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Types of Sensory Receptors

- Based on the energy they transduce, sensory receptors fall
Into five categories

Mechanoreceptors
Chemoreceptors
Electromagnetic receptors

Thermoreceptors

SER i RS e b

Pain receptors
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Mechanoreceptors

 Mechanoreceptors sense physical deformation

— Caused by stimuli such as pressure, stretch, motion, and
sound
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Chemorecegtars

 Chemoreceptors include

— General receptors that transmit information about
the total solute concentration of a solution

— Specific receptors that respond to individual kinds
of molecules
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Electromagnetic Recepitors

* Electromagnetic receptors detect various forms of
electromagnetic energy

— Such as visible light, electricity, and magnetism
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T hermoreceptors

 Thermoreceptors, which respond to heat or cold

— Help regulate body temperature by signaling both
surface and body core temperature

Copyright © 2005 Pearson Education, Inc. publishing as Benjamin Cummings



Pain Receptors

* In humans, pain receptors, also called nociceptors
— Are a class of naked dendrites in the epidermis

— Respond to excess heat, pressure, or specific
classes of chemicals released from damaged or
Inflamed tissues

Copyright © 2005 Pearson Education, Inc. publishing as Benjamin Cummings



Weak ‘ v ‘ Strong

AL ) muscle stretch muscle stretch
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- (a)Crayfish stretch receptors have dendrites  stretch, producing a receptor potential in the receptor. A stronger stretch produces
embedded in abdominal muscles. Whenthe stretch receptor. The receptor potentialtriggers  a larger receptor potential and higher
abdomen bends, muscles and dendrites action potentials in the axon of the stretch requency of action potentials.

Figure 49.2a
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A hair cell found Iin vertebrates

“Hairs” of Arm No fluid » Fluid moving in
hair cell , movement W one direction
Neuro- More
trans- - neuro-
mitter at trans- Ve
synapse T
Axon / -50 - —50 1 Receptor potential
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(b) Vertebrate hair cells have specialized cilia or with a sensory neuron, which conducts action
microvilli (“hairs”). that bend when sur-rounding - - potentials to the CNS. Bending in one direction
fluid moves. Each hair cell releases an excitatory - depolarizes the hair cell, causing it to release more
neurotransmitter at a synapse neurotransmitter and increasing frequency

Figure 49.2b
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of action potentials in the sensory neuron.

Bending in the other direction has the opposite
effects. Thus, hair cells respond to the direction
of motion as well as to its strength and speed.s
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« Humans and other mammals

— Focus light by changing the shape of the lens

Front view of lens
and ciliary muscle

Lens (rounder)

Ciliary muscles contract, pulling
border of choroid toward lens

Choroid
Suspensory ligaments relax — Retina
Ciliary
muscle
Ler]s becomes thicker and rounder, focusing on negr Suspensory
objects ligaments

(a) Near vision (accommodation)

Ciliary muscles relax, and border of choroid moves

away from lens Lens (flatter)

Suspensory ligaments pull agains{
lens |

Lens becomes flatter, focusing on distant objects

FignRdd 19a—Db
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* Rods contain the pigment rhodopsin

— Which changes shape when it absorbs light

Rod

Outer
segment
Disks
Cell body Inside
\ of disk
Synaptic

terminal \

Rhodopsin {

(a) Rods contain the visual pigment rhodopsin, which is embedded
in a stack of membranous disks in the:rod’s outer segment.
Rhodopsin consists of the light-absorbing molecule retinal
bonded to opsin, a protein. Opsin has seven o helices that span

F|gure 4920a’ b the disk membrane.

H

H H (,/=o

N CH; |

O CH, HyC\, #C—H
A S L B
H,C C.

