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018} reshol we WshE vepd slsAe] e
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e AR HRe 9T mre Adego B
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= Y 3}
%, wslzos 4)UNE o4
Aztske] GLT-1, GLAST]

A&toz Y
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Lo °
ZolA B EolA AAE
vk, GLAST:= 3ol A ZhAst ofaks

dzAslstga axe A gos
burliorl =3tE o] EAskelon, A7A
%79l GLT-17 GLAST®] W&l e wslel] uj
E‘roﬂ o S B, o F Al A o
AV
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FotE 7| g 1 FFEAEA, GLT-1, GLAST,

M
=7l (glutamate) > EH-F-2] Mol FE &
B AAHRDGEA o|c}(Curtise} Johnston 1974, Fon-

num, 1984). F2ehke Mol A]2] A7 A A Dol
WA EA oA Tk, o7 o] IFxd AL AAME
o] A NEAFEE FUT S olgol dE] 4
A 9loh (Maragakise} Rothstein 2001). 2-F&HAlel)
g MRS HEF (droke), 5543
% (amyotrophic lateral sclerosis), ¥z3 } o] x| 1
(Alzheimer's disease), 7H4 (epilepsy)®] 3 7|x1o =

o
==

*o] =Ee 2005\% ZEu|stw

2ol 0)Fhe] ATE S

WA A} o] 29d (FH st o] |
Al
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B 157 9ok (Masliah 5 1996, Maragakise} Roth-
stein 2001). webA, SFeAke] Axne 2 HE 3}
oJo] FFELe FaE A=t AEs=Y slelA
J4A o]t} *rlwr%ﬁgiﬁrﬂ Hze] tFom
= hodl dAHen T Jue

(transporter mediated uptake)
c>]1:‘r(Rothste|n = 1996) HolwA x| o3 FFE
Abe] 42 Natel] <24 <) W)z} w)e) %
5 74X7E EAE o] £ 3 Navo] 4wor PPN
ele] E——?'—%“M] Al 23=rt o =
Al A SFAEel alelA] o T*ﬂ g ‘%‘i )
= o= %E:]X% el (Andersonz} Swanson 2000).
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w A72) WA S WA FrdEgow,
o] 24 GLAST (glutamate/aspartate transporter)
Sa} GLT-1 (glutamate transporter-1) © 2 == s}gic}
(Pines 5 1992; Storck 5 1992). Algho M= o] &
EAAT1 (excitatory amino acid transporter 1)3} EAAT2
(excitatory amino acid transporter 2) 2. Z}zF = w3}
93t} (Shashidharan} Plaitakis 1993, Shashidharan 5
1994).

GLT-13} GLAST:= ZH/72 dHelr Z47] M=
e ¥xE Adgn ZuFdo F EA Al
GLAST:= 2179 o (forebrain)e} Aol who
Fzs gl W, GLT-12 A% 3374 = 59
Hol A Aol wEHA et AF 55 Ao A
o] ol ==3ch= ®a7) 9lvh(Ullensvang 5
1997). A4 ¢] el GLT-1& obsjela] 72w
w3 sle, w23 (caudate nucleus), o =724 (cere-
bral cortex), 3=} (hippocampus)ell 4 ko] 3 =}
= B} ¢lglch(Rothstein 5 1994). Aol A=
GLASTS] wo] GLT-1Ht} & 7oz o4
eltk (Milton 5 1997, Lehre2} Danbolt 1998). =, A4
o A= A5 (parale fiber)e} =244 = (Pur-
kinje cell) AFe]2] dAdellA] %—E’r%wol AARNLE
Az AgE e, o8 3 gl Al okmA £}
F2 GLASTE 3t 91, & 04 GLT-1& &
S8l 9lgo] B uEnl i} (Lehrest Danbolt 1998,
Xu-Friedman 5 2001). o] F712] SFsAl44 zq]b
FYft 22AE Abele] AHRIlelA

Abe] ghalel] o3 2 Ut £e) AMPA 584 &

2 Ee] BA3E ARG Bt
o} (Marcaggi 5 2003). A3 oA GLASTS] 7]
el geiAAE kA GLAST fax
| AR 50 e A A B

o] efo] Z7lateh Az} wag wh glok(Wa
tase 5 1998).
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o] Hol A FEEASEA vt wwd ¥} g
=14 (Rothstein 5 1992), o] GLT-19] #4a7|l ®
25 ¢io} (Rothstein 5 1995). Liang %-(2002)2 <
Zsel Ay g5 el MotmAE A 2RI
o) F47} ZaE Aot Rud v Qleh wsh) w

