JgF e 2558 40(2):89-102, 2014 doi:10.11482/KMJ-J40(2) 89 89

<2 ARBRRNgICBIA At by ma—0 D
¥ T A ORI G AT

AR B, TR ESE MEH —f

IS R R A, T701-0192 AR EST7

83 EIKIAEAEBEEED, RO 1 -OVELSERIh, FICIEEREYYES
ELIEPDH->THY, HEBRBOBITICERLEETHS. GUVEHRENET RIS, K
DEFELP SBHOEROEZ2—OYVICLKBIANEZTTHY, CO—2PFEOMZCEEETS
—a—0OY(tOF=Z>zZa2—0OY)TH3. LA Z21—0O2F, REFICHEHBEICHHL
HeBREEDOREZ1T>TH Y, RERICHEVTIIIETMS F7 X&KL, REEHRFEICEH
HhoTWBEEZSNTWVS. LAL, COYFTRICOVWTITRE RS & IS 2 FmE
BENTVAEWY., 220, AR TR O > Z2—OYVICEBR Y F T AOHMEESR, RES
FEBFEEEEFRINETI 771 —AVWTERLE. %7, IBNHES FTRERTIEDL D,
HREEVELELTOITINEZI CBOFREMERETT 5278, 0O =2 & VGLUT3 (vesicular
glutamate transporter 3) IS § 2 $EHARBELBETHNL . O 22 —0O2ICKD
DFTRIT, BELEBHEOSFTANEEF O, REALORE LM/ MNIBFAEL . FIC, BE
HDTIVEIBREBM_ 21— O ICKIEMTML FTREENT, PFTARBEODEEDS
BEHPEET, YFTAEREIEIES, YFTRAOERIEN S -E T, O Z2—0OY
DOFIEHIE VGLUTIRERETH Y, MEI> NI EEFI5F M MIEFH->TWB Il &5,
BROMREEVEEZ SO EPTR I VFTIARREREENETH D TV 2 I CBOR
BMICE->TELS RS, EtOM=>Za—0O2E, TIWEICEBEECEROHBTENEELIFO-
HIZ, TIWVAILEBETEZHBEEEPEEL L TIHO2Z 2 —0O PR T 5 BB BIENHMED F7
ZICHANT, SHBMOH BT S FTRAEHERL TWBEEZ SN B.
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o ENOHEREN, FIEEELRE
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NTWb7-0, MEEKEZENT25H2ET
Ve LTIHEFITHBIZEETH Y. Hu
THH % U 7o RARL, RERDRERIRA~IHER %

o) DRIRZER & ¥ F T A B L TIEHEE
2479 (BWIEHRO AN Bt = 2 — 1 Vi, il
REWPGEAE L TE S IEKRPHRAEHZ
ZET 2 (R EROH))). 2D AT &I, 1§
AR E OB TWERNICHE T B4 v fE
Za—BYIZEo THREI SN TWS DS, Zofl
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WABORRFEIE D S D@ IME= 2 —a U 5B A
NEZTTWBEZELbRroTWAE™, Hib,
HREPSLD I VT FLF) v &R, 7
O — AT ER SO T e FVaY) VEA
FiE, HWB L CIERRRES SO T b=
vEAMR(kR b=y 2 a—ua V)" R EThHh
5. Z09bL, ku b= VIFEITIVROM
BIZEWETHY, Thiafadsbkutb=v
Za—0 EANO LRI R 21T
&I, W) o, Kl EE HAMRSRFAN
ERk % R EEREOREICE D > TV BT, R
i, ko b= voa—arAEL AL Tw
LEBO—2TH ", ko b= AHET
% LR VEBEPMIKT T2 2 L0 0o T b
PPk &S HEERICB I BT RO AR
59, B POYEITBVTD )DL T IV YN
A ==K TIPSR TR b= ViBEOK
TRtOb=ry=a—0rotu b= of5ERE
RO T AR 5B,
BRATZWNHNC tu b=y =a—a i
WERN O =2 — 0 v EMEZ 22— Y OR
TP sEs 2 ERMEShTnE Y,
DR RN O HZ 2 B E, BERICBW Tk
Mo VIREMET 5 &0 = 2 —u s
AR S TREEROEEN TN, F
72, S 2—a Y OEENRI 500l
B2 —m ikl sy, gtz —a
DERENTH T, MBI TL, #EeL
THIDIWRT VI NA T —IROBHITB TR
HEEZRITEZEIONTWVWS, 20X %
o b= Va0 OBREREREIC T 24
AR B O BRIR BE 22 1T HASxHe LT, RS
AN IEMER R BRI CIE R > 7 A 2 TR
FTHIELHMEENTHEY®, Gracia-Llanes FJ
59, kub=rza—ardBET LY S
7" A 1% heterogeneous appearance & 23 5% & s
LTWwa. 2L, ¥YFTADEHMEIZONT
X T ABBR, ¥ F 7 A%IE (postsynaptic
density, PSD), Y F 7 A/NRE, VF T A%
BT 5 FELERITOVT—ED RIEIES
NTVLRVOPBIRTH L. EAIZINET,