\(l:/C\i/ \?/C\?/C\H

CH, H CH,
clsisomer

Light l T Enzymes

H
H\ CH,

C.l cH
VN Ve 3
H,C C H H H H

— | | |
\C/C\C/C\C//O
| | N

|
H,C © @
\(I:/C\lc/ \('/
CH; H CH; CH; CHs
trans isomer

(b) Retinal exists as two isomers. Absorption of light converts

the cisisomer to the frans isomer, which

causes opsin to change its conformation (shape).
After a few minutes, retinal detaches from opsin.

In the dark, enzymes convert retinal back to its cis
form, which recombines with opsin to form rhodopsin.
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- Absorption of light by retinal

— Triggers a signal transduction pathway

¢ Light
L/- INSIDE OF DISK EXTRACELLULAR
-/ FLUID
= | .
/_/\/ Active rhodopsin PDE
I_QJ /
Membrane
- potential (mV)
3 . - .’ . osoll ____Plasma
< membrane 0
/4 omes? Vo N Light
N cGMP
Inactive rhodopsin Transducin Disk membrane 40
GMP 4 _ ' \
| Na* — Hyper-
<’ - 70+ polarization
ﬂ Light Q Active Q Transducin Activated PDE Time —————g»
isomerizes rhodopsin activates the detaches cyclic
;ectzsglt,ev;/hlch in ';_urnt . eﬂzyme guanosine ®
, aciivates a RGN monophosphate ~ The Na+ channels
rhodopsin. protein called phodiesterae (cGMP) from close when cGMP
transducin. (PDE). Na* channels in ; detaches. The
the plasma membrane’s
membrane by permeability to
hydrolyzing » Nat Na+ decreases,
cGMP to GMP. and the rod
hyperpolarizes.
Figure 49.21
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 In the light, rods and cones hyperpolarize
— Shutting off their release of glutamate
* The bipolar cells

— Are then either depolarized or hyperpolarized

p Light Response:
odopsin inactive | —
aaaaaaaaaaaa pen — ~ === Na* channels closed
Rod depolarized — — perp
s o glut
d lease:
Bipolar cell either g == Bipolar cell either
depolarizedor o L0 ST T
rrrrrrrrrrrrrrrr
hyperpo_l ! depolarized, depending on
dependin g on ’
F_ lutamate receptor.
|
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 Three other types of neurons contribute to
Information processing in the retina

— Ganglion cells, horizontal cells, anc"
amacrine cells

Figure 49.23
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» Signals from rods and cones

— Travel from bipolar cells to
ganglion cells

- The axons of ganglion cells are
part of the optic nerve

— That transmit information to ™
the brain |

Figure 49.24

visual
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* Exploring the structure of the human ear

G Overview of ear structure

9 The middle ear and inner ear

Incus

Skull Semicircular
bones canals
Middle
Outer ear ear Inner ear
Malleus
' \I§ Auditory nerve,
| 1. i _J - ‘ to brain
. PO 7\
| ‘\ Y\ R
PiNNG  — " ”?)", )
5 | N
1 —
Tympanic 5
membrane 1 b ‘Vf
Eustachi ~ Cochlea
. ustachian
Auditory tube
canal
. _ e e ISt AChIAN
. ; ympanic ;
Hair cells Tectorial membrane window tube
membrane Round
window
Cochlear duct
Bone
Vestibular canal
Auditory nerve
Basilar Axons of To auditory :
membrane sensory neurons nerve Tympanic canal

o The organ of Corti

Figure 49.8

Organ of Corti
e The cochlea
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 These vibrations create pressure waves in the fluid in the
cochlea

— That travel through the vestibular canal and ultimately strike
the round window

()
%..g

Rou Tympan
wmdow canal Basilar

Figure 49.9
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. The cochlea can distinguish pitch

— Because the basilar membrane is not uniform along its length

Cochlea
(uncoiled)
Apex
/ (wide and flexible)
Basilar
membrane

(low pitch)

Frequency producing maximum
~vibration e

Base
(narrow and stiff)

Figure 49.10 |
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 The utricle, saccule, and semicircular canals in the inner
ear

— Function in balance and equilibrium

2 . : Each canal has at its base a
The semicircular canals, arranged in three spatial swelling called an ampulla, containing a When the head changes its rate
planes, detect angular movements of the head. cluster of hair cells. of rotation, inertia prevents endolymph in the
semicircular canals from moving with the head,
so the endolymph presses against the cupula,
bending the hairs.

