MSP Neuro: week 12
1. Discuss the differences between rods and cones: 
Ans.   Rods: more discs with photopigment (hence more sensitive to light);  more densely packed; one photopigment; peripheral retina contains more rods than cones; highly convergent connectivity YES  (many rods to one  bipolar cell); rhodopsin

Cones: fewer discs; three photopigments (allows sensitivities to different light wavelenghts; red, blue, green); located in central retina (fovea) (highest acuity vision) in high proportions; little convergence [one cone goes to one bipolar cell]; 
Rods: more sensitive, less descimination

Cones: less sensitive, more discrimination
2. Describe the process by which light is processed by the brain.

Ans:  in the dark (constiuitively: high levels of cGMP) 

With light: activated rhodopsin activates trandsucin molecule which in turn activates cGMP phosphodiesterase which breaks cGMP to GMP. [amplification: one activated rhodopsin, activates hundreds of transducins, which then leads to much phosphodiesterase cleavage of cGMP

--the cleavage of cGMP results in the closure of sodium channels (1 photon, 300 ion channel closures) and a resulting HYPERPOLARIZATION.
Describe the orientation of the retina and discuss why it must be oriented in this “inside-out” manner.

Ans.  In the retina, the photoreceptor cells are the farthest removed cells from the incoming light: ie, photons of light must pass through the entire thickness of the retina in order to reach the light absorbing pigments found in the photoreceptor cells. (thus light passes from first to last: through the ganglion cell layer, through the layer consisting of amacrine, bipolar, and horizontal cells, before finally reaching the photorecptor layer.  The retina is oriented in this fashion because of the need for the photoreceptor cells to be adjacent to the pigment epithelium and adjacent choroid.  This epithelium contains melanin (to reduce reflection) and is responsible for phagocytosing shed discs (not of the frisbee variety), while the choroid is highly vascularized in order to support the retina’s high metabolic demands (the retina needs the close proximity to this blood supply for survival).  If the photoreceptors were the cells closest to the vitreous humor, the choroid would also have to be in this locale.  Its blood vessels would then distort the light arriving to the retina and would thus disturb vision.

Channel components of the photoreceptor cells: cGMP dependent Na channel (outer segment; channel is also permeable to Ca); K leakage channel (inner segment)
Describe light adaptation and the mechanism behind it.

Ans: light adaptation = adjustments made to bright light/darkness; the mechanism involves the enzyme guanylate cyclase (catalyzes cGMP formation), which can be inhibited by Ca.  If one enters bright light, the light causes the Na/Ca channels to close; thus, less Ca enters which removes the inhibition of guanylate cyclase, thereby increasing the level of cGMP (and vice versa when one goes from light to dark).

Imp’t point to emphasize: light adaptation is faster than dark adaptation 

Discuss differences between the two major subtypes of ganglia cells:

Ans:

Magno: larger receptive field; transient response to stimulus; not sensitive to color

- detect mov’t/change; large field; no color response

Parvo: smaller receptive field; sustained response to stimulus; sensitive to changes in wavelength

· fine detail; color

Visual processing in the retina

a) Draw a diagram of the On/Off pathways for both rods and cones (in one diagram); label synapses as +/- and indicate whether the cells are depolarized/firing with light/darkness; in addition, indicate type of NT involved

Ans: see p.5
b)  Draw a diagram of the surround system for (1) cones and for (2) rods [include here the relevant cone interactions].  As above, label synapses with +/- and NT’s and know the firing patterns with light/darkness;

Ans: they don’t have a picture of it, but it should be in either last year’s notes or in the small group discussion sessions (if you can’t find it, let me know and I can draw it for you in our Monday mtg)

7.  Matching:  Projections from the retina 

___B____
Lateral geniculate nucleus/


a.
Regulation of circadian 



primary visual cortex



rhythms driven by light/dark cycles

___C____
Pretectum



b.
Vision

___A____
Superchiasmatic nucleus


c.
pupillary reflex

___D____
Superior colliculus


d.
coordination of head/eye 

movements

8.  Draw the retinofugal projection (from retina to the primary visual cortex, include optic nerves, optic chiasm, optic tract).  On your drawing, indicate the location(s) of a lesion that would produce the following deficits:

a. right anopsia (loss of vision in the right eye)

b. bitemporal hemianopsia

c. left homonymous hemianopsia

A. Lesion at right optic nerve

B. Optic chiasm split down the middle

C. Lesion in right optic tract
9.  The Lateral Geniculate Nucleus:  Fill in the blank

The lateral geniculate nucleus (LGN) sends and receives projections from         the visual cortex           .    
Information from the left eye is sent to layer(s)       1, 4, 6            while information from the right eye enters layers         2, 3, 5              .  The 2 ventral layers receive input from the     M      cells in the retina, are called the      magnocellular    layers, and send projections to the      4C alpha         layer(s) of the primary visual cortex.  The 4 dorsal layers receive input from the       P     cells in the retina, are called the                        parvocellular       layers, and send projections to the       4A, 4C beta                 layer(s) of the primary visual cortex.  Color information goes through the        parvocellular       layers.