Ll b= Y= a1 OBLERAE O FH i
IO W ORI 2 #ED T & 72, 2o
T, REZFEMZBTOLZ SR TwAvwED b=
Vo a—a vy F T AREBBDOL I OWT
HEHL, TNZRHOBETHRINES T 74—k
V2 & o TG = R OTHE S AT 2 3k 7.
BIMENEZ T 74—, BTHMSEHG
&V OED I AEOMER % DT % 53 5 Mg
L 7-fast g a2 WS L, 745 h-mifg e Ofor
T—=FD—RILT =) LW, @745 ¥
7, @7 =) &), ©320FIH
WEBHBR T VI RLDFEMIZEY a2
Ya——2HuTZRICHBKEZITT) DT
H5HHL). COBFMMNETT 7 4 —EITX
0, O TIRICHY 7 T T M ELE SR O A e
59, WHYRNOEEFROEREZOTY
FTADF ) X — b VEAL OB 7% AR %
EMECIRT T 5 2 L TE S, ABF5RIE, 20
TFEFHVCET by o2 —0 YT S
PFTRAEFIBL, ke b= =a—1
¥ OWLERAHE DI BRI K3 B A 7 = X A DB
RO 720 DIREFEN LB LT L L2 HI
LL72bDTH 5.

L Jiik
By
AWFFEIZIE CS7TBL/6) K~ 7 A (i, 8-10:: 5
HARSLC) % S ILH W7z, & ToFERIE, NI
ER RS 8 T Z B 2 OREE %1 (No.13-
034), N EEFRF K7 By FEBRAR ST D W T
iz, <Ak, —ERM oK B (7
I light on, 215§ light off), 22+ 2 CDEIRDTF,
£, #fokx HHITZ S L) ME L.
NRY IV E S = M) A (G 3K
Japan) % % 7 A D EIEPNICH G- L 724 (0.1 ml/
100g), 4%/85 74+ )VATILTE FE0.05%
TNVT—VT VT FEEL01M O YRk
% A1 i (PB) C HE Uit [ %2 % 1T - 72 (100 ml, 1555
f1). WiAEUL L, #EREE & UREER T’
BEEZITo /2%, WEEZ Y75 b— 24 (Leica
VT1200s, Germany) % i\»CT50 um DE S T4
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Jis D JARWT i 2 T 4 A F 721d, BRERODIFREIRET
HAEA T A A RVER L7z,

SRR F
tobrovoa—uaromEREwHEALT 5
eI REROEIT- 2. RN S % B
C72DIZA T 4 X% 1 % bovine serum albumin
(BSA) C1H7avy 7L, fitut=
v U 1K (rabbit, 1:50,000, ImmunoStar, USA)
5 ARG S®72. 2%kILkiIEFF 1%
ik S N7z Buy H FHUAK (horse, 1:200, Vector,
USA) Z W T 2R S &4, D% Avidin-
Biotin complex (ABC, standard variety, 1:200,
Vector) & 2 WRE [ OIS S &7z, REEHEI L
ko b= vz a—uroii#%005% 3,3 -
diaminobenzidine tetrahydrochloride (DAB,
Dojindo, Japan) TH[ #ifb L 7. (LR34 T
20C T o 72 ) KIS, 1 %PUERILA A 3 7 A%
W & B e &K LIRT 1 ReR, 2 %MERR™>
7 VKRBEBWTOT T v 7 BF-Huth % iR T3055

