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<Abstract>

Clinical interest has lately been roused by evidence that comprehension of synaptic plasticity may be based
on the theoretical opinion. This paper describes perception of synaptic plasticity. Especially processes of long
term potentiation(LTP) and long term depression(LLTD) are discussed. Recently, it is assessed to genetical
parts from development of molecular biology. Therefore this review also represents aspect of molecular

events of synaptic plasticity.

I. M =2 v I+3d #Folek ¥ 4 3t (Engertsd

Bonhoeffer, 1999: Greengard 5, 1993). o]213} A]

3 77} cheke AR AAS Vehll7] Qe QA W A F3A9 JA|(Woolfs}h Salter, 2000:
2 A AXS 242 288 7)15S SUHow 4+ Pockett, 1995), AZA ZAlo] 9] FEq AsAge] W

Yol FAlY 237, 71%, e A F24 F3d stet olst BHE g, 71 22 HFY A%
71558 8o en o 2o)FTHALA, 2000). ola (Paul, 1993). 417 7}4>4 (neuronal plasticity) ] 41
3 239 7)% 2 QANE 2o|A w3 Az 4 9l ¥3 714 47 (Engert®t Bonhoeffer, 1999) 57 2
2§ 4 g ARNsALe dA) Aol B S A7 BYE A BE 783 o] Qiokx & &
Ale] thtol 13 IeHStenmark, 2000). et

Az A (signal transduction)& A7AA X Alo] oA A= 7R e A2 ojElrls g, 79
dojubn, ARAMEL AsAD 44, F Ag2 A2 e 7%, a2ln 4737243 Be] ok Ay s
ZAshe £33 7149 dHe A73A 715 ola)st 7t el 7128 ol#shr] s Fag Rel A, Al

€ =82 200145 FHEF 21 ARl J3td A1A5% %,
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2 AX F7)(synaptic vesicle cycle) F Al¥Z &%
A4 (recycling of synaptic vesicle) #3 (Cousin¥t
Robinson, 1999) 3, A7 719 73 (long term
potentiation: ©l3 LTP)$ 7] 719 %A (long term
depression: °l8t LTD)&x & 4 vk, 53] LTP<
LTDE A §5z4e 2das AAHAA L in
(Sandkuhler %, 1997).

2z o2 g ARt ol 7Rl He A F
o 3hutel Agao] o@ AzAgd Uit BRI ETH
13 2| A8 HoplMe nulg daloltt aBE
7o Ald ol thgk sjatAd nF, AYA &
i 27], 2832 LTPS LTDA thals zmashe 2 A|
W2 7kl g olal & At it

I.=

i

1. Ald2o| a3t &

Agad A 2o} A EAbole] AANSE ABse 5§
£3589 H9lo]th(Bruce 5. 1994). Aldae A711s
7} Agfo] vt pENHE Bola] XA MEZ A
Agse= A7)1A Al A(electrical synapse)$t, A5l
o) ARALEAL] o] AQNEE FLdhe 39
2 Al A(chemical synapse)2 g F JUth(F3H
= 1994). A9 1AL 150-200AF % 49 &
A 7H4(synaptic cleft)& Atololl Fa AlF2d HE
(presynaptic cell) ¥ AlY2F A E(postsynaptic
cel) 2 HlJAFAET 5, 1997).

2. AlEA X FT|

AN A AF Z7)= synaptic vesicle recyclingol &t
1% 3Rt oA AlgA 7taAY 712F ol
Z9% 98% ¥H(Cousin Robinson, 1999).

