
Eyes, Ear, Nose


	Sensory Receptor Cells 
      sensory cilia – related to motile cilia, but central tubules are missing

      Light:  rod photoreceptor

                  uses rhodopsin and G-protein pathway for a.p. and nt release

      Sound:  ciliary movement directly opens/closes membrane channels

                    hair cells

      Chemicals:  rhodopsin-like receptors

                       G-protein coupled cascade to amplify original signal

                       1,000 different odorants can be detected

Genetic defects of cilia ( more than one cell affected (Usher’s Synd.)

Early Evolution of Vertebrate sensory organs:

         cilia project from apical surface of epithelia
         least protected = olfactory epithelium

          mechanosensory cells – more extensive infolding

          photoreceptors – most extensive evolution

                    folded into the neural tube ( must face AWAY from light
Sensory cell origins:  embryonic primordia
        EYE – forebrain epithelium grows out ( becomes OPTIC VESICLE

                     vesicle becomes retina

                    lens forms from ectoderm

        EAR/NOSE – from thickened surface ectodermal PLACODES

                ear:  otic placode ( otic vesicle ( hair cells

                nose:  olfactory placode

   **primordial tissues are source of neurons AND 

                                                         inductive signals for rest of organ**

VISUAL SYSTEM

EYE FIELD at anterior epiblast becomes committed to development

                  prechordal plate secretes SHH ( prevents midline development

                                                 allows for hypothamus/pituitary development

eye field subdivides into 2 types of primordia:

         neural/forebrain eye ( optic vesicle ( optic cup

         ectodermal ( lens, cornea, eyelids

         reciprocal signaling between cup and lens is necessary

                lens makes FGF 1/2 for optic cup

                cup makes BMP 4/7 for lens

                signaling defects ( anopthalmia, micropthalmia

       after contact is made between optic vesicle and lens placode:

          - lens placode pinches off to form lens and surface corneal epithelium

          - optic vesicle away from lens becomes RETINAL PIGMENT epi.

                        (for photoreceptors)

          - edge of optic cup forms the iris

          - CHOROID FISSURE – seam along which cup fuses
                                                    optic nerve runs along it

                          improper closing ( colobomas (conspicuous in iris)

      PAX6 – essential for eye development; haploinsufficient

                no iris, corneal defects, no fovea

                ectopic expression can induce eye/lens formation

Retinal Cell Types:  develop at different times

      ganglion cells – long axons that make the optic nerve

      bipolar cells – connect ganglion to photoreceptors

      glial cells – structural scaffolding of retina

      photoreceptors – 
             rods:  low light vision

             cones:  color vision (red, blue, green randomly distributed in fovea)

             photosensitive ganglion – sensitive to bright light (daylight) only
                                                    uses melanopsin; role in circadian rhythm
OTHER TISSUE TYPES:
       NCC ( corneal stroma, sclera (tough c.t. that covers the eyball)

       Paraxial mesoderm ( ocular muscles

       Lateral plate mesoderm ( choroid (vascular bed for retina)

Connections to the brain:

     enter via optic nerve

     left and right meet at optic CHIASM ( separates L/R fields of vision

             (right field of vision goes to left side of brain)

   after chaism, ganglion cell fiber can follow one of two pathways:

     Thalamic:  lateral geniculate nucleus (thalamus) ( primary visual cortex

                     for detailed analysis

      Tectal:  straight to optic tectum (dorsal midbrain)

                      for fast processing

     movements are guided by Netrins (attract), Slit (repel), Robo (receptor)

TOPOGRAPHIC MAPPING – directed by axonal guidance molecules

      topography is conserved (retinal image is inverted, tectal inverts again)

      retinal and tectal maps ARE NOT altered by surgical reorientation

             growth cones are able to seek out regions that have a specific 

             “positional value”
                       A/P posterior positional values regulated by ENGRAILED 

                       expression gradient  (increases expression towards posterior)

AUDITORY AND VESTIBULAR SYSTEMS

Outer Ear – pinna

                   derived from mesoderm
Middle Ear – ossicles strengthen and conduct sound to inner ear

                   derived from NCC
Inner Ear – derived from ectodermal placode
                 otic VESICLE can be divided into utricle and saccule

             Vestibular Organs:  orthogonal semicircular canals from utricle
                 canals form due to epithelial fusion followed by apoptosis

                 fluid motion bends cilia ( sense direction/magnitude of motion

                 sacculus – same principle to sense gravity/acceleration

             Cochlea:  hair cells detect sound between 2 resonating chambers
                        - outgrowth of saccule
                        - hair cells can discriminate frequencies based on variation in 

                           basilar membrane stiffness
OLFACTORY SYSTEM

     neuronal lifetime is 60d ( continuously renewed by stem cells

     from surface ectoderm, requires Pax6 for development
     - membrane of cilia is covered with odorant receptors (GPCR’s) 

     - olfactory epithelium connections to mitral cell of olfactory bulb 

     GLOMERULUS = spherical synapse-rich tissue surrounding bulb

             1,000 symmetrically arranged glomeruli
             FASCICULATION – all axons from a single receptor type are 

                                               specific for a given pair of glomeruli
            involves axonal pathfinding, growth cones
      “trial expression” – cells with defective receptors don’t differentiate

            specific anosmia:  maternal AND parental receptors are defective
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