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KntouyeBblie aTanbl BbIbpoca HempomeagmnaTopa

[poLlecc cMHTe3a HerpomeamaTopa

TpaHCcNopT HerMpomegmaTopa No MMKPOTpybouam
YTo NnpeacrtasnaeT cobomn BeanKyna?

3arpy3Ka HempomegmaTopa B BE3UKY/bl

MoneKkynapHaa opraHM3aLma OCHOBHbIX 6enKos,
obecneynBatoWMX CAUAHUE BE3UKY C

CMHANTUYECKON membpaHou:
* SNARE KomneKc

e CMHanNnToTarMumH

HelponaTtonormuu, cBA3aHHble C HapyLLeHuem
Bbibpoca HeMpomeanaTopos
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CnHanTn4yecKasa wenb




YTo coboun npeacraBnaeT Beankyna?




oKko10 50 pa3Hbix benkos

Be3nKyna cogepxur

7 000 monekyn ¢pocponmnmaos

5 700 moneKkyn xonecrepmuHa
70 konun cuHantobpesuHa (v-SNARE)

1-2 V-AT®a3bl, KOTOPaAA NCMNOJIb3YET SHEPTULO
rmaponmnsa AT® ana 3akaykm BoaopoJa BHYTPb

TpaHcnopTepbl HEUPOMEANATOPOB
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CMHANTOTarMmH — CEHCOpP KanbLUuUA
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CuHanToTarMmuH
™ C2A C2B

CuHanToTarmuH SNARE Komnnekc
C2A — KpacHbIU

C2B - cuHUM



Bbibpoc HempomeanaTopa

CuHanToTarmuH SNARE KomnneKc

CuHanTotarmuH/SNARE KomnnekKg



Opranunsauma SNARE 6enkos
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LnKn BE3nKyN HempomeanaTopa
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3.Bbibpoc meamnatopa U3 Be3nKyabl
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BOTYy/IMHOBBLIN TOKCUH - B/1IOKATOP
BbI6pOCa HEMpPOMEANATOPOB
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Kakue 6enKkun pacwennatoT
6O0TYIMHOBbIN TOKCUHDI

Toxin Synaptic Protein Location
Botulinum toxins A & E SNAP-25 Synaptic plasma membrane
Botulinum toxin C1 Syntaxins Synaptic plasma membrane

Botulinum toxin B, D, F & G & ‘ _ _
tetanus toxin CuHanTobpeBuH Synaptic vesicle
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Henponatonormmn, cBA3aHHbIE C
HapyLeHnem BbIbpoca HEMPOMEeANATOPOB

ToHuuyeckuu baedpapocnasm — HEKOHTPOAMPYEMbIE COKPaALLEHUA
BEK rnas.

U,epBMKaIIbHaﬂ ANCTOHUNA — bonesHeHHOE COCTOAHWME, KOTAAd

Mmblilubl WWen HeENpPomn3so/ibHO COKPALWAKOTCA, Bbl3biBaA pPeE3KUNE
ABUKEHUA rON10BblI B CTOPOHbI NJIU Ha3aA.

MbilweyHaAa cNaCTUYHOCTb — M3MeHeHHaA MbllleYyHasd

AeATeNbHOCTb: YacTble Cya0poru, NoBblleHHaA pePpNeKTOPHOCTb
CYXOXKUAUN, TMMNEPTOHMUS.

