BcTyn
TUnu cMHanciB

OCHOBHUM NMPpUHLUMN nepepavi
36ymKeHHSs Yyepes esIeKTPUYHUMN CUHAnNC
OCHOBHUM npuHUMN nepepaui

36ymKeHHs yepe3 XiMiYHMN CUHaNC
BnlacTuBOCTI CUHAnNCIB

NMpuHUMNK IHTerpaulii CUHANTUYHOI
nepepaul

BUCHOBKM



BcTyn

e in 1897 Charles Sherrington, synapses
e In 1921 Otto Loewi
e In 1951 John Eccles

e In 1959 Edwin Furshpan & David Potter
electrical synapses

e In 1970 Bernard Katz



Tnu cndancie

3a cnocoboM nepenavi 36yaKeHHs

3a MopdoNoriYHNMM NPUHLINMOM:

e AKCO-COMaTUYHI

e AKCO-aKCOHasbHi

e AKCO-AeHAPUTHI

3a izionoriyHnm edekTom
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e OCHOBHUU NPUHIMI Nepeaadi 30yIKeHHd yepe3
CJICKTPUYHUU CHHAIIC
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XIMIYHI CUHAMNCKu

e CMHanTU4Ha winnHa 20-50 HM
e HagaBHICTb MealaTopiB

e [IpecMHanTM4YHa MeMbpaHa

e [locTcuHanTU4YHa MeMbpaHa

e AKTMBHA 30Ha
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Figure 5.3

Chemical synapses, as seen with the electron microscope. (a) Fast excitatory synapse in the CNS.
(Source: Adapted from Heuser and Reese, 1977, p. 262.) (b) A synapse in the PNS, with numerous
dense-core vesicles. (Source: Adapted from Heuser and Reese, 1977, p. 278.)
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Tunn cMHanNCciB B LIEHTPasbHIN
HEpPBOBIN CUCTEMI

e AKCoaeHAPUTHI
e AKCOCOMATUYHI
e AKCOQKCOHaAbHI

e [leHapoaeHAPUTHI



Figwe 5.4 10

Synaptic arrangements in the CNS, (a) Axodendritic synapse. (b) Axosomatic synapse. (c) Axoaxonic synapse.
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Figure 5.5
Various sizes of CNS synapses. Notice that larger synapses have more active zones.
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Tunn cnHancie B LIHC

e Tn 1. nNOCTCMHANTM4YHa 4acCTUHa
cMHanca € 6inbwo Yy  aaMeTpi,
aCMMETPUYHNN CUHANC, 36yamBun

e Tn 2: oAHakoBa TOBLWMHA Mpe- Ta
MOCTCUMHANTUYHOI YAaCTUHU  CUHAMCQ,
CUMETPUYHUN CUHAMC, IHTGITOPHUU



Tun 1 — 36ynnuBuii Tun 2 — ranemiBHUN

‘membrane <

differentiations membrane
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Henpo-M'a30Bi cMHancu

 [IpecunanTuuHa MmeMOpaHa
o CuHanTUYHa NiJInHa

 KiHIIeBa MIacTUHKA (IIOCTCHUHAIITHYHA
MeMOpaHa), sIKa HAJICKUTh M SI30BOMY
BOJIOKHY.

* Memarop — aleTHIXOJIH
* [Iepenaua 30ymKEHHS - OTHOO1YHA
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[IpyHUMNKN nepeaaul
30yXKEHHS Yyepe3 XiMIYHUU
CMHanNC

e HasBHICTb HEMPOTpPAHCMITTEPIB

e 1, aMiHOKMCNOTU 2. aMiHM 3. NenTuaun
MOHOAaMiHU (aapeHaniH, HopaapeHaniH, aueTUNXoNiH Ta iH.);
amiHokmncnoTbl (ramma—amiHomacnaHa kucnota (FTAMK), raytamMar, riiumvH,

TaypWH);
nenTuabl (3HAOPDIH, HEMPOTEH3UH, 60MBE3UWH, aHKedaniH Ta iH.);

iHWi meaiaTopn (NO , ATD).
e LlIBUAKI HEMPOTPAHCMITTEPW:
- TNyTaMIT, riunH, auetunxoniH, GABA



Figure 5.8

Representative neurotransmitters, (a) The amino acid neurotransmitters glutamate,
GABA, and glycine. (b) The amine neurotransmitters acetylcholine and norepinephrine.
(c) The peptide neurotransmitter substance P. (For the abbreviations and chemical
structures of amino acids in substance P, see Figure 3.4b.)
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YTBOpeHHS Ta 36epiraHHA
HEUPOTPAHCMITTEPIB

e HasgBHICTb cneundivyHUX pepMeHTIB, WO
3abe3nevyloTb CUMHTE3  HEUpPOTpaHC-
MITTEpPIB

e TpaHCnopTepu




Figure 5.9

The synthesis and storage of different types of neurotransmitter. (a) Peptides: i A precursor peptide is synthesized in the rough ER.
2. The precursor peptide is cleaved in the Golgi apparatus to yield the active neurotransmitter. ' Secretory vesicles containing the
peptide bud off from the Golgi apparatus. 4 The secretory granules are transported down the axon to the terminal where the peptide
is stored. (b) Amine and amino acid neurotransmitters: I Enzymes convert precursor molecules into neurotransmitter molecules in
the cytosol. 2 Transporter proteins load the neurotransmitter into synaptic vesicles in the terminal, where they are stored.
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20
BuBINTbHEHHS

