








»  Atoms - smallest building blocks of matter.




o Cells = basic units of life and formed by
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~ chemical substances from smaller, simpler
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Nervous System Endocrine System
Anatomic Arrangement A “wired" system: a specific structural ar- A “wireless” system: endocrine glands are widely
rangement exists between neurons and their  dispersed and not structurally related to one an-
target cells, with structural continuity in the other or to their target cells
system
Type of Chemical Messenger  Neurotransmitters released into the synaptic ~ Hormones released into the blood
cleft
Distance of Action of the Short distance (diffuses across the synaptic Long distance (carried by the blood)
Chemical Messenger cleft)
Specificity of Action on the Dependent on the close anatomic relation- Dependent on the specificity of target cell binding
Target Cell ship between neurons and their target cells and responsiveness to a particular hormone
Speed of Response Generally rapid (milliseconds) Generally slow (minutes to hours)
Duration of Action Brief (milliseconds) Long (minutes to days or longer)
Major Functions Coordinates rapid, precise responses Controls activities that require long duration

rather than speed
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(a) Transport

= A protein (left) that spans the membrane
may provide a hydrophilic channel across
the membrane that is selective for a
particular solute.

« Some transport proteins (right) hydrolyze
ATP as an energy source to actively pump
substances across the membrane.

(b) Receptors for signal transduction

« A membrane protein exposed to the
outside of the cell may have a binding site
that fits the shape of a specific chemical
messenger, such as a hormone. S
* When bound, the chemical messenger may
cause a change in shape in the protein that
initiates a chain of chemical reactions in the




extracellular matrix

» Elements of the cytoskeleton (cell's internal -
supports) and the extracellular matrix
(fibers and other substances outside the
cell) may anchor to membrane proteins, o
which helps maintain cell shape and fix the
location of certain membrane proteins.

 Others play a role in cell movement or bind
adjacent cells together.

(d) Enzymatic activity

= A membrane protein may be an enzyme L
with its active site exposed to substances in =
the adjacent solution. L

* Ateam of several enzymes in a membrane
may catalyze sequential steps of a s
metabolic pathway as indicated (left to
right) here.




(e) |lltﬂl'ﬂ_ﬂ'||u|ﬂl' joining

* Membrane proteins of adjacent cells may
be hooked together in various kinds of
intercellular junctions.

« Some membrane proteins (cell adhesion
molecules or CAMs) of this group provide
temporary binding sites that guide cell SRS
migration and other cell-to-cell interactions.

(f) Cell-cell recognition

= Some glycoproteins (proteins bonded to
short chains of sugars) serve as

identification tags that are specifically
recognized by other cells.

Figure il Membrane proteins perform
many tasks. A single protein may performa =
combination of these functions.
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Mormal cell volume
Intracellular fluid: 300 mOsm
nonpenetrating solutes

y :

HzO
200 mOsm 400 mCsm
nonpenetrating solutes nonpenetrating solutes

VoL, & A
Water diffuses into Water diffuses out of
water; no change in cells; cells swell. cells; cells shrink.

cell volume.

{a) Isotonic {b) Hypotonic {c) Hypertonic
conditions conditions conditions
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gradient
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membrane
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Phosphate group is | LR

also released.

_ Carrier protein splits ATP

into ADP plus phosphate.
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its binding site for ion.
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E In response to ion binding,
carrier changes conformation
so0 that binding site is exposed

" | to opposite side of membrane.

The change in shape also
reduces affinity of site for ion.

























- of the sodium gradient to carry out the “uphill”




3. Translocation 4. released

5. Solute released
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Solute molecules and F) Membrane pockets inward, K) Pocket pinches off as
water molecules are outside enclosing solute molecules and endocytic vesicle containing
the plasma membrane. water molecules. sample of ECF.

(a) Pinocytosis




Receptor-Mediated Endocytosis

Target molecules (ligands) bind to
receptors in plasma membrane.

2]

Areas coated with ligands form
deep pockets in plasma membrane
surface.

(3]

Pockets pinch off, forming
endosomes known as coated
vesicles.

4]

Coated vesicles fuse with primary

lysosomes to form secondary
° Fusiop, lysosomes.
Primary Ligands are removed and
lysosome absorbed into the cytoplasm.

6]

The lysosomal and endosomal
membranes separate.

The endosome fuses with the
plasma membrane, and the
receptors are again available for
ligand binding.
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lon Channels in Neurons

 TYPE OF ION CHANNEL

Leak channels

Ligand-gated channels
Mechanically gated channels

Voltage-gated channels

DESCRIPTION

Gated channels that randomly open and close.

Gated channels that open in response to binding
of ligand (chemical) stimulus.

Gated channels that open in response to mechanical
stimulus (such as touch, pressure, vibration, or tissue
stretching).

Gated channels that open in response to voltage stimulus
(change in membrane potential).

LOCATION

Found in nearly all cells, including dendrites, cell
bodies, and axons of all types of neurons,

Dendrites of some sensory neurons such as pain

receptors and dendrites and cell bodies of interneurons
and motor newrons.

Dendrites of some sensory neurons such as touch
receptors, pressure receptors, and some pain receptors,

Axons of all types of neurons.










‘RMP cont’d...

Extracellular fluid E Plasma membrane Cytosol
Extracellul
> Chioride —= g @ @ @ @ e @ =
on : S
ol - S PN ® ® 5 = & @ @
Sodium -
Na'/K* ATPase
K* leak channel Na® leak channel

o e e e S, 00 T feTe T wleets wl. 8009090909090 W Telerles wtew e I U W E F e e R e

i Resting
|  membrane
potential

Phosphate —(—)

ion




Y Membrane less polarized - depolarizing







e pOStsynaptIC










:5:5:5:5:5:5:5zsa:me:5:5i5n5:5:a5:5:g:iv:e:nzzzze:xczi:tazbzlzezzz:ce:Il:;z:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:




(activation gate closed; inactivation gate open)

()
Na* channel closes and is inactivated | = 20ad o - K’ channel opens
(activation gate still open; inactivation ~~_ ol =" (activation gate opens)
pate closes) \\\H e Id ’Tf
+30 reset to closed
L but capable
+4{] - Na+ Channel IPNEQI I'PK. DI' Dmmng K+ Dhal‘lrlEl
+30- opensand l {ckusion s
Is activated ~_ ﬂ o {a?igudamn
20 (activation | . o : inatgtivation gate closes)
gate opens; | @ gate opens) r
s 109 inactivaion | £ 2 —
E o Gatealready SO IS = - O | b ey
:,- ﬂpEn} ey E 0 \h; ekl ‘ ¥
g (e 03 E  heoar il veel LA
P LS N
2 20 i < 2O g [l reO=
g % g dod M hody 3
g e K* voltage-gated channel closed 4 °
E _ (activation gate closed) B
¢ ~40 %
= [
ECF :
@ e ettt alatale Threshold potential
I \\i.‘ T )
| " ' Resting potential
Py [ a'\"..:'\-lx '.
| M Depolarizing
ICF | ® triggering event
Na* voltage-gated channel closed Time (msec)












ASoctiaorm
otential bhbaegirs

SAucticom peeotaemtial
= regaerserated haerse

i

SAocticr peotaential
i= regaereerated here










¥

Action potential Action potential
was here now here




RPN :-Sy3na:p:se:5-'.-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:- ------------------










“One-way” Conduction at Chemical
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