2wy Wy

2%y - N

M1 BIFHINEZS 710 —HHROME

1o
r ¥ 4 B 9.\

Jo
y o e

WAT- 7z, 20, EHICTTY J —VERT
BESAYICK L, MIb7o L S ICE# LT
Pe~DiZ&EEZm®, 60CTIRY -7 I V5
4 MEABHRIC CREAUM L 72,

B T-HT TORERT

R~ L2 ERO P T, S
(Olympus, BX61, Japan) "CHili 2% A5 B B (2 w41
EEINTOVRERZEIRL, =K -7 V¥
4 MEABIBICHEE L. 2ofEaiEigR
%, WLERORERMRRE, SAREIREE, BRI %
BATBIGEHNEIM R LTIV TL, v
JV F 5 3 78 b — A (Reichert-Nissei Ultra-Cuts,
Leica, Germany) % F\>"C75 nm J5 o) 8 35 ) 8 i
YRR L. 20tk Z8al7TY 5 VET
W% E% (JEM-1400, JEOL, Japan) % VT, &
O h=rza—ay, BRI /5 i
DY F T A% ENETNFN L7z, BRARITRER
R )@ CARENE / B B AT D IR S~ TR B >
FT AL, 4R/ BE MR EkikE,

|| =7

sl

% +a° \1 +2a°

f+a° /+23°

BRI L 722308k 2 £60~70° D#IPHT 1° BT 42235 lft LR 2 80E 3 5. T h 2 h ot
WIXLT, LE, WA SoMIERITY, 7Y IERT L. 2ok, 0T %, FEAEE D LITERICYTE
DT LL, M7 —) TRIT LY, FEEM TOZRICEDSHHER SN 5.
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MAEIRE CATE= 22— 1 2% U CIE#it: >
FTAREET A, Zhbnid, ZhFEFTEAD
Mex G074 OMBICE VWSR-S T
BOY, BERNICBIT 2 EER VY I VHE
BEOREYL S FTRAEEZ SR TWDT.

BFHPEZT 71— 12 L BHET
FRE3AEE, BB, kmt=rv=a2—mY,
WS, IR/ BRSNS 5 v T A%
TR SR I 572012, BF#H b
BT T T A=K BRI R AT o 72 i
MR AVF— U 20T, ERMTY
YVETHEMEIE Y ML, 700 25 +60°
FT1° A7y 7 THBMZ DT %25 TEM
recorder (JEOL, Japan) % F \» T a8 f¢ 19 12 4
iRz ms L7z, 1356 N7 Hi{§% TEMography
(System In Frontier, Japan), Composer (System
In Frontier, Japan), Visualizer-kai(System In
Frontier, Japan) ® 3 i O W {EM@EH Y 7 b %
HAWCTIREHEEL, K7LV F—Fh51° A
Tv7TD360° B—FT—Y a3 A=Y &15mm

ATy TOHATA AL A=V 2.

L f = =2 =0 > DA EEE DR
Vesicular glutamate transporter (VGLUT) i 27V
¥ IV MRE YT T AN AL b T YA
R—=F—THY, FVF I VBEAREEDE
o= a—wrov—r—tLTHwLRN
%" VGLUT31Z, €/ 7 I ¥ GABA 2 & AT
hoa—u iZREBETLEEZLRTEY,
o b=y =a2—0riZBWvT VGLUT3A 3
LTV BEDERRDE 72D ERILRIERED
irolz. €79 b —212K 550 um A5 £ A
ZBSAT7uv X7 L7 fikta b=
otk & HL VGLUT3HL & (guinea pig, 1:200, =t
MRKEXDME) 25 HE S S8z, 2K
1% FITC A3k S 72507 H F Hufk (donkey,
1:200, Jackson, USA) & Cy3fEik S 7-HlE WV
€ v b Hifk(donkey, 1:200, Jackson) % 2 F[H]
POt &7z, 20k, Hetb L7728 % VECTA
SHIELD Mounting Medium (Vector, USA) T #f

AL, AL — 9 — B8 (Nikon AIR-MP,
Japan, x25/NA 1.1 apochromat objective lens) T
fiEHT L7z

T RAFHT

MM FECTHI T b=y ma—1y, B
fhRs, IR RO 3o 2 —a 0K
F T RO, 5 N2 AR I {5
ERWT, YT 7 ABBRORKIE PSD DR
KE, YFT72A0EE Y7 AMROBEE
%, Visualizer-kai Ol % B hE 2 H W Tl & L
7o WEMEATIX, AW OMRE I FRE
2R, FHOMEIIDHICHEEEYN D H Y
Gl Welch BREZ IV, FEEFZVEEIE
Student’s t B E & V72, FhZFh, p<0.05
EEEAEDY L LT