HENPOTPAHCMITTEPIB

e [loTeHUIan0-3aneXHI IOHHI KaHau
e EK30UNTO3

e YTBOPEHHA JNOKaJIbHUX “MIKpOAOMEHIB"
HABKOJ/I0 aKTUBHUX 30H 3@ HAABHOCTI He
MeHwe 0.1MM KanbLuito

o JIOKIHI edpeKT
e eHAOLUUTO3




Figure 5.10
The release of neurotransmitter by exocytosis. A synaptic vesicle loaded with neurotransmitter, in response to an influx

of Ca2+ through voltage-gated calcium channels, 1 releases its contents into the synaptic cleft by the fusion of the vesicle
membrane with the presynaptic membrane, and 2 is eventually recycled by the process of endocytosis.

Synaptic (@)
vesicle

Neurotransmitter
molecules

© 2001 Lepincott Wilkams & Wikins



Box 5.3 Figure A v-SNAREs  t-SNAREs

Cellular SNAREpins
(Source: Adapted from Weber et al., 1998, Fig. 5.)
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Figure 5.11

A “receptor's eye” view of neurotransmitter release, (a) Extracellular surface of the active zone at the
frog neuromuscular junction. The particles are believed to be calcium channels. (b) The presynaptic
terminal has been stimulated to release neurotransmitter. The exocytotic fusion pores are where

synaptic vesicles have fused with the presynaptic membrane and released their contents.

(Source: Heuser and Reese, 1973.)
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BuBuIibHEeHHS
HEHPOTPAHCMITTEPIB

e 3B'43yBaHHS BWBIJIbHAEMOro nyny i3
LIUTOCKENETOM

e CeKpeTopHi rpaHynu, LO 3HaXoAATbCS
Nno3a MeXXaMu AKTUBHUX 30H
BUBIIbHAIOTBCA TINIbKM MNpU TPUBAJIOMYy
NiABULLEHHI KanbLito



PeuenTtopu Ao
HENPOTPAHCMITTEPIB Ta
edekTopu

e TpaHCMITTEP-YYT/IMBI IOHHI KaHa/u



Figure 5.12

The structure of a transmitter-gated ion channel. (a) Side view of an ACh-gated ion channel as it is
believed to appear. (b) Top view of the channel showing the pore. Broken lines indicate the
approximate borders between the five subunits. (Source: Adapted from Unwin, 1993.)
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Figure 5.13
The generation of an EPSP. (a) An impulse arriving in the presynaptic terminal causes the release of neurotransmitter.

(b) The molecules bind to transmitter-gated ion channels in the postsynaptic membrane. If Nat enters the postsynaptic
cell through the open channels, the membrane will become depolarized. (c) The resulting change in membrane potential
(Vm), as recorded by a microelectrode in the cell, is the EPSP.
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Figure 5.14

The generation of an IPSP. (a) An impulse arriving in the presynaptic terminal causes the release of neurotransmitter. 3 O
(b) The molecules bind to transmitter-gated ion channels in the postsynaptic membrane. If CI” enters the postsynaptic

cell through the open channels, the membrane will become hyperpolarized. (¢) The resulting change in membrane potential

(Vm), as recorded by a microelectrode in the cell, is the IPSP.
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YiarajpbHIOI04YAa cxeMa nepeaavi 30yaKeHHsI
yepe3 XIMIYHMI CHHAIIC
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TepMiHYBaHHSA Ail
HEUPOTPAHCMITTEPIB

e [Indpy3is
e PepmeHTaTMBHE PO3LLEN/IeHHS
CUHAMTUYHIN LLLISINHI

auetunxoniHecrepasa (AChE)
o [leceHCUTU3aAUIA

Y
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[TPMHUMNN CUHANTUYHOI

IHTerpauji

e Cymauisa 36yamBux MOCTCUHAMNTUYHUX
noTeHuianis



Cymauis 36yanmneumx
NMOCTCUHANTUYHKUX NMOTEHUIaNIB

e [IpoCcTOpPOBa CyMallid
e HacoBa cymauid B Mexax 1-15 mc



Figure 517
EPSP summation. (a) A presynaptic action potential triggers a small EPSP in a postsynaptic neuron. (b) Spatial summation of EPSPs: When

two or more presynaptic inputs are active at the same time, their individual EPSPs add together. (¢) Temporal summation of EPSPs: When the
same presynaptic fiber fires action potentials in quick succession, the individual EPSPs add together.
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BJ1acTMBOCTI €JICKTPUYHHMX TA
XiMIYHMX CHHAICIB

BnacTtuBictb

ANEeKTPUYHI CUHancu

XimMmiyHi cuHancu

[MpoBeneHHs 30ymKEHHS [1800Oi4He OagHobivyHe
Btoma Hu3bka Bucoka
NabinbHicTb Bucoka Hu3bka
CuHanTun4Ha 3aTpuMKa KopoTka [loBra

TpaHcdopmauisa putmy ML

He BiabyBa€eTbCH

BinbyBaeTbcs

YyTnueictb oo aii

EnexkTpomarHiTHuX
BUNPOMIHIOBaHb

XiMIYHUX areHTIiB




Box 5.5 Figure A
Black widow spiders,
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