FEA AL Wstel dstedis @ AnHEel
A8t gk sletk o= kMW AR
sk e AR Pasloks B (Wal-
lace?} Dawson 1990)7} gl= ubd, x=3}% AFES
o] 43 o AFelAE Wbl gty B s
o} (Kirzinger¢} Fonda 1978). =3t x=3}% 3139
e ZA T ZTH A (stristum)o|A] FFEALY] &
47} Zrasigeta B aE v gl o) (Matsumoto 5
1982, Najlerahim 5- 1990, Vatassery 5 1998, Liang
& 2002), *H W37} globs a1 (Dawson 5 1989)
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ehakpEA o] W)

o W AT o RSl 2 el @
A5l 2ol st B RS B
o) W3hE Wl 24 3}519d 43} western blotg o] &
she] zAtaleleh.
R

1. dgse

Sprague-Dawley#¢] 418 A-g3tsich 445
27 PN, 3tel 8 AHg gl on, malre 24
AL, antel e AHgsisich AR FES dael T

ool ARgsksle

2. M= sstdM o MxHEHO|Y

AP EEL eherz 59 v} A7 g Ao w
A gas HA FFER Fele] 4% paraform-
adehyde(0.1M PB, pH 7.4)8 sh7-ste] 4 A7tk
HE 2l HEsta 59T a2 om 4°CA
AAZF Ft FaA s

2 A oe 25A-AA7) (vibrating micro-
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tome)E o]g3le] 40 um F7 2] FAFEH (coronal
section)-2- A zFslgd e} A2 ¥ A 3-8 phosphate
buffered saline (PBS)ell A& gt oS WAl peroxi-
dase 45 AA|8l7] #13ted 1% H,0, §-<fel 15%
7 WA F T AT v AR S A A vk
A ZAer YA 2= guinea pig anti-glial glutamate
transporter GLAST (EAAT1) (Cat No.#AB1782, Che-
micon Internatioanl Inc., Temecula, CA) == guinea
pig anti-glial glutamate transporter GLT-1 (EAAT?2)
(Cat No. #AB1783, Chemicon International Inc.)Z
2z Abgslelor, o] 52 0.01M PBSe] 1:1,000
o] FE% 34T goloA 223} 12417} FaF 4°C
oA ukA AT o] F, A3 x2]-& biotinylated
goat anti-guinea pig 1gG (Vector Lab., Burlingame,
CA), avidin-biotin peroxidase complex (Vector Lab.)

galolA] wxpd oz 147 Bk ALoA A
Zc} vbAaul-e 0.003% hydrogen peroxideE &+-§-3t

0.05% 3,3’ =-diaminobenzidine (Sigma, St.Louis,
MO) g} & A-g-shsilet.

EEESELEREREIES R ERRE
BeAulARRE A1 YRAA 2HAY I
A ool Aeide, Qi) 2 d

Adv| A HZAE ¢
ME 2A L oA 1% glutaraldehyde(OlM Pl
o, 1% osmium tetroxide g ol A] ZHzt xp- o7
IAZE B9 FuAsde o F, olvbeS o] &3}
Garol 94t F T0% AR A4 1%
uranyl acetate gl A 1A+ Eot A sisict. &
F7F Bt 2AARL z2 Y Sk g S
= oJ]-’-‘—(Epon 812)& o
o} el &+
Ao] A % R
A7 T2 olE
A glol AxpEw]7d Aol
Japan).
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3. Western blot
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7 BEaREe) 248 gz Besl Tris 439
(20% glycerol, 10mM Tris, pH 8.0, 5mM EDTA, 0.5%
Triton X-100)¢l] 37 polytrons 0]—9—6]—0:] Baskal
t}. 12,000 g, 4°Coll A B3 zAlN-e LJAl2T3)
o] 4zl g wgie} whille] 5wt Bradiord Wy
oz 24y RE Y AFS ArdF A
o 95°CeflH| 5&7F z{ﬂ%}ﬁin} GASLT, GLT-1&
Fel 7 well ¢ 247 1uge] =il S HolE vhe
SDS-polyacrylamide gel electrophores‘s(lo% poly-
acrylamide gel) = A]8)3l 1 Y EZAE=2 A9 (nitro-
cellulose membrane)el] ©]2 %7}
HEzdEzamte w5 wge xusl)
93} 0.1% Tween, 2% skim milkS 3-8-3F Tris
buffered saline (TBS) .2 Al-2-ojlA] 1A]7F F<t ub
SAIZ T o] F, dxjskA g o= TBSe|| 1:60,000
o= 3|A3 guinea pig anti-GLAST (EAATL, Che-
micon International Inc.), guinea pig anti-GLT-1
(EAAT2, Chemicon International Inc.) Zrz}el] Al-2oj]
A 1A17E A 7k TBS AlE %, ol 23kl g-o)
© 2 horseradish peroxidase-conjugated rabbit anti-
guinea pig 1gG (1: 8,000, Zymed, San Francisco, CA)
ol 1A17E ek AgelA WA A Hejusre
%3 o 2 enhanced chemiluminescence (ECL) west-
ern blotting detection kit (Amersharm International plc,
Buckinghamshire, UK)Z- ©]-§-3}o] &elslict