Flow
of endolymph
Flow
of endolymph =

Vestibular nerve - r

S T

|
Vestibule i

Nerve
fibers o
Utricle Body movement
Saccule
Figure 49.11 The utricle and saccule tell the brain which way is u . . TR
g and inform it of the body’s position or linear e he paiianite hanclls iljcuria g Bending of the hairs increases the frequency
gelatinous cap called the cupula. of action potentials in sensory neurons in

direct proportion to the amount of rotational

acceleration.
acceleration.
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When odorant molecules bind to specific receptors

— A signal transduction pathway is triggered, sending
action potentials to the brain

)
\¥
h .

= Qlfactory bulb

4 » : 5 ¢ . [ — Bone
V| N Epithelial cell
4 % Al e
ap fa / "\
WAL/ £
8 9 ;

o
o
° o ©
o
o/ e
f//
Odorant -
receptors == Chemoreceptor
2
Plasma 1 '
membrane & Cilia
@ @
° [+

- . ° ° o
Figure 49.15 Odorant =———% ois . e : = ® Mucus
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« Transduction In

taste receptors

Taste pore Sugar molecule
severa
Sensory
receptor
cells

mechanisms 4 \

Tongue
neuron

O A sugar molecule binds
to a receptor protein on

Sugar the sensory receptor cell.
Sugar G prolem Adenylyl cyclase
receptor Wiy = L .
@ Binding initiates a signal transduction pathway
., involving cyclic AMP and protein kinase A.
“ATP
CAMP
Protein X e %
Kkinase A @ Activated protein kinase A closes K* channels in
the membrane.

SENSORY % \
V @ The decrease in the membrane’s permeability to
R |

RECEPTOR
CES Synaptic K* depolarizes the membrane.
vesicle s
s ’
o o — Ca2+
o -— ‘_@_ R Ca

N

¥ # = © Depolarization opens voltage-gated calcium ion
' (Ca?*) channels, and Ca?* diffuses into the receptor
Neurotransmitter cell.
@ The increased Ca2* concentration causes
P~ Sensory neuron

synaptic vesicles to release neurotransmitter.

Figure 49.14
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* The lateral line system contains mechanoreceptors

— With hair cells that respond to water movement

Lateral
line

Opening of lateral

Lateral line canal

Scale lin e canal
MNe romast

raln

Segmental muscles of body wall

Supporting cell Hair cell

Figure 49.12 Nerve fiber
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« Compound eyes are found in insects and crustaceans

— And consist of up to several thousand light detectors
called ommatidia

(a) The faceted eyes on the
head of a fly,
photographed with
a stereomicroscope.

TE
| €
I\

(b) The cornea and crystalline cone of Cornea
each ommatidium function as : I
a lens that focuses light on the - )
rhabdom, a stack of pigmented s r——
plates inside a circle of = Crystalline Lens
photoreceptors. The rhabdom cone

traps light and guides it to
photoreceptors. The image

formed by a compound eye is a
mosaic of dots produced by different
intensities of light entering the

many ommatidia from different angles.

= Rhabdom

= Photoreceptor

Figure 49.17a-b

Ommatidium
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Many mammals appear to use the Earth’s
magnetic field lines

To orient themselves as they migrate

jure 49.5b
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* One of the simplest is the eye cup of planarians

— Which provides information about light intensity and
direction but does not form images

Light shining from
the front is detected

—

Nerve to
brain

Screening
pigment

Light shining from
behind is blocked
by the screening pigment

Figure 49.16
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