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The Chemical Senses

Chapter 8
· Gustation

· Stimulus

· Tastants are non-volatile, hydrophilic molecules - generally related to palatability

· Organization 

· Tongue has regions of higher sensitivity to different tastes, but all tastes can be sensed at all positions on the tongue.

· The tongue is covered with raised papillae.

· fungiform, vallate, and foliate

· On the papillae are taste-buds
· taste buds are also found in the soft palate, pharynx, larynx, and upper esophagus.

· Within each taste-bud are taste receptor cells
· Taste receptor cells have a lifetime of 2 weeks and are regenerated from basal cells

· When exposed to an appropriate tastant, there is a change in the resting potential of the receptor cell: a receptor potential
· There are different classes of taste receptor cells.

· Some taste receptor cells release ATP as a neurotransmitter. 

· Others may release serotonin at synapses with primary sensory neurons 

· Individual taste afferents respond to a variety of stimuli.
· Therefore, population coding determines taste sensation
· Transduction – there are a number of different transduction mechanisms

· Salt – 
· Low [Na] direct passage of Na+ through amiloride-sensitive ion channels in the apical membrane 

· Hight {na] - depolarization of other taste receptor cells
· Sour – Acid

· The sensor is still not known

· protons can also pass through amiloride-sensitive ion channels and other channels

· Also have direct acidification of cytoplasm

· protons can block some potassium channels

· Carbonation evokes a taste sensation because of an extracellular Carbonic Anhydrase, which creates acid from CO2
· Bitter – a variety of very different compounds taste bitter: Alkaloids – quinine and caffeine; amino acids, divalent salts

· Different receptors have been identified for different compounds – T2Rs

· Act via the G protein, gustducin
· High affinity – activated by low concentrations of tastants
· Sweet – Sugars and some amino acids- T1R2+T1R3 (heterodimer)
· Umami – Monosodium Glutamate (MSG)

· T1R1+T1R3
· Species differences in sequences in T1Rs lead to different sensitivities

· Shown to be due to receptors with transgenic mice

· T2Rs, which sense bitter form a large family that is highly conserved

· Central connections 
· Axons of primary sensory neurons run in three cranial nerves

· Chorda tympani (branch of cranial nerve VII, the facial nerve) – anterior 2/3s of tongue

· The glossopharyngeal nerve (cranial nerve IX) – posterior 1/3 of tongue.

· The vagus nerve (cranial nerve X) – regions around throat
· Project to portions of the nucleus of the solitary tract (NST) in the medulla (gustatory nucleus). 
· Neurons from the gustatory nucleus project through parabranchial nucleus to the ventral posterior medial nucleus (VPM) of the thalamus
· Thalamic axons project to several cortical regions including the gustatory cortex in the temporal lobe. (Brodmann’s area 36, 43)
· Recent evidence suggests a labeled line code for taste in cortex

· Behavioral responses to tastants seems to be hardwired.  

· Experiments with transgenics

· Olfaction

· Stimulus

· Airborne odorants – volatile substances

· Classification of odorants into categories has been difficult – What is the basic unit of smell? 

· Pheromones are chemical signals that are used for communication by members of the same species

· Olfactory receptor cells:

· are located in the olfactory epithelium
· have axons that project to the olfactory bulb
· have chemosensitive cilia that extend into a mucus layer

· are replaced every 6 –8 by new receptor neurons that arise from the basal cells in the epithelium

· Transduction

· Olfactory receptor molecules are G protein coupled receptors 

· Linda Buck and Richard Axel – Nobel prize
· Binding of the odorant, either directly to the receptor or via an olfactory binding protein, activates the olfactory G protein (Golf)

· The ( subunit of Golf activates adenylyl cyclase, which produces cAMP.  

· cAMP activates a cyclic-nucleotide-gated channel.

· Na+ and Ca2+ enter through the channel

· Ca2+ activates a Cl- channel that causes further depolarization 

· Note that Cl- leaves the cell because ECl is less negative than Vm.
· Coding

· In mice there are about 1000 different olfactory receptor molecules 
· about 300 in humans

· An odorant would bind to more than one receptor allowing a tremendous number of different combinations to be activated by different odorants

· Each olfactory receptor neuron: 

· expresses only one type of receptor molecule

· is sensitive to many different odorants 
· Organization 

· The olfactory bulb has glomeruli - regions of synaptic input from olfactory receptor cells

· All olfactory receptor cells that express a particular receptor molecule project to the same glomerulus.

· Each Mitral Cell, the main output of the olfactory bulb, receives input in a single glomerulus.

· Optical imaging shows that an odorant activates a distinct and consistent pattern of glomeruli – spatial coding
· Also have temporal coding of information 

· Oscillations and synchronous activity contain information that is used by downstream elements

· The output neurons of the olfactory bulb project to 
the olfactory tubercle and olfactory cortex – in the temporal lobe 
· Do not project to thalamus before arriving in cortex
· A variety of different forebrain areas receive olfactory input.
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