2
T=
L

=]

GLT-13} GLASTe]| dgt = <3123 (immunoreac-

tivity) & 29 WARE AlslsT 2] 549
9 RE = = Ex}=(molecular layer), g1t

(Purkinje cell layer), #}3)=(granule cell layer)ol] 4]
HEFH A (Fig. 1). B 982 SAAAA 2
otwA z2] MEZAE ehliA gkar, 2FuhelA
E A7MEA ] Abelell A AAE Yo, v ol
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Fig. 1. GLT-1- and GLAST-immunoreactivity (IR) in the cerebellum of young and aged rats. Immunoreactive materials were distributed
throughout the gray matter of the cerebellum but not in the white matter (a~ d). Immunoreactivities were found in the molecular,
Purkinje cell, and granule cell layers(a~d). Staining intensity of GLT-1 in aged cerebellum (b) appeared to be higher than in young
control (a). In the aged cerebellum, GLT-1-immunoreactive materials were densely packed around the Purkinje cells(b). In con-
trast to GLT-1-IR, the immunostaining intensity of GLAST was higher in young control (c) than in aged cerebellum (d). In the
cerebellum of young rat, dense immunostaining intensity of GLAST was observed in the molecular layer (c). m, molecular layer;
p, Purkinje cell layer; g, granule cell layer; w, white matter. Short bars located in middle part of Fig. 1a-d represent the boundary
between the gray and the white matter of the cerebellum. Scale bar in left upper part of Fig. 1a=50um. (8) GLT-1-IR in the cere-
bellum of young rat, (b) GLT-1-IR in the cerebellum of aged rat, (c) GLAST-IR in the cerebellum of young rat, (d) GLAST-IR in
the cerebellum of aged rat.
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Me Aoz yi HA Eold EAske ool
ek A2 HollM GLT-15 GLASTS] w4

A& v wslol & ), GLASTS] "G4 o] GLT-1
o} Avbg oz 3k (Fig. 14, c).

getEn) g AelMe o)lE FFEAEAZ Al
2o A=A ghell FAQYA] kol x| ulA|
F25 AT & gods 22y, "HgAAEn A S
Alggt A3, o] F e FERAISEALE AFA
2o M ZAd M= HFHA] A4, AAME Aol
e olwME = X rAER F9E 5
A ok 2] F3F9]E7] (perivascular end feet)
WellA #2= Qe (Fig. 2a~c). SF7ARREA ol
A3t "QNdE veiE Az Az H
ek 715 Aok A #YsA #14
< Ao A, 283, RAFIEVE Aok A
oA} GLT-1 =z GLAST)| ¢kAel AzE2 WHo}
A Z (astrocyte) 2 &2l = ¢t} (Fig. 2a~c).

3ol o] GLT-19] WAl BA3,
3, A S BrdA szl Bo 7}
HYgAAdE Bolew (Fig 1a b), o] western
blot 23} (Fig. 3)ellM = -2 & Bolsh A5
27| Ae] GLASTS] W dAAd-e GLT-134 =izt
IR 2 Axe] WA S #)|2]g ALY BE o
Al BAFG o, FAFel A MY FE LEEE
Fd& el ot (Fig. 10). 8h2el A= GLAST 2]
HAGMA o] Aoz 7EAdle] F2 Ea}3o
Al GLASTe|| w3t "] 2= (Fig.
1d). :=3}<Fol| ] GLASTe]| oidt " 3442 Fra
= western blot A2} A = 7+ okAFS H 9o} (Fig.
3).
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2. Western blot A1 Zx}

A71%9% AollA GLT-13} GLAST g2 50
kDael| 4] 70kDac] Ak Abelel A A== A
S zTe] axdA GLASTS] wHde] GLT-19]
HREG g ool A FFEASEA ] =
Bpoll whE wsteA], GLT-10] LRLE w39 7