(P S
AT 1- & S FEE

oty a—uridHHORERICH S
R & Wi 2% 2SR PR L2 A 72 > TR 20

LTz (K2 a). MERTIZEKE TIICE IS
L, RERNOLZLRBIZL o THOAITEVDFED
Sz, B EICHIREABIS S N7 OARERE
J& T, THERATEICZ <, FHEIRIE T
EHWEHMHL TR T o T (X¥2b).
RERAE T, BEL 05D, BHIE
TLTBD, RIEEKNZZT TR, BRI
WA D 5 LTz, SHEIRIE CidaBorsd %
<, EITR L CHERMEE IR IR 2120
THIRZ T L Tz S E I/ HERE
DOERBIZED SN BAMEE T, B
i U CPATICE R ASEST L, 4 THRE|MKE
W THfka i LTwiz 3T 8
BTEEERONS RS AEZEHL Tz
(varicosity). O b=V =2 -0 DT F 7 A
DFNTIE, TN SHEIER L varicosity D DK
DEVARERERETIT) Z L e L.

BT IHEE 12 L B IR
CHETOREY LRI, to b=
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=2 —08 Y, varicosity DK 3E T F
TARBE L T, —F, Y FTANREER
N7-oi, 47T varicosity DERALIZ—FK L Tw
oo VFTANEEHALBRESODLDOND
D, 13EAED30m IFEDIRIETH o 7275,

—WWFrdbodbEohsz. /2, XYEOK
EVWKEOHLMENMEZFES Db H 5 7.

PSD REVL DN LHNE DT TH Y ZhkIE
BRON. v 7 AR BIE20~25 nm £ &
T, WA LRIEGHMEE Y T TARIEL b o

Hehrolz(M2c). TNEOFTRIE, ko b
—rZa—u yPEMNBEYF T AR T
BEVCHERORE TR THTHIOTH 5.
WS & AR / B A, OB BT
SE G O REFMIC R E e TH 5™, Al
L, BRI OMBEN S WETREY
R0, EIE /BRI ~2 um ORI
R L, BAIBYIZEST L7200 72 & o Al
GRPRZGROEE L RS, WA & f50E / B A
HREATER T % > F 7 1L, sk - BHIRZEE M

X2 BERKICBIFAtO b= vyZa—u1v

a) ¥ 7 AMOBEIIRBITE A 5 4 A, BOILHFIC 72D, Hitr b= Hkc k> TR & h T
W5, BER(OB) Tld, RETHICREGETE > TWwa, b)BEROASR SRIRkARE (GL) Tz
e L A S BAICEISEIT LT 5. ZHEIRE (EPL) TR £ - 3 CRERIRE I -
THARDH O TV 2. JRHIIERE (GCL) T ATICELT L, RERIRRE I > THkk 2 725,
OWBEKICBII AU b=y 22— 0 DY F S AOBTHEMEE GG E. HENEDD Y+ 7 2
BIREZ RIS F T AR L T 5 (K. BWETFRELZRLTWRESY T
7 A %M (postsynaptic density, PSD) Td % (LHH). Abbreviation: DNR; dorsal raphe nucleus (51l
HEMAZ), MRN; medial raphe nucleus (1E 1 #£#%) , bar: a; 2 mm, b; 50 um, c; 200 nm
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X 3

tubt=rvza—mr(a~a®), BHEREOG~b), M/ EBHME(c~ ) oy F 7 AOBTHMEEM R L
BN EY T 74 —CX 5HEMBEEG. (a,b, o) F=2—0 > OEFHEMSEM G JEvPSD 23%H, v
TAMBOIE IS F 7 AERIE LTS, (2t a® b',b% ¢t c?) TP = 8° 237227
LAEIE. FTRAEVARET L ENTES. @°,6°¢*)15m A7 v 7OH AT 414, bar: 50 nm