'MnepakTMBHOCTb MOYEBOro Ny3blpa - LUMPOKO
pacnpocTpaHeHHoe 3aboneBaHune, 16 % HaceneHma CLLA

CnacTUYHOCTb KOHEYHOCTEeN



bone3sH CMHTAKCUHA




CnoBapb

synaptobrevin/VAMP - vesicle membrane
protein, part of SNARE complex

Syntaxin — presynaptic membrane protein, part of
SNARE complex

SNAP-25 - presynaptic membrane protein, part of
SNARE complex

synaptogagmin — receptor of Ca?*

RIMs - Rab3-interacting molecules;

RIM-BPs - RIM-binding proteins;

Rab3 - G protein family: four members, Rab3A, 3B, 3C, 3D

Rab3A - regulates Ca%*-dependent neurotransmitter release



e SNAP25 (o1 aHrn. synaptosomal-associated
protein, 25-kD) — membpaHHbIN BeNoK,
KoMnoHeHT benkoBoro komnaekca SNARE,
OCYLLLECTBAAIOLLEro CTbIKOBKY CMHANTUYECKOM
BE3UMKY/1bl C NPEeCMHaNTUYECKON MeMbpaHoM
HEWPOHA U X CIMAAHWE C NOCNEeAYIOLWNM
BbICBOOOXKAEHMEM HEMPOMEANATOPA.

 BbotynanHosbIN TOKCUH TMNa A, C n E npmBoasaT K S ’; \s‘, _
(I 1\
pacwenneHnto SNAP25, yTo BbI3biBaeT Napasiny. ,,%3 N N
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Ha namaTb:
OCHOBHbIe 3Tanbl Nepeaayn
CMHANTUYEeCKOro CUrHana

e CMHanc — cneumnann3npoBaHHbIM KOHTAKT MeXay
KneTtkamm, obecneymBatoLLmMii nepegavy
HEepPBHOro MMMYy/bca C NPecMHanTU4YecKoro
OKOHYaHMA Ha NOCTCMHANTUYECKYI0O MeMbpaHy

* HepBHbIN MMMNyAbC (NOTEHUMAN AENUCTBUA)
CTUMYZIMPYET BbIOPOC XMMMUYECKOTO BELLLECTBA
(HempomegmnaTopa) B CUHANTUYECKYIO LLEb

e Herpomeamatop nepecekaeT CUHANTUYECKYIO
LLesib U B3aMMOAENCTBYET C PpeLenTopamm Ha
NOCTCMHANTUYECKOU MembpaHe



Ha namaTb

* Be3nKyna coaepKur:
e dochonumnnabl n xonectepuH (= 13 000 monekyn)
e CuHantobpeBuH (=70 Konuin): yneH SNARE KomnneKca
e CuMHanToTarmuH - peuentop Ca?*

e V-AT®a3bl: UICNONbL3YIOT 3HEepPruto rmaponmisa AT® ans
3aKa4yku BoAOpOAa BHYTPb

* TpaHcnopTepbl HENPOMEANATOPOB
* HeponaTtosormu

e SNARE Komnnekc:
e CnHTakcnH/SNAP25/CuHanTobpeBuH






SNAP-25 - synaptosomal-associated protein 25 kDa
e SNAP-25 - synaptosomal-

associated protein 25 kDa

 VAMP/synaptobrevin -
vesicular-associated membrane
protein

Calcium channel

synaptobrevin

A SNAP-25



CnoBapwuK

 SNAP-25 - synaptosomal-associated protein 25
kDa

e VAMP/synaptobrevin - vesicular-associated
membrane protein

* SNARE - Soluble NSF Attachment
Protein)REceptor") cynepcemencrtso ns > 60
6enkoB. Ponb — caMAHUE BE3UKYA C

membpaHomn (n1M30combl, NpecnHanTu4eckas
membpaHa)






Neurotransmitter is sec_g:eféd at the nerve énding through the Ca2+-dependent fusion of
neurotransmittelj,yesi"c’ie with the plasma meémbrane with the neurotransmitter being secreted
(releaséd)pintorthe 'syn@ticgeft to influence theéoostsynaptic cell. This process is termed exocytosis. An
important conceptto*emerge is that the samé‘ mechanisrgls that occur in vesicle fusion with membranes
in the Golgi duringﬂ,’“\/es_i/(':‘le bi(Bynthesis are al_sc_) empl®yed at the nerve ending for neurotransmitter
release. This is trye for vesicle synthesis. Even veryesimple cells like yeast. This conservation of
mechanisms has perrpjtted the use of simple/systems to help understand the molecular mechanisms of
neurotransmitter release.

