
Announcements
April 21, 23, 28—Lecturers as usual.

Wednesday April 30th: 

10:30-11:50 am--In class– Present your final talk

6-8ish pm– Pizza and Final talk.

Friday May 2nd: Take home Final Exam. Pick up in 
364 Loomis between 4 and 6pm.

(You must turn in the final exam as well as your answers! You will 
also be asked to sign a statement saying you have not made a 
copy nor shared the test or answers with anyone else.) 

Monday, May 5th, 5pm: Final Exam due. Turn in 
Exams and your answers to Rm 364 Loomis.

Friday May 9th 5pm: Turn in final paper to Rm 364 
Loomis.
Homework (due Monday 4/ 28): Read P498Bio 
Library (on Web): 
1. Bezanilla, F., How membrane proteins sense voltage.
Nat Rev Mol Cell Biol, 2008.
2. Single-photon detection by rod cells of the retina … F. 
Rieke et al., Reviews of Modern Physics,1998.

Write a ½ page EACH stating: What was major point; 
What was one thing you did not know; What question do 
you have that is unanswered?



Summary of Ion
Channels

How Shaker Potassium Ion 
Channel Reacts to Voltage



Structure of the Kv 1.2 Channel
(a mammalian channel)

membrane

auxiliary
-subunit 

Channel is in open conformation –
cannot settle Paddle movement debate

MacKinnon believes S4 movement large
(Originally believed 15-28 Å)

Figure adapted from Long and MacKinnon, Science, 309, 897-903, 2005.



Three neighboring residues,351, 352, 352
Move in different directions

farther

Shaker voltage sensor twists, 
does not translate too much.



How it all adds up:
Shaker voltage sensor twists, 
does not translate too much.

S4 Resting                S4 Activated

Cha, Nature, 1999



How the Pore Opens(Pancho Bezanilla Model)

When the membrane potential changes from hyperpolarized (closed) to depolarized 
(open), segment S4 rotates 180°, changes its tilt by about 30° and moves towards the 
extracellular side by about 6.5 Å. Movement of the S4 segment is transmitted through the 
S4–S5 linker to the intracellular part of S6 (magenta). The ion conduction pore is formed by 
the S5 and S6 segments and the main gate of the channel is formed by the intersection of all four 
S6 segments. The gate opens when the S6 segment breaks in the Pro-Val-Pro region (PVP 
motif) of the S6 segment, splaying apart all four segments and thereby allowing ion conduction. 
When the membrane is depolarized the translation rotation and tilting of the S4 segment is 
transmitted through the S4–S5 linker, which is in contact with the intracellular part of the S6 
segment. This causes the PVP motif to bend, which opens the gate and initiates ion conduction. 
In the closed position S6 is a straight   -helix, whereas in the open position it is bent at the PVP 
motif, thereby opening the gate. S1, white; S2, yellow; S3, red;

only two subunits 
shown

Arginines in magenta
S4 in Blue
S6 in magenta

dashed arrow 
represents ion 
conduction through 
the open pore.



(This time or Next time ?)



Visual System

Optic tract–
right side of 
both sides 
goes into 
right side of 
optic tract



The Eye

Tons of blood vessels cause lots of Oxygen use.



5. Rods and Cone Backwards!

light



Why is image formed upside-down, but not left-to-right?



Outer
segment

Inner
segment

Rod Cone

Synaptic 
terminal

Rhodopsin– pigment that absorbs 
light changes shape: bent 
straight that ultimately leads to 
signal, i.e. ion channel opening, 
nerve firing.

~3 m









temporalnasal

cones

Optic 
disk







Units?
Power/area = 
(Energy/time)/area: Watts/m2

Photons/area/time x 
energy/photon

Energy/photon= hphoton

















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.