WK, M RERkDXO b=y 2 —a DY F T RN

(axo-dendritic), HIRZEHE — BHIRZEHE ] (dendro-
dendritic) @, AT MTI G 2 IR FRME S F 7 &
EBETHIERMOENTEYY, ¥ F 7 2N
JalZERIE T, PSDIZIEL, AW F 7 A MK
O (FENEFNH3 b, 3c). YFTRAOE
i, tuebro v a—alilEBYFTAD
BEEAS, WLAEER & AR /AR L B VT
ADFEEIZRTEL Mo 72,

95

BFMREESZ 71— 12k BIEHT

ek, BETEREEMFED 2 S, HRREIYF
DA TVDG 7V F 3V BBIEB)IE D WLk
a2 1 NC I s IVAOE | 5o iR A R A Sl il (3
THZDIL, BFHRINESFTI74—12LoT
BoNVARTERHERKGEE VT, £ FTA
DPSDDEE, VFTFAMBOWE, F TR
DOERE, VFTANIOERERBMICE L

(#1). tutr=rv=za—uroy+r7ak
#1 VT 7 AOMKEZOWE
5-HT ON MC
PSD 226=8.1 32.0+2.1 31.8+2.6
¥ 7 AR 216+3.6 238+24 2712+13
TF T ADHEE 198.6 +26.5 273.2£45.6 165+20.4
YF T ANBOBEE 32.2%59 32.6+5.7 34.8+6.1
5-HT: 5-hydroxytryptamine, ON: olfactory receptor neuron, MC: mitral/tufted cell
HAZIE nm
a o b
ok 30- *
354
A g -
30 E 26+ !
£ 25 § 241
- =]
[a] 2 224
& 204 =S
% 20
154 184
16
0 5-HT ON ' MC 5-HT ON ' MC
C d
55+ 350- *
50
454 - 300+
5 E 5 E
§ £ 40+ L = 550
g o T @
£ 9O 35 —_— E &
&8 c g
T > 30 S > 200 i
25+ 150+ !
20 T T ' !
5-HT ON MC 5-HT ON MC
4

b= r=a2—u 2 (5-HT), MR (ON), fIH it (MC)® PSD, ¥+ 7 AMKR, + 7 A/NaoiEE,
VFTADOEEDERMN (% n=5). PSDICBWVT, 5-HT DBHAMO 2 —a v X ) FEAZF-oTKE
Wa, " FEME p<005). YFTARBUCBWT, 5-HT OFEMNEEEEZFFSTMC LD /AEn(b, * it
B, p < 0.05). ¥F 7 ADOMBEIIB T, 5-HT DFEEBEEEZFH>TON L) /ASn(d, S tHRE p < 0.05).
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ROZREEZHARL2DICER b= v 22 —1
VEMARE, ko bh=vo—a2—uyLfiE/ R
M D%~ 7 Tl F ME &, Welch Mg
F 7213 Student’s t MEE X 4T -7z, PSDIZBIL T
%, tobmvoa—orERARE ko b=
yoa—uy iR/ BiifllEhEhoXT
BT, SHICHEIFEN G EEZDND > 7205 (F
NFNF =145 p=0.024; F=9.7, p=0.049),
FEHICHBEZ Do 72 (FNFN p =0.058; p
=0061) (K4 a). ¥ F7AMBIZEL T,
EH 50T I H A EISHEN F N 2 A B AT
Lol (ZFNEFNF=22p=045F=75,p=
0.076). FHTIERAETIEZERZE L7208
(p=029), BATIHEEEND->7(p=0.02)
(M4 b). ¥YFTANEOBEEIELTIX, W
NRT OB THENIHEF 2 FEET %<
(ZNZENF=11,p=083F=11p=086),
FHTHERLEI o T2(ERENhp=08;p
=0.08) (K4 c). ¥F7AOERKICEL T,
ELLDORTIZBWT O HICHA N E

Lo (FNEFNF=29, p=032;F =
1.7, p=0.62), FHTEAMHEICAEERELD (p
=0.018), BEIIHEED LD - 72 (p=0.06).
(K4d). 2hFho=2—0 DY+ TAD
g ER2ICF L. kol Za—a Yy
DTFT AL, TNF I VBT OB
WO = 2 — 0 Y HTHT B RN 2 FE s Bk
VFTRAEWARD L, MR L) EEONS W
VFTAT, VP TAMBRS R —-m s &
DR, B EHEF =2 —a v & RERIC
PSD IZBWTEHHMEDZE LW FTATH S
twnz b,