A AX F7)e A 186 ZA doluvhe AP e
2, o] AzHE5R)0] Ads AX AN FHA
AHedAtH(Betz9 Bewick, 1993: Ryan 5, 1993).
Sudhof(1995) AP A AX F7|E olg7IA] BAZ
Wrola Awsiged, A Alga A% #4959
(active zone)®l &3 Docking, £# Ca**9] &
$Hmembrane fusion)& FAA|71ed A331A717]
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913t A4 #4449 Priming, AX §5ALEL Ca>* A
£ FF22E &7l 2% Fusion/exocytosis @A
7} 9t} o] YA % 71 7S R, shie 3
A9}t (plasma membrane)d AFA 2X7F $Ad] &
33 T AAADERL WEdthe Ao|L(Heusersh
Reese, 1973), T}& dhte AAALGEA ] &¥9 §
Auto] kA3 Ay Ad WEdtls AoZ, of #
A& 9734 AEF3Htransient vesicle fusion) Ee
kiss and run®i2tx 3ti(Alvarez . 1993 Monck
9} Fernandez, 1994), AXW Ca™9 ¥=7t 3712
A% SAsHA vebdthAls F, 1999). Kiss and run
M= Tl se] §3j AMlF(proteinaceous fusion
pore)o] ARAANGEAL] WES Yo F UEE &AX
o} g} Alole] AT AR gow, Al
2 237} AT AEE(re-released) o] H& AE
@ol ©&AA £ A7) Wi FFA7 U (central
neuron)d 71dez dAXA Atk(Maycox
1992). YA clathrin-coated pitsel 2l W3}
(internalize) Q) Endocytosis, A clathrin-
coated pit& AAT F A} etn Ag 2 £Xe] A4
o] BA=lE Translocation, FAH Z7] A= (early
endosome) ™} 238 Endosome fusion, YFA Al
YA 2%71 A s 349 Budding, 84 ¥4 H
= (proton pump)ll 2aiM WA A7183t AAE
d 9% ¥FFEFd dal o FolAE
Neurotransmitter uptake, oFF# 34t £= AXE7
71914 $-uk(cytoskeleton-based transport) =3l
9]} Translocationojch(2¥ 1).

=

(<30

3. AldA 7k

AP 7243 #Egde Ad2 7% (synaptic
strength)®] #she Alg2ad AEeh FAZAN e}
Wk (Weisskopf 5, 1993). Alg2d A Eel| A Al
2 7tARE AAAGEA ) Wztan 53Rt} o]
AL GEAG o] Yotk B Ca Y Mt B
AAAGEAE z2H3de §F 713 (fusion
mashinery)¥] A& 3ol A =l &
9Ick(Silva 5, 1992). 271 A2 7ha4old F88
d#g #dgste Aol @¥A JlvtebA (protein
kinase) <l 8l (Weisskopf 5, 1993), oi& 7} @92
FIdolA] FAME 53] APFAl(synapsins)ol 2 HIF
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ZEAL,

Budding
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Fusion/
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-
ca®

¥,

?

O 1. AEad

< A3} (Silva &, 1992).

goz AJaF A XM Al Yx stad e
windup, LTP. LTD $2& v 4= %1, windup2
0.5Hz °[%49] #AFe] C-A#(C-fiber) & AFHE o,
%7} 2173 € (dorsal horn neurons) (Mendell, 1996)=}
AZ}(ventral horn)®] Adl &% 41734 (large motor
neurons) (Woolf$} Swett, 1984)ollA 2=l dls) U
ovle A Ut JAH o Frlsle LR,
LTP¢ T2 A2 LTPt HAZ 1A3t o] A&H =
Rl ¥HAM windupL 20-60% E¢t A4£H L oojgt
th. 2882 windups 971 719 Z3l(short term
potentiation) gkt % ¥t} (Pockett, 1995).

1) LTP

LTPE 3jvlllA H&oz d7E7] Alzsigied)
(Malenka$} Nicoll, 1999). ol&l3 LTP= AZt53
(visual cortex)(Artola$}t Singer, 1987), 2253
Z(sensorimotor cortex) (Bindman %, 1988), A4
%3 (prefrontal cortex) (Hirsch®} Crepel, 1990),
2|3 34 (spinal cord)E XFat= FHAZAA 9 &
HEAM = = A (Pockett, 1995).

LTPE AlW29] 439 7 5 &L nilx A5
(100Hz)el 2&fl  &ivlellA dojrtbe APgx A

dB@dctolM ol AlgA 2Z F7]o] 9cttA[(Nature 375, 199501M 2IE)

(synaptic transmission)2] 713t %7} (long-lasting
increase), &, Ag2H A XA ] EPSP(excitatory
postsynaptic potential) &9} ZF7te} AP YAF A
o] F¥A (excitability)d 3712 BARs oAt LTP
7140 #3 AFE A 20odd FeF A HolA 29
A Wslall gt (Pockett, 1995), LTP 713} tidt 7t
F g n 71 4 & Bliss%
Collingridge(1993)9] FH ¢ HHelA 7|3t A4
Helo] A2, Pockett(1995)L o] & (29 2)9} o] =
28 A 7t}

