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Figure 11- 28 A typical wvertebrate
meuren. The arrows indicate the direction
in which signals are conveyed, The single
awon conducts signals away from the cell
bady, while the multipke dendrites (and
the coll bady) recelve signals fram £l
awons of ather neurcns. The mepee
terminals end on the dendrites or cell
body of ather neurans ar an ether call
Eypeies, Such as musche or gland calls



Figure 11-29 An actign potential, <0 GAL:
| A Aun acteoen pote ritiad o5 oiggered by a
bnef pudse of current. which (3) partially
depolanges the mermbrane. a5 shown in the
kot of reerriberane potential versus time
The greens doree shows how the membrane
potentas] would have smply relaxed back
to thee revisng walue after the mitial
depolanzeng ssamulus if there had baen mo
voitage gated Na™ charngds in the
miembrane: thes relatively siow return of the
mMembdane potential to s nitial valee of
-0 i = e abrenice of open Na*®
Chamreds oot becauss of the =flux of K+

B ’ 1 depolanzatnon and dnve the membrane
¥ !. !l u “ bk towwand the K equilirium potential
"55 L1 Thie red curwe shiows the course af the
E‘g dosed  open  inectivated el BCTRDN paOenlaal thal i cauted by the
g . 2 nfefure and subeguent inactrvation of
i (i1 o viollage-gated ha™ charnets, whose state is

shoen m (0L The membrane cannod fine a
mpcTInG ACtan potentia until the Ma*
Chamnets hanee returned o Hhe cloded
porformatsan: watil then, the membrane is
refraciony to stamulation.
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Fegure 1 1- 30 The propagation of an
action potential slong an axon. [A) The
muuﬂ.ﬂ be recoaded foim &
set of sntracedlar electrodes placed at
nterval along the ason. [B] The changes
i thee N ™ channels and the current fliows
Foronge armoses) that give rise o the
traveling deturbance of the membrane
potential The region of the ason with a
depianized membrans 5 shaded in bive.
Mote that an aCton potental can only
traved ey fromn the site of
depolanyation, because Ma*-channed
Friwn: spregoieng backward.
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Figrure 11-32 Myalination, (4] A myelinated axon from a peripheral nerve. Each Schevann cell wraps its
plasrna membrane concentncally arpund the aon fo form a segment of mrgelin sheath about 1 mm keng
For clarity, the membrans layers of the myelin in this drwing are shown less comgacted than they are in
reality (see part B). (B) Anelectran micmograph of a section fram a nerve in the leg of 3 young rat. Two
Schwanin cells can be ssenc one near the bomom is just beginning 1o meelinate s aon; the one above i
has farmed an almest mature myelin sheath. 12 Fluorescence micragraph and diagram of individual
myelinated axans teased apa in a nerve, Three differant profeins ase detected by sLaining with antibodies.
Woltage-gated Ma* channels (stairad in greéan) are concenirated in ihe axonal membrane at the nodes of
Raneber, An extracelular pratein jcalled Caspr, stained in red) marks the end of each mpelin sheath. Caspr
assembles at the junclions where the glial cell plasma membrane tightly abuts the axan to provide the
elactrical seal Voltage-gated K* charmnesls [stained in bue localize to regions in the axen plasma membrane
that are close 10 the nodes, (B, fram Cedric & Raine, i Myelin [P Moredl, ed.], New York: Plenum, 1976;

C, from MM, Rasband and P, Shragaer, £ Physid, 535:53-73, 2000, With permission from Blackwell
Publishirg.}
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Figure 11-15 The technique of patch-
thamp recordeng. Because of the
exbieeely tghl seal between the
micropapetie and the memibrane, currert
can enber or leawe the micropepetie only

by passing thwough the channels m the
paich of membrane cosenng s Tip The

term ciomp 5 used Dacause an eleotnoni
dervice o emplowed 10 mainian, ol
tlamp” the membrane potential a7 a s
valluse while recording the sonic ournen
throsigh individusd channsls, The cunent
through these channels can be recorded
with the patch s1ill atmached 10 the rest of
Chea ¢l @< in (A, or detached, as m (B
The advamtage of the detached paich =
that it is ssay to alter the composition o
the solution on either side of the
membrans 1o test the effect of vanous
wilutes on channedl behavior, A& detarhed
patch can ako be produced with the
nppasite orentagion, so that the
cytoplasmaer surtace of The membrane
faces the inssde of the pipete.