The first event thag muéPoccur (with the exception of neuropeptide neurotransmitters) is the filling
of vesicles with neuretrans W h specific neurotransmitter uptake (NT Uptake). This uptake will
be covered in subsequentichaptess.that discuss each of the specific neurotransmitters.

Thwmn in reserve until needed for secretion. When needed for secretion, a
translocati s, which is alse'referred to)asmobilization. The vesicles move to a region of plasma
membrane called the active zone. The active zone is the release site and is characterized by the
appearance of dense material adjacent to the plasma membrane. The influx of Ca2+ is believed to
increase translocation by increasing the Ca2+ dependent phosphorylation of a vesicle binding protein
termed synapsin. The theory is that Ca2+ dependent phosphorylation of synapsin frees the vesicles from
binding to actin microfilaments. The vesicles then bind to the active zone of the plasma membrane,
where they are in position to undergo release of their neurotransmitter.

The association of the vesicle with the plasma membrane is termed docking and serves to prime the
vesicle for secretion. The docking is believed to occur through the binding of proteins in the vesicle
membrane to proteins in the plasma membrane. Several of these proteins have been discovered
because they are targets for clostridia bacterial toxins that block synaptic transanimation. Several of
these toxins and the proteins they detect are shown in Table I. The toxins are so toxic that a single
molecule can poison a whole nerve terminal. One of the synaptic vesicle proteins is VAMP, and two of
the synaptic plasmal membrane proteins are syntaxin and SNAP-25.




Toxin Synaptic Protein Location
Botulinum toxins A & E SNAP-25 Synaptic plasma membrane
Botulinum toxin C1 Syntaxins Synaptic plasma membrane
Botulinum toxin B, D, F & G & VAMPS Synaptic vesicle

tetanus toxin




SNAP-25 SNAP-25

A third plasma membrane protein, n-sec-1, is important because its loose association with
the plasma membrane prevents the binding of the neurotransmitter vesicle proteins until
n-sec-1 is displaced (the mechanism of n-sec-1 displacement is currently not understood).
This and subsequent steps in the secretory process are shown in Figure 10.8. The vesicle
and plasma membrane proteins are hypothesized to complex with one another upon the
displacement of n-sec-1 to form a "trimeric complex" (SNAP-25, syntaxin and VAMP). This
three-member complex has been isolated, intact, from the nerve endings of animals. This
association of the proteins initiates fusion. Vesicles at this stage are primed for release.



The final stage of release, also shown in Figure 10.8, is the fission of the membrane at the point
of contact between the vesicle and the plasma membrane. Exocytosis of neurotransmitter into
the synaptic cleft occurs when this fission takes place. This step is Ca2+ stimulated, but the
mechanism of the Ca2+ trigger is unknown. One hypothesis is that a vesicle protein called
synaptotagmin binds Ca2+ to initiate fission. Support for synaptotagmin, as the Ca2+ sensor, is
that it possesses two binding sites for Ca2+. Additional evidence comes from studies of mice in
which synaptotagmin has been knocked out. In these mice fast Ca2+-triggered synaptic vesicle
exocytosis is severely limited. Many aspects of the fusion-fission mechanism remain to be
understood, including: what causes the dissociation of n-sec-1 from the complex, how Ca2+
functions in the release process and how all the proteins that are involved in release become
reassociated with the proper membrane following release as the vesicle membrane is recycled.