%< @

(1) Alg = Adolix e ZFelvlo] E(Glutamate)

Z T o] A7te] Mo g3 dAFAA FE
43 olulieit AAHLEA (excitatory amino acid
neurotransmitter) £, A'Y2 7t44, &4 (leaning),
a2]x W (development)ol] 583 9&-& g3l
aept, AN FREH O E EF 9] Tl 7o
A % ol A7 =2 (neurotoxic) 2 24314 Hol Al
XAHcell death)E& Z#Y371= FtHMaragakis %
2001).

Alg2A A2 S (Presynaptic nerve terminal) el
g5 AHde] HYstE AAMNZEAQ FFehlo|EL
Feldrh. 2FeHolEx A £/ AgATE 84

Es=
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13 2. Long-term potentiation® 7|H A. Glutamate in synaptic transmission.
LTP(Anesthesia & Analgesia 80(1), 19950{M

(postsynaptic receptor) &} Agsh=d], o A FF<
4~8-3] (receptors)= @-amino-3-hydroxy-5-metyl-4-
isoxazole propionic acid(AMPA) 453, tiAld ¥4
48] (metabotropic receptor), 283 N-metyl-D-
aspartic acid(NMDA) %4 ¢|t}(Greenamyre,
2001). AMPA 8¢t A SFEv°o]EE Na* s
K* °o]&% E#A7]x= EZ(channe) 3 galA @}
Na‘o] &2 A ZE, Kol AZytoR o]FA 7
24 %A A} (positive charge)7t ¥ =2, AaF e
2 AYA AR A4 g8
depolarization) (EPSP)& Y271t} (Pockett, 1995).
WAN A 89 AT SFEYIEE FoheAl
A9l AH(guanosine triphosphate: GTP)S Al Z 2o
J= G- (G-proteins) # AFAH o 2H T d 7]
tolal C(protein kinase C)$} otdld Al &4
(adenyl cyclase)$} Z& o|aA% & (second
messenger enzymes)E A4 3HA12H(Bliss
Collingridge 1993). NMDA &9} Z2¥a 2%
WelE= Na*, K*, Ca* o|&Z 7= B2E ¥
AR T, M i el EAhs Mgt ol 2o oJ&f Atk
Heg, 444 o] o] -2 girh(Bashir &, 1993).

(transient

(2) LTPY &%
7V dutdel LTPY e AAg2e aylE 2}
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B. Induction of

)

Sel 93 fgFze 2AFe] AlYx Fud
(presynaptic terminals) 2 23€ AAAGEAHC =
FEP 0| EXL 71A7) REl5r] ARk, fed S FE
HelEe Alda FAX gl SFE0E £449
AMPA F8AE A7, 22U8 Fole T2
(cation channel)7} Q2B Na‘*s} K*& Zzt A2
3t gfor o FAIZ o aN, AFH o2 APYA FAX
o} EPSPE HAAIZ|HA &E=d9 (Johnston
1992). whepel] @ESol $838] F 7%, A
A9l slavlg 91&4 AE(Mg2*-dependent block)-2
dojz UrlA o2 NMDA 438 B8AE A
Act. SREPo)ES} AT NMDA 83 Na*,
K*, Ca* °]2%Z(ion channel)& 4dA FozH,
Ca®™ o]&°] A& TAZZ fldd). Alg2d A7
ot A o] SFAge] A F7} burst)e FA
FHET ¥ B Fo SFEESE wEdt o ¥
S AMPA 4837} @Aslsn Ao 2 o 2 Al
2% g3 3 (postsynaptic depolarization)ol Qolt}
NMDA &3 #d4 B2 (NMDA receptor-
associated channels)old] Mg*& AAAIZY. Ca*
0] 22 o] §2& F3] o] At (Pockett, 1995). Ca®
T} ojabdy &Aool AT AR AMPA FEAE &
JBA 7| L (Be B SFEPCIES} A9HoEN ¢
& EPSPE #+%4171)(Bashir 5, 1993), 2l &3

=

O,




=2
g A

= Y ol B2 $Al7lm, 484 A
(retorgrade messenger)?l ole}= Ak (arachidonic
acid)® 943} A (nitric oxide: ©3F NO)E #HI&
t} (Bliss® Collingridge, 1993). 934 A&
(retrogrede messenger)¥ & % A ¢ (action
potential)el thal] v} @& FFEjrolES] EHE do
71t}. Postsynaptic calcium surges 3 Alg2 A4
9] Sy FARE A3 AlFlm, FAEZS 4%
& dogith(Pockett £, 1993).