O f=m2— T VGLUT3DHE

L — - MEEIC X AT T, Rk
BEOXT b= =2 —10 % VGLUT3ME
BtEx R~ L7z, VGLUT3, ko bh=r=a2—
O ¥ OHiFE O varicosity DEBAIC—F L TH S
n7-(¥5). coZthbtub=r=a—nu
I, MRMEEMEE L TOIVSY I VR

F2 KHma—uaroYFTAOREY

5-HT ON MC
¥ F T ANBDTEIR % L DYERIE BRI BRI
PFTAMBOKRE AR AR AR
TFTADEEE INE WV KExw INEWV
PSD (RN RS JE JE
RN AN RS H Y ML L

PSD: postsynaptic density

5
tu b= (#, a) & VGLUT3(#R, bl
H — BEA R .
(c)merge Mif. v b= & VGLUT3AHLFEH L T2 % varicosity (KFl) &
HFEBLL TV 22\ varicosity (K5H) 8 5. bar: 1 um

LI EEOLREIC L HEL L —
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HoboddbsreEzohs, 7, VGLUT3
BEHETHLA, ta b rPEEo=a—1u
YHRELN, VGLUT3 kO b=V =2 —1a ¥
UMD =2 —a V2O FEIET B 2 EARBE
n7z. s vGLUT3kEME / kv b=V Bl
—a—u i, VGLUT3KEM:/tu ~= i
D=2—0 i) sEENPLIASNEDS, B
B E TOIRREYE B X OMLEMEE IR 2 ST
W,

£33

REFFE Tl A1, RIEETHMEELE
FHRINETZFI 74 —FEEHNWT, ko b=V
=2 =8 YDV F T AD e A RE 1
MEiTo72. ZORR, FARIESDOPSD %
RhH, BHRELVEZINVNEL, VF T AR
MG =2 —a v X, SO D B IER
WY FTATHLEIERHLNER ST F
72, SRIEMRLAEIC L D, WERNET b=
Za—u iZFNE I UVEPEET A EER
L7

BIHRNESZ 71 =120 T

— MBI T AR R T, 70-80 nm
JE DY R NOEERAI R E SN D -
O, YR HNOEE 2 FANI DWW TII ) DE A
K OIFEIZE SN, L, BT
MNEZ T 74— HVIUE, EESH 5§ %
BT HZEI2EY, RITOREG, S Fm
N ZRICDIGE RSN D 2O R N %
"JHEZENTEL., TZEDF 2 A=V L
ANV T ORI - T8 T il D VAR B IR R B AN
b, ML E XD REICIRNT 95 2 LAY T
2%, BTHRINESZ T 74—, Z0%E-
fRATY 7 FOEREORE 1S, FEEx AW
¥ F T AR DA FIVE R FEBR O AT RS RO
BRONTHEY?, ¥ F T AORREE % g
Mad L7 eid v, RIFE TR, TOETH
FETT T4 —FHAEZEIZLY), O b=
Yoa—arDYFTARBIIONTHD T
M7 LB 21T > 72 b DTH D, ZOFER

MERBD NIz "BHAET v EENBIET
RISH L, WO TRMZIZERHICE S W5
HIC X 2 EBMGEN 252 2 LA TE 7.

PSD DEKEEIZ O T

AWFREOFERT, tubl=r=a—arny
FT AL LR LZPSD X, VY
IVBORETEFORES 2T I MG SN
TwWa®, ZoOBLIIPSD 2K+ 2 18R
T UNTTHEIINY TN ANVEY 2 VK
FHETa5 4 v FF—¥ 1 (CaMK )% 23,
INVE I VORI G LT —ERIZ PSD
CERT 520 THLIEIRENTVEY,
SFD, PSDIEI7NVYIVBIZEEYFTA
DIEMERBLTWEEEZbNS. kO b=
voa—uavi, VI VBRI TEREkD
b=V EEBOMBREDE 2 O &
B, ZFVE I VI MBEW R L LT
DZa—U Y ERZERPERL LD FT A
BENORB ORI R Y, PSD L MM
MEDLN, FIZZDOI LN, ka b=
A% HT (neuromodulation) % 17> T3P Z L »
WRANEMNTE R EEZOND.