Direct Recycling - (Does not involve endosome
or clathrin coat)

3@3UKYN

(c)2000 UTHSCH

Although the source of vesicles for neurotransmitter secretion comes from biosynthesis in the
Golgi apparatus at the cell body, evidence indicates that local re-synthesis of synaptic vesicle is
an important aspect of neurotransmitter secretion. Figures 10.9 and 10.10 provides two
schematic summaries of how vesicles are locally reused. Both utilize the recapture of vesicle
membrane from the nerve ending. In one, vesicles bud off the plasma membrane through the
formation of pits that migrate directly to become a neurotransmitter vesicle as soon as it can be
refilled with neurotransmitter through the neurotransmitter uptake process. This is shown in
Figure 10.9. This mechanism is referred to as the "kiss and run" hypothesis.



Indirect Recycling - (Does involve endosome)

The second mechanism involves the formation of clathrin coated pits to recapture vesicle
membrane, and the vesicles cycle through the endosomal compartment in the nerve ending
before becoming functional synaptic vesicles. The vesicles then bud off the endosome to
form the neurotransmitter vesicle. This is shown in Figure 10.10. It is believed that both
mechanisms can exist in the same nerve ending or only one of the two can be present. Both
are important in that they recover vesicle protein to permit a plentiful supply for synaptic
transmission. This mechanism also prevents the enlargement of the nerve ending that would
occur if vesicle membrane were not recaptured. No matter which mechanism is involved, the
supply and resupply of vesicles can only keep pace with a high rate of synaptic transmission
for a few minutes.



(©)2000 UTHSCH

——.
Dynein

Retrograde transport

Eventually the proteins utilized for synaptic transmission in the nerve ending are targeted and
returned to the cell body of the neuron to be recycled to make new protein and vesicles. The
proteins are returned to the soma through a retrograde axoplasmic transport that is
analogous to anterograde transport but uses a different motor protein, dynein. Transport is
mediated by the interaction of dynein with microtubules and proceeds at a rate somewhat
slower than that of fast anterograde transport (0.2-1 cm per day). In addition to returning
proteins to the soma, retrograde transport serves as a means of communication between the
nerve endings and the cell soma. This is a mechanism to transport signaling molecules to
regulate the development and maintenance of axonal contacts with postsynaptic cells
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summary of retrograde and anterograde axoplasmic transport. It shows the motor proteins,
kinesin and dynein, mediating the movement of vesicles and mitochondria anterogradely
and vesicles retrogradely along microtubules. The animation shows the motor proteins as a
part of the organelle that is transported. The other possible relationship between the motor

protein and microtubules is that the motor proteins are a part of the microtubule and pass
the vesicles along the microtubule.



Question:

Which of the following processes dictate the amount of neurotransmitter released from a

nerve ending on a short-term, minute-to-minute, basis? (NOTE: there is more than one
correct answer.)

A. Neurotransmitter synthesis

B. Vesicle synthesis in the cell soma

C. Vesicle recycling in the nerve ending
D. Axoplasmic transport

E. Calcium availability



CUHTE3 U TPaAaHCNOPT HEMPOMEANaTOPOB
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1.MoTeHuman nencrTemns:
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Ha namaTb

e Kanbumin cBA3bIBAETCA C BE3NKYNAPHbIM Benkom
CunHanTtoTarmmHom (synaptotagmin), KOTopbIn
CTUMY/JIMPYET B3aUMOAENCTBUE TPEX DenKkos
Komnnekca SNARE n B3anmoaencrtesme BesnKybl C
CMHANTUYECKON MeMbpaHOn, YTO NPUBOAUT K €€
Pa3pbIBY 1 BbIBpOCY HEMpPOMeEOMaTopa.
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CMHANCUHbI: JOMEHHaA
OopraHM3aumA




CUHaNCcuMHbI

9% of the total amount of all vesicle proteins
presynaptic proteins

integral for many functional roles, including:
synaptogenesis, synapse function, synapse
maintenance and synaptic plasticity

3 genes:synapsin |, synapsin |l , and synapsin |l

synapsins | and Il —in mature synapses, while
synapsin lll - developing synapses

at least 10 different isoforms of synapsin



Domain A contains a conserved phosphorylation site
for protein kinase A

(PKA) and Ca2+/calmodulin-dependent protein kinasel
(CaM kinase 1)[1].