=
e
37 Azl Aeue F7Ede ae,
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Fig. 2. Pre-embedding immunoelectron microscopy for GLT-1
(a) and GLAST (b, ¢) in the cerebellum of young rat. Dark
granular reaction products indicate the localization of
GLT-1 (a) or GLAST (b, c). They were present in astro-
cytic perivascular end feet (a) surrounding brain micro-
vessel as well as in parenchymal astrocytes (b, ¢). P, Pur-
kinje cell; As, astrocyte; G, granule cell. (a) GLT-1, (b)
GLAST, (c) GLAST. All bars=1pm.
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Fig. 3. Western blots of GLT-1 and GLAST with the cerebellum
from young and aged rats. Each lane represents the result
of different animal (n=3 for young; n=4 for aged). Each
lane for the GLT-1 and GLAST was loaded with 1 ug of
protein. GLT-1 bands migrated to approximately 60 kDa
molecular marker, and GLAST bands were detected at
approximately 50 kDa molecular mass.

3 949 oM 4% Bz

23k5i= (Fig. 3).

T 9
FJré:HPJ%

A9 e
=R i=1

g2 JFEM= GLT-19 GLAST/} F= ¥
olmA| Zol| ZA)stz glvtz B st} (Rothstein
5 1994, Torp 5 1994, Lehre 5 1995). Promotor=-
o] 88t e AFo|A= GLT-1promotor: =+
¥ A% AR FHARANA Hotar x| 2
sle] ZAY519] 0w, GLAST promotor = radial gliag}
HolwH| Zof| 3tEe] IAEoH, Hpe} HE
X (corpus callosum)el| A= wWAlA ] 3| 4aE7] ok
M| 2 (oligodendrocyte) | M = FAE gl o), AxS
233 ¥ o] o2 el WA A IEHA|
A3keh sholh(Regan 5 2007). & Aol 2
Sw oA AFE o149 B AFAEe A%
<} g8k

2 AT A} AyeA GLT-13} GLASTE =
sjoll e} Mz o epabe] WEHE Wl GLT-1

H
k'3
2
>
br
)
2
&
f‘?

376

i rle

Ay
lo
B
i)
o

TAES] A M= 3t o
v} 9let. &, Haugeto 5-(1996)
AbpEA 7) HolwM 2] el M2 yRhs] o
EA AR M2 g2A vhEgeta AlAEE bt 9l
o ezsfelmn] Aol FAle| o AE R
e 74, GLT-13} GLASTS] =k w3
Z7FetAE A B2 Al 8ol sk A
AL A5, el o3 GLT
o] Z7F AL A F AN GLASTe| wsled= 1
A 2pgo] vehtA] skt A7 At sld
2002). o]= GLT-13} GLAST®] twhulzl
FAol M=z 7Hez =AM 9SS AABHE
ZAelet(Liang 5 2002). o]d 7FeAdE SERE=
T o Hyes Ay EAe] Al AfE
2w GLT-1 mRNA T thizxle 7kislglo
1}, GLASTE: "isb7} glebs B3/} 9ledc} (Behrens
= 2002). S-7ER4A oA GLASTS) k=3
olma o] Aol o] AAF L gle=H, &=
sho]m R gate] AF Mo A] EAATL(GLAST)
o] 7}t ubglo] IaAx w} gl (Scott 5 2002). &
A, dz=slolv]x] W 2R FA4Ter] EAATL
(GLAST)¢] Ztaslgtts ¥yx glow (Zoia 5
2004), = o} ATolME dzslolm K] AH 3}
o] AH mﬂiﬂ] APl GFA] o] & M EoM ] FF
Ab B} 7445}l a1, EAATL (GLAST)®] kel
7_}¢s} o}, EAAT2(GLT-1) sk A5} mRNA
W37} gedokn B sl (Zoias 2005).
GLT-1¢] Z7h= HotwH 2e] 3t} WA o
Fro] 9lob= ®i7} it} (Zschocke 5 2005). o] &
o] AFelA 2F AA L] HelmA E: Uxpuf ofel
2] dexamethasoneg =od3}4] FH)
2ot F8AE 53 GLT-1¢] o] Z71a#|uk,
GLAST®] 3l wislslA] skt =awlA| 7 H&
Aoz 3%l AP5E =N levodopas Foi3}
Ae 7S, GLT-1 e =759 A5E GLAST

MRNAE 2jv]gl= Wshe Helx] oghre Bux

SR EEs
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elt} (Lievens 5 2001).

o tpepr} o] F se] FREMApEAE M2 o
A1 3 A 27]A (signading mechanism)ol] 2Js] =4
Fo] offo o8] AFEelA AAE L ek F, Al
AA 27} delEhe AlsAdEA> A7 oA 2o
Aol GLT-1 #dg Z7HAg= Bt glow
(Lievens 5 1997, Figiedl=} Engele 2000, Zelenania
2000, Behrens 5 2002), Lievens 5-(1997)] <

