AP Biology

Nervous Systems – Part 4
(Associated Learning Objectives: 1.15, 1.16, 2.11, 2.21, 2.28, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48, 3.50, 4.8, 4.9, 4.10 )
Important concepts from previous units:
1) There are various different types of energy in nature.

2) A ligand causes a confirmation shape change in a receptor protein.

3) In the signal transduction pathway, a stimulus is converted and amplified during the transduction phase.
I.  Sensation – This term refers to an action potential that has reached the brain and “sensed” the nerve impulse. 

II. Perception – This term refers to the integration (“thinking about it”) of a received action potential.
III. Sensory Reception – This term refers to the detection of a stimulus by sensory receptors (dendrites of special neurons).

A. Stimuli are forms of Energy that cause a transformational shape change in a receptor structure or protein.


1. Sensory Transduction Process:



a. A receptor threshold potential is achieved. (Summation leads to threshold causing depolarization to 
                                                     occur.)




b. Amplification can occur on the way to the CNS of the electrical signal.



c. Transmission along the axons is achieved by saltatory conduction.



d. Integration by the CNS into perception occurs to determine the appropriate response.




i. Sensory adaptation – This is a decrease in a continuous stimulus coming into the CNS.







(This is what your brain does with regards to the constant detection of

                                                                                                                 the clothing on your body.)

B. Types of sensory receptors:


1. Interoreceptors – These receptor cells detect internal stimuli such as: pressure, balance, and homeostasis.


2. Exteroreceptors – These receptor cells detect external environmental stimuli. 



a. Mechanoreceptors - These detect bending or stretching of membranes or hairs.



b. Nociceptors - These detect pain using substance P.



c. Thermoreceptors - These detect heat or the lack of heat “cold”.



d. Chemoreceptors - These detect certain chemicals. (osmo-water; gustatory – taste; olfactory – smell)




e. Electromagnetic receptors (photo – light; electro – electrical; magno – magnetic)

IV. Sensation of Hearing 

A. This sensation is accomplished by mechanoreceptors located in the Inner ear. (Sound is basically hairs bending.)


B. Cochlea “snail shell shaped” (This organ is located in the temporal bone of the skull.)



1. It is filled with a fluid called perilymph. (This fluid is used to make ripples.) 


2. The Vestibular Canal runs on top of the Cochlear duct. (A “vestibule” is a covering.)



3. The Tympanic Canal runs on the bottom of the Cochlear duct. 


4. The Cochlear Duct contains the Organ of Corti (Where the hairs are located.)
a. Basilar membrane (This contains the mechanoreceptor hairs)

b. Tectorial Membrane (This bends the hairs as the ripple energy passes over top.)
c. Hairs bend causing depolarization in the membranes of the auditory nerves to create an action
potential (electrical energy) because of the traveling ripple of perilymph in the canal.
V. Sensation of Balance and Motion

A. These are accomplished by mechanoreceptors (hairs bending again) in the Inner Ear. 

B. Semi-circular canals (There are 3 on each side of head. These are the actual organs that detect these sensations.)



1. The canals are filled with perilymph fluid.


2.3 canals: (90⁰ -detects up/down; 45⁰ - detects horizontal/vertical; 0⁰ -detects left lean/right lean)



3. Ampulla - This is the swelling located at the end of a canal. This swelling contains the cupula.


4. Cupula – This structure contains the embedded mechanoreceptors (Hairs that bend.)



a. Movement of the body causes the perilymph to “flow” through the canals and bend the cupula hairs.



b. Cupula bends the embedded hairs causing depolarization in neurons. 




c. Energy of motion is converted to electrical energy.
VI. Sensation of Taste
A. This is accomplished using Chemoreceptors in the nose (olfactory – means “smell”) and mouth (gustatory – means

 “taste”).

B. Chemicals cause depolarization of different neurons upon contact. 


1. The five taste senses are: sweet, sour, bitter, salty, and umami (means “savory”… applies to meat taste.)


C. Taste is 80 % smell and 20 % taste (Think of when you have a cold? Food seems tasteless.)
VII. Other organism’s stimuli detection structures:

A. Lateral line system - These act as “ears” for aquatic animals like fish. 


1. Water vibrations flowing through the system bend the cupula hairs.

B. Otholithes or Statocysts - These detect balance and gravity.

C. Insect hairs - These are for detecting taste and air currents.

D. Tympanum - The “ear drum” of amphibians and insects. They are located on the sides of the body near the head. 
