advance—the crealion
of four cloned piglets that lack one copy of
a gene that causes pig ofgans to be rejected
by the himkan iMmone System.

“This is something thats been cagerly
awaited” says immunologist Jeffrey Plan of
the Mayo Clinic in Rochester, Minnesou,
an cxpert in xenotransplantation. or
amirmal-to-hurman transplants. The work, pub-
lished online this week by Science {wwa,
Wmmrmﬂmhﬂfvm
to their geal of produsing live pigs lacking
bith copies of the gene. [t puts the Missouri
group shesd of » pack of companies, one of
which has just welcomed the birth of knock-

Figs are the most promising species for
organ ransplants because they are plvsiolog:
jeally similar to humans and, wnlike non-
hurmnan primates, are in plertifial supphe B
progress in the field has been show for e
mutted From pigs fo hirfans and the almon
certain rejection of due Tansplanted organ.

Pige produce 2 sugar, a link berween too

— galactoses, on the sarface of their endothe.

ce.ﬂ

kMunM-\q.

Handling rejection. This piglet lacks ome copy
of a sugar-producing gene that makes humans
FEject pig organs.

lial cefls that humans and Old World mon-
keys do not make, Primates’ immdne sys-
tems recognize this sugar as a foreign anti-
gen and attack the pig ceils, leading to “hy-
peracute rejection” and organ failure.
Researchers have addressed the problem
by endowving transgenic pigs with proective
proteins o counter the imumune response,
which has allowed the orpans o fimetion in
primates for months rather than days. But the
only complete sohstion is thooght to be a pig
lacking the gene for the enzyme galactosyi-
transferase that makes the sapar. Cloning
techinology raises the possibitity of disnupting,
ar knocking out, this gefie in cultured cells,
then inssrting the mucleus of the modified
oefls into an emiply pig egg to ofeste embryos.
The first cloned pigs were created in
2000 (Science, 18 August 2000, pp. 1118
wnd |188), Mow, animal scientist Randall
Prather and his team at Missouri, along with
collaborators at lmmerge BioTherapeutics
Inc. in Chariestown, Massachusctts, have
knocked owt the galimnsferase gene in fetal
cells
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Sperm Whales: Fatheads of the Deep

4 tons of Fat used as variable floating device

spermacet]
organ

Lehninger, box 11-1

Sperm whale head
1/3 total body weight
90% of head = 4 tons (3,600 kg) of blubber
= unsaturated fat (triglycerides) & wax

Normal whale body temp: 37°C fat = liquid.
Whale dives (1-3 km; 2 miles!), lays in wait to eat squid.
Cold water, more dense; fat freezes, becomes more dense.

Evolved to have right composition
of chain lengths/ saturation so at all depths,
whale is = same density as water



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.



Energy from Food
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The three major carbohydrate energy producing reactions are
glycolysis, the citric acid cycle, and the electron transport chain.



Animated Glycolysis

http://www.johnkyrk.com/glycolysis.html

Multiple steps to get ATP and reduced NADP
(NADPH) to enter the (Citric acid =) Krebs cycle in
mitochondria to get more ATP.

If you were a biochemist, you'd have to know all of the steps!
Aren’t you lucky that you don’t have to know them!



Interesting Detalls
about Energy Storage
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