EIF= S Z 2 =0 DEEERAIT DN T
U b= vz a—0 IR, IEd
e ARG & L, WERE ZO 7 MemIcR
FPICERS L, PRAEORERE 21T Tw
2™ wwmpbmvZa—wrds, BE=a—
oy EERERAMRE E TN OBES S
TR LR AL T, 2R
Z N5-HT,, % % K (5-HT: 5-hydroxytryptamine,
serotonin), 5-HT, XBEZNL72HDTH S
CENFMEEINRTVAE, kB b=y Za—n
YOEEMRICE, SV IVBICES VS
TAGEOMBI T b = T X B IEH kR E
(volume transmission) & 1), ¥ F 7 AR ER
NSNS = 2 — 1 ¥ NMEEWE % 35
KEDLILENTEXDL. INODOZHRENORE
A, VFTAMEEICEDL I ICEHD STV
MR E LTHL N E o TR, 1 |
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ZrvZa—a OB B ERI T E V)
FHEDO—J, TOER - 55T HIBAR 2
WoIZH Y, W F T AREIIB TR
M= OE L ZDOHFEBEREOMIHIT L SN T
BLY, SHBETREPETH 5.

TP Z 2= DHREAEYE IO T
N DIER TR S F T RAIZBWTHWLNS
MRRAZEWE I NV Y I VBETH D T & —f
HT&H 5. VGLUTL, 20137V ¥ 3 v BfE8k
Za—vrov—h—tLTLL{HwLENS
A5, WERARBWICBT B RENRZ LY, HE
WCIRERICBWTIERNIE Y F T AZ BT 5
RFEW R =2 -0V THLEH =2 —a vk
WAL ClE, VGLUTL, 2232 hE szt
2% —F, krurmrvoa—asicBwT
&, /7 I Y ROMBAZEW R O/NMtE T
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Ultrastructural analysis of serotonergic synapses in the
mouse olfactory bulb

Yoshinori SUZUKI, Emi KIYOKAGE, *Kazunori TOIDA

Department of anatomy, Kawasaki Medical School,
577 Matsushima, Kurashiki, 701-0192, Japan

ABSTRACT Because of its simple and distinct layers organized by a few types of neurons
and its diverse chemical neuroactive substances, the olfactory bulb (OB) is one of the most
desirable regions in which to analyze neuronal organization of the brain. The OB is the primary
region that processes odor information and consists of olfactory receptor neurons, projection
neurons, interneurons and centrifugal neurons. It is well known that the OB is regulated not only
by interneurons but also by centrifugal afferents from other brain regions. Serotonergic fibers
derived from the raphe nucleus, one of the centrifugal afferents from other brain regions, the
OB is highly innervated by serotonergic fibers. These terminals make asymmetrical synapses
onto the target neurons in various synapse formations. However, how different these synapses
are from typical asymmetrical and how these differences are related to serotonergic function
remains to be clarified. The aim of the present study is to accurately assess the morphometry
of the synaptic fine structure of serotonergic neurons as compared with olfactory receptor
neurons and projection neurons such as mitral/tufted cells. The synapses were analyzed
by pre-embedding immuo-electron microscopy and electron tomography which enables
analysis of the synapses in more detail. Additionally, the neurotransmitters of serotonergic
neurons were analyzed by immunofluorescence. It was shown that the most common shape
of synaptic vesicles of serotonergic fibers was round; the synaptic vesicles of olfactory nerves
and dendrites of projection neurons were only round. Synaptic clefts of serotonergic fibers
were narrower than that of projection neurons. Postsynaptic density (PSD) of serotonergic
synapses was very different from that of olfactory receptor neurons and projection neurons.
The diameter of serotonergic synapses, the width of the PSD, was smaller than that of the
olfactory receptor neurons. Immunofluorescent study revealed that serotonergic varicosities
occasionally co-expressed vesicular glutamate transporter 3(VGLUT3). This indicates that
serotonergic neurons have at least two neurotransmitters, serotonin and glutamate. Dense-core
vesicles were characterized as containing monoamines and neuropeptides. In contrast, olfactory
receptor neurons and projection neurons, which have been well known to exhibit typical
asymmetrical synapses, may have use only one transmitter. PSD is reported to be thickened by
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stimulation of glutamate. Together with findings of previous studies, the present study suggests
that serotonergic synapses might release multiple substances: serotonin, glutamate, and a
neuropeptide. Due to these multiple substances, serotonergic neurons may various forms of

synapses.
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