Domain B functions to link the N-terminus to the large
central C domain (approximately 300 residues)

Functionally, synapsins bind to the lipid surface of
vesicles via the N-terminus, while the variable,
hydrophilic C-terminus often facilitates the
stabilization of synapsin on phospholipid bilayers and
cytoskeletal elements via domain E






Dendrite

Sudhof, T.C., Nature 2008
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Gerber, S.H., et al. 2008. Science 321:1507-1510
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channels



BblbpoC Henpomeaguartopa:
CTporo perynanpyembii Npouecc CIMAHNA BE3UKYA C
npecMHanTMYeCKon membpaHoOMN noa KOHTPO/IeM:

» MoTteHuman-ynpasnaemoix Ca?* KAHANOB, KOTOpbIE
aKTUBUPYIOTCA B OTBET Ha AeNonApmn3aLmio HePBHOrO
OKOHYaHMA, BbI3BaHHYIO HEPBHbIM MMMY/1bCOM
(akTMBaumAa Na* KaHanos)

 CuHanTtoTarmuHa ( synaptotagmin) — ceHcopa Ca?*

e Tpex 6enkos c 06wmm HazsaHnem SNARES:
e cuHantobpeBuH/VAMP (pacnonosxeH B MembpaHe
BE3UKY/bl)

° CMHTAKCUH (syntaxin-1 - 8 npecnHanTnyeckoil
membpaHe)

* SNAP-25 ( B npecuHanTtnuyeckoi membpaHe)



Bbibpoc Henpomeaunartopa:

e Crporo peryampyembin npouecc CAMAHUA
BE3UKY/1bl C NPecMHanTU4eckon membpaHou nop
KOHTPO/IEM:

— noteHyuan-ynpasnsembix Ca’* KaHaN0B, KoTopbie
aKTUBUPYIOTCA B OTBET HA AENOAAPU3aLUIO HEPBHOIO
OKOHYaH1SA, BbI3BaHHYIO HEPBHbIM MMMNY/IbCOM
(akTnBauma Na* KaHanos);

— Tpex 6enkos ¢ o6wmum HazBaHnem SNARES:

e cuHantobpeBuH/VAMP (pacnonoxeH B membpaHe
BE3UKY/bl)

° CMHTAKCKH (syntaxin-1 - B npecuHanTMueckoit membpaHe)

e SNAP-25 ( B npecuHanTuuecko membpaHe)



bonesHun n3-3a HaPYLLIeHMﬁ L
skcnpeccun SNAREs 6enkoB s

 BbonesHb XaHTUHrToHa Huntington disease (HD),
e lWnsodppeHuna Schizophrenia

* bunonspHoe paccTomncTBo (MaHMKaNbHO-
nenpeccmsHbIN Ncnxos3, MAM)

 bonesHb Anburenmepa

e CuHppom geduunuTa BHUMAHUA U
TMMNEePaAKTUBHOCTMU (Attention deficit hyperactive disorders(ADHD))



— Tpex 6enkos c o6wmum HazsaHnem SNARES:

* cuHantobpeBuH/VAMP (pacnonoxeH B
membpaHe Be3nKynbi)

° CMHTAKCUH (syntaxin-1 - B npecuHanTMueckoi
membpaHe)

e SNAP-25 ( B npecuHanTMueckot membpaHe)
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Figure 13-73 The formation of synaptic vesicles. These tiny uniform
vesicles are found only in nerve cells and in some endocrine cells, where
they store and secrete small-molecule neurotransmitters. The import of
neurotransmitter directly into the smali endocytic vesicles that form from
the plasma membrane is mediated by membrane carrier proteins that
function as antiports, being driven by a H* gradient maintained by proton
pumps in the vesicle membrane.,
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Figure 3. Energy Landscape of Fusion and Proposed Role of the SM Protein Munc18-1 in
Promoting Fusion Pore Opening

(A) Schematic diagram of the energy level of a vesicle that is docked, primed, and fused. The
diagram illustrates that partial SNARE complex

assembly during priming is proposed to provide most of the energy required for fusion, such
that Ca2+ triggering only adds a small amount of additional energy to induce fusion pore
opening.