Figuare 11-34 Patch-clmg measurements 1od » tingle voltage-gated Na*
charned. & trey patch of plasma meembe e wars detached bor an
embrygre; rat manche oell a3 i Faguee 11 - 330 (A The membrane was
depolarized by an abrupt shift of potentsal () Theee cusrent recards from
thews sufsd sy peviodmad on the e patch of membrane. Each major
cusment vhep in (B repeetants the openeng and closng of 2 wngle channel.
A commparmon of the Thoes rcosdh. ihows that. wheeear the duraticns aof
channel openang and ciosing vady greatly. the rate 31 whach curent flcws
theousgh an open channed & practically contant. The mincr Buctuations in
thee Curmend recoeds. armer Lrgely brom slectresl noee o the reconding
AP atur. Cuarent v Mabdiused in padoarmpedey (A By cornention, the
eherincl potential on the outside of the cell n defmed 9 rera. (] The 1um
ol B querenty, mstdriuned an 1448 sepetimond of the L expediment. This
Breate Culent f oquivabent 10 the wiusl Ma© curren: that would be
cbrerved Rowesg through s relatresly Wege regeon of membrine
contaneng 144 channels, A comgarisan of {B) and {C} revests that the time
course of the aggregate current reflects the probability that any ndividual
chanmed will be in the apen state; this probability decreases with time as
the chamneds in the depolanzed membrane adopt thelr inactivated
confpermation. (Data from § Patlak and R, Horn, 2 Gen. Physial 79:313-351,
1982 With permission from The Rockedeller Universidy Press.|
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by of apon termirmals. Fagrare 11-37 Theee conformations of
Srhveanr cell 0 the acetylcholine receptor. The binding
of tweo scetylcholine molecules opens
Fogure 11-36 A Im-m“nlﬂullnn this trammitter-gated ion channel, it
scanning elactron microgragh of a Weon malninins & kiph potatity o
b open untd the acetylcholing has
neuramusculan junetlon in a frog. The baen hydrolyzed In the persistent
rermination of a single axon on & skeletal presence of acetylcholine, howewer, the
riscle cell is shawr. {Froem ). Desaks and ﬂﬂﬂﬂﬂgmm'm'ﬁ
iy, (he ace e 15 rap
't.UEhﬂra..Ll"fltuqu'!n'. 1T =110, 18981, snrieahmeet s the chamsl closss wilhih
With permcsion from Klueser Academic shenst § millisscond, wel betone
Fublishers.} e ant deveniltiANOn S

Deidripation would acour after sbou
0 rrllsec onads an ERe CONEItaed
peetend e of acerylchaline.
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Frgure 11-36 A el for the ttnuture
ol the scetyl holine receptor. & Foe
homalogous subunets o o, i 1 &
Comdrre Lis lem & Dransamermibed e
afquédus pore. The pore o lmed by a g
of Tree transmembersne ¢ edCes o
contributed by each suburst In s Ciosed
conformateon, the pose & thosaght 1o e
occluded by the Fyhopihobe: sl (haeh
of free kpucines, o froem 2ach o el
wihach form a gate mege the rraddie of the

lipsd bilayer The negatively charged sde
chains al either end of the pore sraure

hat only positively chanped oo pass
thirdugh the channed {B] Both of the

i subunits contnibate ho an
sretyscholne-bindmg woe e-criog
between adpoinng subumims. whn
acetyicholne ings 1o both sines, the
channel undengoes @ conipamataonal
chamge that opees the gate. possilbiby by
molaTing The Meles (onlanng the
OO0k Qi lesuCines b M outwand. In
The st Tural deamvrsg dnghil, the parts of
he channel thal mowe in response o
AChE binding to open the pore 2w
cobored in bive. (Adspted from M Uneeen,
Cell T2[Suppl ]: 31 =41, 7951 With
permiszon from e )
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The process is initlated when the nerve impulse reaches the nerve terminal
and depolarizes the plasma membrane of the terminal. The depolarization
transiently opens voltage-gated Ca®* channels in this membrane. As the
Ca' concentration outside cells is more than 1000 times greater than the
free Ca® concentration inside, Ca®* flows into the nerve terminal. The
increase in Ca?* concentration in the cytosal of the nerve terminal wriggers
the local release of acervicholine into the synapiic cleft.,
The released acetylcholing binds to acetylcholine recepiors In the musche
cell plasma membrane, transiently opening the eation channels associated
with them. The resulting influx of Na* causes a local membrane depolar-
Lzation.
The local depolarization of the muscle cell plasma membrane apens volt-
ge-gated Na' channels in this membrane, allowing more Na* 1o enter,
which further depolarizes the membrane. This, in turn, opéns neighhoring
voltage-gated Na® channels and results in a self- propagating depolariza-
tion {an acthon potential} that spreads o involve the entire plasma mem-
brane [see Figure 11-30).

The generalized depolarization of the muscle cell plasma membrane actf-
vates voltage-gated Ca** channels in specialized regions (the transverse [T)
ubwles—discussed in Chapter 16) of this membrane.

This. in . causes Ca™*-gated Cor'* release channels in an adjacent region
of the sarcoplasmic reticulum (5} membrane o open wansiently and
release the Ca'* stored in the SR into the cytosol. The T-rubule and SR mem-
branes are closely appaosed with the two types of channels joined together in
a specialized structure (see Figure 16-77). It is the sudden increase in the
cytosolic Ca™ concentration that causes the myofibrils in the muscle cell 1o
COnTract.
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Flgure 11-41 The magnitide of the combined pastsynaptic patential {PSP) ks reflected in the frequency of firing of
action potentials, When successhve action potentlals arrlve at the same synapgse, each PSP produced adds to thw preceding
oné to produce & keger combined PSP A comparison af (&) and (8} shows how the firing fresquency of an axon increases

with @ Increaie In the cambired PSP whilé (0] summarizes the genensl relstianihip