10.  Describe “retinotopic mapping”.  How does the retinotopic mapping seen in the LGN and the primary visual cortex differ?

Retinotopic mapping means that “information is represented the same orderly way as it is in the visual world” (pg 4 CNS Organization notes).  In the primary visual cortex, mapping is retinotopic BUT distorted.  The amount of cortex devoted to a particular region of the visual world is proportional to the number of receptors.  The fovea has the greatest number of receptors, therefore the majority of the cortex is devoted to the fovea.  This is analogous to the homunculus.  For example, recall that a huge amount of sensory cortex is devoted to the hands.  Why??  The hands, especially the fingertips, have a greater concentration of sensory receptors.

11.  “Name That Layer”-Indicate (by number) which layer of the visual cortex is being described (be specific)

Input layers:  receive projections from the LGN, contain primarily stellate (interneuron)/pyramidal cells that make local/far-reaching projections (circle one).  Circle stellate (interneuron) and local.

  4C alpha  
receives input from the magnocellular layers of the LGN

4A, 4C beta
receives input from the parvocellular layers of the LGN

Output layers:  sends projections to the LGN and other areas of the brain, contain primarily stellate (interneuron)/pyramidal cells that make local/far-reaching projections (circle one).  Circle pyramidal and far-reaching.

       6         
sends projections to the LGN

       5         
sends projections to the superior colliculus

       2,3      
send projections to “higher centers” for further processing

       4B       
sends information to the direction sensitive area MT

Other:

       1         
has very few cell bodies, mostly composed of axons, dendrites, and synapses

12.  For each of the following cortical neuron types, describe their a) receptive field and b) the type of

light stimulus that will excite the neuron (include diagrams).    

a.
First Stage Cortical Neurons

Receptive fields:  circular, center/surround, defined ON/OFF regions

Stimulus:  do not respond to diffuse light, will respond to spots of light and also bars of light (although these are less effective than spots).  No orientation specificity

b. Simple Cortical Neurons

Receptive fields:  rectangular, defined ON/OFF fields

Stimulus:  do not responds to diffuse light, respond very weakly to spots of light.  Respond maximally to linear stimuli (bars of light).  Orientation specific

c. Complex Cortical Neurons

Receptive fields:  rectangular, no defined ON/OFF fields

Stimulus:  do not respond to diffuse or spots of light, only linear stimuli (bars, edges of light).  Non-orientation specific.  Moving bars of light are particularly effective stimuli.  Often there is a preferred direction of movement (neuron will fire if light stimulus moved in one direction but not the other).

13.  Ocular Dominance, Orientation Columns and Blobs:  True/False (if the answer is false, state why)

      T      
Layers 4A and 4C of the visual cortex are made up of simple cortical neurons that receive input from EITHER the contralateral OR the ipsilateral eye (are monocularly driven)

      F      
Binocularly driven cells are found in the layers of visual cortex above layer 4.  They are found above AND BELOW  layer 4

      T      
Binocularly driven cells near the borders of an ocular dominance slab are driven approximately equally by both eyes, while those near the center of an ocular dominance slab are driven more strongly by one eye (determined by the input to layer 4 contained in that slab)

      F      
 
Each small part of the visual field is represented by a single ocular dominance slab.  TWO


 ocular dominance slabs represent each small part of the visual field

      T      
Ocular dominance slabs can be subdivided into vertical orientation columns, which are collections of cells having preferred axes of orientation stimuli.

      F      
A hypercolumn is a set of two ocular dominance slabs (one from each eye) containing orientation columns for 360 degrees of stimulus orientation.  Should be 180 degrees, not 360.

      T      
Layers 2 and 3 of the visual cortex contain blob regions (color sensitive cells that are not orientation specific and receive color contrast information) and interblob regions (non-color sensitive cells that are orientation specific and receive achromatic brightness contrast information).  

      T      
Information from the P ganglion cells of the retina follows this path:  parvocellular layers of the LGN -> layer 4C beta of the visual cortex -> blob AND interblob regions of layers 2 and 3 of the visual cortex  

      F      
Information from the M ganglion cells of the retina follows this path:  magnocellular layers of the LGN -> layer 4C alpha of the visual cortex -> blob AND interblob regions of layer 4B of the visual cortex.  Layer 4B cells are non-color sensitive, orientation specific, resembling cells of interblobs but not blobs.