(B) Model of Munc18-1 function in fusion. Prior to priming of docked vesicles, Munc18-1 is
bound to the closed conformation of syntaxin-1; this interaction is primarily regulatory to
maintain a defined rate of entry into the fusion reaction and additionally serves for the mutual
stabilization of Munc18-1 and syntaxin-1 for each other (Gerber et al., 2008; Zhou et al., 2013a).
Partial SNARE complex assembly during priming (middle) is associated with a dramatic

conformational change in syntaxin-1, which has to open, and in Munc18-1, whose binding
changes from that to a closed svntaxin-1 conformation to binding to the onen svntaxin-1



SNARE & SM proteins

Fusion

Super- Pora
[Docking Priming priming Opening

i —> - @
. ®] ) Ta
RIM RIM :  Complexin Syt1 (fast)

Rab3 or Rab27 Munc13 or Syt7 (slow)

Fusion
Pore
_________ Opening

~2 Ca® >
Doc2s andlor
unknown Ca™ sensor

Sudhof, 2013



Vesicular transporters’

Neurotransmitters”

2Svy'napisin I

Presynaptic
membrane

S EEPOPIPLSIRREOIIEER0ONPDIPOUESSCBPPRRNPOEPOEBBERResRNBsIREESR

AV WY

LKA AL L L LE LA AL L L O O A L A L L A R e A O L A X A R A L R AR













A Superpool
.

CDK5/CNB

USV ‘XCAZ

Total svnapsm
releasable pool

(TRP)  sv2 Y dysbindin/snapin

" s 3 presynaptic
inactivit
B / ¢ muting

SV proteins,
VGlut, Ca2.1

oyl new components of CAZ ‘,":‘\:' degradation of CAZ , proteasome






Transmitter Molecule
Acetylcholine

Serotonin
5-Hydroxytryptamine (5-HT)

GABA
Glutamate
Aspartate

Glycine
Histamine

Epinephrine

Norpinephrine

Dopamine

Adenosine

Derived From
Choline

Tryptophan

Glutamate

Histidine

Tyrosine

Tyrosine

Tyrosine

ATP

Site of Synthesis
CNS, parasympathetic nerves

CNS, chromaffin cells of the gut, enteric cells

CNS
CNS
CNS
spinal cord
hypothalamus

adrenal medulla, some CNS cells

CNS, sympathetic nerves

CNS

CNS, periperal nerves



Neurotrans. | Typesof | Modeof action | Resultin Target
receptors postsynaptic
cell
Acetylcholine Nicotinic Opension channels EPSP CNS neurons; skeletal muscle
Muscarinic
Serotonin Two main G-protein coupled Depends on Platelet aggregation, smooth muscle
classes, receptors; bothAC receptor type contraction, satiety, vomiting
multiple and IP3/DAG
subclasses
GABA GABA-A Receptor Cl- channel Throughout CNS and in retina
GABA-B G-linked K+ channel | IPSPin all cases
Norepinephrine | o Receptor G-protein linked to PSP Relaxes smooth muscles of gut,
CAMP bronchial tree, and vesselsto skel.
muscle
B receptor G-protein linked to EPSP Increases rate and strength of cardiac
cAMP contraction; excites smooth muscle in
vessels
Dopamine D1, D2, D3, | G-proteinlinked to EPSP and IPSP D1-3 are located in the striatum of the
D4,and D5 | cCAMP, direct channel CNS, and the basal ganglia

opening, CAMPto K
+ channel opening

D3-5 play arolein mood, psychosis
and neuroprotection
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@ (viii)
Dense
+ projection
Ca,2.1 Presynaptic cell membrane
Synaptic cleft