=2

T

s

©
Fol mhaw, AR E4S FEIAFEA
TR oJ3E TR S Al AN 4
B

] #u]= = epiderma growth factor (EGF), trans-
forming growth factor alpha(TGFo), platelet-derived
growth factor (PDGF)= GLT-19] wa-2 Z=7}A)7]
A9k, GLASTS] WHloll= o 3ke nA]#] devhx
B9 u} glo}(Figid 5 2003). 39, GLAST] %=
Aol 2 s}le], oxidative stress7} =7} AL, obd
2olzwel HAe =t FAFUS A4, GLASTE
w=A s A Fael WAe] deld 4 et
o ¥ ¥ v} 9lo}h(Butterfielde} Lauderback 2002).
GLAST:= Al gtell 4] Al o] A1] 2} (endoplas-
mic membrane)3} &3] A4 (lysosome) == Za=
(Plaque)s} 2o Aol A EalEehe Bt glg)
ov) (Zoia ¥ 2005), o] E-& zstoled W Tt
AN ol kleM = F2F H]sle], 5
b F49} EAATL(GLAST)S] o] zhaaigl
=& BoFH (ZoiaF 2005). oo wE AT
52 Rael B AT AdE S 2, o
FollAl GLT-19] :=3lof] whE Z7hHe A™E 4 3l
75 dhte] 7oz wdle)| wE 4v o] A
ZEAeld WAl &, o]2 <l EulEl E
Aol oJsf GLT-19] w3le] Frlslde 7FsAdol
AS Aoz YrEoh

GLT-12 AA7o o+, ¥&7], H4elA
AbpEAE 7P Fad d¥3e sske
oA glen, HA FFEALES] 90%
GLT-1o] HH3lgxy B yd uv} glo}(Tanaka
1997). 121}, Takatsuru 5-(2007)2 GLAST (—/-)
A GLT-1(-/-) AAE 43 A7) e

el AdeA 224 (climbing fiber) &} ZZHkA| 2
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Atolof| Al o] g-¥= SFAEe] Fell GLT-19] o
o] GLASTH Y v 2thy Buslgle). & 7
Al 23t Adea] GLT-lo] Z7}slgdA|qt, GLT-1
mRNA:= multiple splice?] ez ZAj3c= B
7} 9l7]ell (Lin 5 1998, Meyer 5 1998, Munch %
1998, Figiel 7} Engele 2000), & AF-ollA =3} 4]
oA =718 GLT-10] 7|5Hoz mErl A3}
HefAAE oz o A9 A7t v B
b =3t B dFoa] doxl w3tEl 4volA9]
GLT-1¢] Z=7}¢} GLASTS] 7147t 7|53 oz A&
Hol A HRHA QD FFEALES o WeFo =z 2}
43 AL ez o Aol & Fto|t
AgHoz, ® AT A, AF 9 LHoA GLT-
13} GLAST7} 3lof whg W3ts Bglow o|&

=
L

ZFAAA NS FFRAAAEE w3l w2
W3E wolglgle A& A By, k3
b2 W3l GLT-1& Z718 ubd, GLAST: 4
st ko] Wskg g7l o] A o] F Y
o FFEERASEAE 23] M2 o8 2d VA
o o8 24 We-& A8
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Abstract

Age-Related Changes of Glutamate Transportersin
the Rat Cerebellum

Eun Young Lee!, Woong Choi?

Department of *Anatomy and ?Pharmacology, School of Medicine,
Chungbuk National University, Cheongju, Korea

In the present study, we examined the distribution and amount of two important glutamate transporters, GLT-1 and
GLAST in the cerebellum of young and aged rats. Sprague-Dawley rats were used at the age of three months for young
control (n=3) and 24 months for aged group (n=4). After transcardial perfusion with 4% paraformaldehyde, brain sec-
tions were immunostained for GLT-1, and GLAST. We found that GLT-1- and GLAST-immunoreactive materials were
diffusely distributed throughout the gray matter of the cerebellum. Pre-embedding immunoel ectron microscopic study
demonstrated that the two glutamate transporters in the cerebellum were restricted to glial cells with astrocytic features.
Theintensity of GLT-1-immunostaining in the cerebellum appeared to be higher in aged rats than in young rats whereas
GLAST-immunostaining decreased with aging. Western blot results were also consistent with the immunohistochemical
observations. Conclusively, GLT-1 and GLAST expression in the rat cerebellum was changed with aging, i.e, increase
of GLT-1 and decrease of GLAST expression with aging, which suggests that the two glutamate transporters might be
regulated by different underlying mechanisms with aging.
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