2) LTD

LTDE °[&°lM & & sl&=e] Algx Ade] 243
ol Z+2E F=ain, o] 4 =3 TNE AT 28
veld 4 3tk (Pockett, 1995). 12} LTPeh= 2]
aYIEs} AYE AF 2E7F LTDE 924 5 Ut
(Madison %, 1991). LTD¥ LTP$} nldsix|2 33
AZA(CNS) S d2%9 &, Az5F(Artolast
Singer, 1987), #2&-%%%(Bindman %, 1988), A
A ZF3(Hirsch$} Crepel, 1990) 28|32 {48 X%
st FFAZAA NN FAH AT (Pockett, 1995).
LTDS} LTPe] & zo)dLe LTDE fEdhe Ca* T
7} LTPAM B}t Zthe Zolti(Artola®t Singer,
1993).

oA LTPY o8] +3d 355 284 3
AR B2 279 23t LTDE ©] MHESS 7
ARk, @A dddGolAe] TENS o 5534
7F ol9} FAAQIka Bars s leH(Pockett, 1995).

3) NO

NOx o] 7Fx|9] A X3t A5 Ade] Bojdhs
olch(:AlY, 1997).

NO= 48 A= & UMM E(vascular
endothelium}e] 2 &3t A HFY WX
(vasodilator tone)& Ao 2N d¢E 2= 9
&g shi, FFAAANME 7l FAHE Xiste
7k 7150 EUE AlFete AAAGEEEN A4
ata, TEAAA NN A7 EY WA E£XH
23714, 2E714, a1 vxAgArAY 7 =
A= 982 998t (Moncada®t Higgs, 1993).

o] 3 AAATAMY A4S tAIgh AuEd, A
ZAASNN e AAAGEA, 44248 £ 27 A
FEABEAZ 4ot Aoz g8A U (Bredtst

PN =

3

&
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B3] 344 5NN e 7197 g
AR S 2AANT e 98E 9
5. 2000

Snyder, 1992).
a8 a Al A
(Moncada$} Higgs, 1993: Barcellos
Holscher, 1997).

NOw 94kst AA YA Aa(nitric oxide synthase
: o]3} NOS)ofl 2lajA] ofn]ieAit L-o}27)d (amino
acid L-arginine)°lA 4345 =tl(Moncada®} Higgs
1993, Lehninger 5, 1993), NOSE Ao} o} ¢
4] &2 (constitutive NOS)$} #E=H 4 (inducible
NOS)Z U FoAH, A FAHAELEAE
eNOS(endothelial NOS)$} nNOS(neuronal NOS)
7F SITHERH, 1999).

Aj2d A7dgdA Bulg ZFEH°lEE high
frequency synaptic transmission ejellAl, NMDA
FEAE AFs A2 ZEFEE S/, °
£ FHELE AFEd NOE A4t (Moncadas}
Higgs, 1993). o|3A 44€¥ NO & 45 934 A
Joz zestd AY2A AL R JHAHR
(Christian Holscher, 1997), 224 ZFE¢|E
o] B8] & 253, o)A F7ME SFEMCIEE Al
Ya® FFepolE £44 9 #$EE g% AT &
WA LTPY 83 #&& 938 @t (Moncadast
Higgs, 1993).

(]

.z £

A ae AR TAD] o]FofR e FHELE AW
2 7ML AR Y Fad x|k, 3
Solle A 71ee] 2R ola g AlYL st
#I N2 250l Bl o]Folxx Yt olald A
W2 7haAdd diF ol3lE EUE & 7S EeAsA
Aol ARt wlAle ol diF olde W
=gl g Aoz Algdr

H o
TOE

(13

ok

AEM 5 243 2%, n2AL 211-221, 1994

2AY o HYA Y T35 A A X &) 71HE
a7 7et3)x), 15(2), 1-16, 1997.
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