Scheme of the ultra-structural organization and the localization of some proteins at the
active zone of conventional brain synapses. (i) Immunogold localization of epitopes against
Piccolo/Aczonin (Pclo) N-terminal portion (six epitopes), (ii) C-terminal portion of Pclo (five
epitopes), (iii) Bassoon (Bsn) C-terminal portion, (iv) Munc13 N-terminus, (v) RIM N-terminus,
(vi) P/Q-type calcium channel CaV2.1, (vii) Bsn N-terminal portion and (viii) CAST/ ELKS?2.
Note: epitopes (vi)—(viii) and some of (i) and (ii) have only been mapped for their distance
from the presynaptic cell membrane and not relative to the dense projections. Epitopes (i)—
(vi) were taken from Ref. [17__] and (vii), (viii) from Ref. [21]. Epitope mapping with
superresolution light microscopy favorably supports the data for RIM, Bsn and Pclo [20_].
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(a)

CAST/ELKS,

l Bassoon, Piccolo,
Munci13, liprin-o ‘

ACTIVITY
SILENCING

RIM, Ca,2.1 ‘

Activity silencing-induced remod urons. (a)
Chronic silencing of synaptic activi ‘ number of
docked vesicles, which is function Z - L A 3sable
vesicles and higher synaptic release probability (Pr)df&8]. This structuralmediinetional
remodeling is associated with the reduction of most CAZ proteins in synapses, the
redistribution of RIM to the most active synapses and an allover increase of synaptic P/Q-type
CaV2.1 channels. (b) Examples of immunostaining showing depletion of Bassoon and
redistribution of RIM at synapses of proximal dendrites of rat cortical neurons (visualized by
anti-MAP?2 staining) upon 48-h pharmacological inhibition of glutamate receptors using D-AP5
and CNQX (for details see [60_]). Scale bar, 5 mm.



5. Neurotransmitter
receptor sites on the
postsynaptic membrane
are ion channels.

They open when the
neurotransmitter binds

6. Localised
depolarisation as
ions leak in or out of
membrane.
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Source: Katzung BG, Masters SB, Trevor AJ: 8asic & Clinica! Pharmacaology,
11th Edition: http://www, accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc, All rights reserved,
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the movement of the secretory vesicles through the rough and the smooth ER. The smooth ER
extends from the RER and serves as a site for lipid biosynthesis for the production of
endosomes, lysosomes and plasma membrane as well as for the neurotransmitter vesicles.
New membrane protein that begins its synthesis in the RER continues in the SER where pieces

of the SER bud off to form transport vesicles that shuttle to the Golgi apparatus with their
contents.
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Figure 8.4 (See enlarged view)
Diagrammatic representation of the initial segment of a
neuron, emphasizing the areas in which the action
potential is initiated.
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Kinesin Automobile Engine

Size 108 m Im

Fuel ATP Hydrocarbons §

Speed 4 x 103 m/hr 105 m/hr Bn*
4 x 103 lengths/hr 105 lengths/

Work " ~10%
Efficiency —




Relevance to medicine:

Transport defects can cause
disease.

Inhibition or enhancement of
motor protein activity may
have therapeutic benefit.
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Designer signals

e [lpenmyLlecTBo ncnoab3oBaHmA MNpmnpoaon
HenponepeaaTYNKoB B TOM, YTO
obecneymBaeTca BbICOKasa cneuuduUYHoOCTb
pPaboTbl CMHANCOB

e HepomegmaTopbl MOryT KOHTPOMPOBATb
BO3OyXXAeHUue N TOpMOXKeHue

 MHOro nekapcTBeHHbIX NPenapaTos
HEPBHbIN PACCTPOMUCTB AEUCTBYIOT Ha
CMHANTU4YECKne benku
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