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o} Padsle] vjehls A7PEASEAE A T A3l
98t AEA Wb} oferkA] ApziekAlel AT
Akl Ay wehe-& & 571 Qlek olEd At
Al A SGATAHEA  FANCA; islet cell
cytoplasmic antibody)9} #HAEFEH ZRA|(ICSA; islet
cell surface antibody) & Vg 4= Qle=dl 2E7HA] A}
7herele] BAo] oteiRl A Sell aal”, carboxy-
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p gang
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(bovine serum albumin)ﬁ), insulin secretory granule”,
tyrosine phosphatasem o] oA glrt E3], 19904
Baekkeskov SVl 2Js Avix Aprieldess
glutamateoll4] gamma aminobutyric acid(GABA)E
ABAIS HAel glutamate decarboxylase(GAD: EC
ALLISE QoA ek ok} URlelEy i
dioite] 57 wllo] non-obese diabetic(NOD) mouse
9} biobreeding(BB) ratollA . FEZ o2 wlHsl= 7

H4dzk: 19974 59 199
Earelzk 19979 79 159
Me)x2k 39led, FEkoFel FdATL

FAEQATY, olEoa s TA HHlATA
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22 Hayl sel QlawlolEs o] wal 3
slod g ATl ol Aot

GADY: Z}t 67KDa(GAD67)8 65KDa(GAD65)
o] 5714 isoformo] Exfsh=dl| 72k A&tk chro-
mosomeel] QU geneolld] REo] A} zpztel
isoform Ale|olly 2k 65~67% 2] nucleotide homology
7} &Exfsled, brain Feliet islet Helle 9% o1 F4
sl3, AR g F7blx oF 90% o)42] homology
7} EAlslod A3t AME of-f- conserved Ho] gl
tAem A Yot md), GADES = MIEAe
Aot AE=r At Aeelld 25 wde] Fv, R
o] co-factorq] PLP(pyridoxal phosphate)?} {i=
apoenzyme e 2. Eaish= vl GAD67S F-2 A|E
Aollnt Ealshs, PLPS} Zg=le] U+ holoenzyme
Al EAlsle A2 ke B8 AR I o]
213k GAD whfAe] Hlg A A FollA o] gl sl
oy o}F] ApAlE| B AR eigkont, # o] Kol
ofsl olgal Fujakgolt dlg £AEARe] 3} 9
ahebal phado] 9he Ao st o}’

wah, A1 Fied B242] 25 GADel ok 27}
S} o] QIZAVE ekt SAY e &
W ARE Yool EAsrs Aol BeHeza”,
GAD ghiigo] 14 shiwg whie) 27] LAl 5
8 AGE ke Zeg It oloh Baislod
A Fuy ool dEHQ FEEHY NOD
mouse& AHE-8H AgolAE GAD ThiiA 2] widdef] 2f
gt Hozhg o] o} GAD el oigk THXE
Aub-eel §4 5o AE Wte g™ GAD vt
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o] NOD mouse2] Fxy Wzt 2get o
ke 2E ATtk

21250] GAD §-307+ Wlol] i 179} Btelod
o8] Hiv} olfo] Aid], Kim £ immuno-
blotting WH-& A3 A¥ellA Uxle] M=
2] GADG65 isoform9bo] Eash} mouseoll A
GAD65 I GAD67 S7Hx] eyl 2.5 Zajgcl= 7
£ Baagdel ey}, Faulkner-Jones 272 in-situ
hybridization #}#-8 ALE3}od mouse M| Eol] 2]
GAD isoform 28 &A%} 43} GAD67 isoformTt
o] Al & W Hwslgien, QA9 mouseol]
A GAD $417) Wl HE ThEchs A A4l
c} 8l Velloso 772 RT-PCR(reverse transcrip-
tase-polymerase chain reaction) HPH-§ AR8:3)od
NOD #PAolle] GAD RNA W&g 244 A3,
GAD67 9 GAD65 F7Hx] #Hel 2% wissht)
GAD67 isoforme] GAD65 isoformHc} H4 ¥lo] vt
sl AL PAsle] NOD mousedllie] GAD
isoform2] W& Helr} Solsll= AE AWIslsict
Martignat 52 semi-quantitative RT-PCR uho &
NOD mousell*]2] GAD67 §AAe| wal-g A5}
$l2v] NOD mouseoll*] GAD67 §-3z}ke] wiao] A4
FHE 309 7AE Fkseh 2 Folls A st
= 748E Holx Ao g 2 wslgit) 2ol Pleau
S0 quantitiative RT-PCR ¥Pd-2 AR&3t Als]n
# 558 o]%.2] NOD mouseollX] GAD67 -3-41z12]
o] th2#Q) Balb/Cu} C57BLT H]Zslod 5u) o
& ¥4 Jehtn, GAD65 f-73xke] widl|4 % NOD
mouse”} thEF3} vlwslel dxjslA F& Aow W
a3 o), oA 7Ex] NOD mouse 2] ontogeny 9} 2l
% GAD65 3 GAD67 f7dzte] wdol] thslod = 1Al
3] deiA A e Aelelch

wjzhi], B A¥oll4E NOD mouse?] pancreasellA]
ontogeny$} P& GAD6S Y GAD67 §-4xke] uba
2}o}E RT-PCR3} Southern blot BPH g ARgsje] 2
Aelglor, HzFo 24 ICR moused ARgslo] 1)
213

Chal 3¢ &y
1. SIECha

B A &o]|4]i= NOD/Ed(Edmonton strain; Dr. Rabi-
novitch. Univ. of Edmonton, Canada) 2X€] HoF ul
of f¥lkel FotdtL FEASANA breedings}
o] 932 NOD/Yh strain-gd A}-8313)e0, o] strain®
s WHEL femaled] 7% 31.8%(168/ 529),
male? 0%(0/592) &4 < zhe| whixd whad ol
g xol7}t lgich. NOD/Yhe] Agz7le Ry &
E(234270), AUFE(30~70%), $713)5H(12~153)
Al7h, ZE(300 Luxold, 124177)E A8l
AT AR AYEES 1A} filter
(Gum~10um)el}A] ot FEES AFFTFAXR
FFeigick

Total RNAE-2]E $Jslo] neonate(E 2~32)+=
10u}e], 455, 85, 125, 163, 20525 NOD female&
27t sulelg Agsisien], dlaze R BUE o
o] ICR female mouse & A-83}%c)

2. RNA 22|

Total RNA¥ Chomczynsky9} Sacchig] wh™-g
wsdslol Selelich wixl 7+ ©122) NOD mouseol]
A 10~20mge] #Ag wiolHl 3 Z4] SmLe] lysis
B-o8(4M guanidine thiocyanate, 25mM sodium citrate
[pH 7.0], 0.5% sarkosyl, 0.1M 2-mercaptoethanol)ol|
Y31 homogenizer® 30&7F HaAlZu) 1/10483)2]
2M sodium acetate(pH 4.5)% W3 T8 E3l)7]
phenol-&- & Y& t}-2 1/553)9] chloroform-& Y1
vortex E3}elsdeh. SSlollA 1587 uhxEl F 4
ol 12,0002 1587 HAEelsln A5 ouTr ZAl2
A & ¥ 22 o] isopropanolg ol -20Tell4]
LA)Z wkxjsln 12,0008 2 YAl Ealslod RNATE 214
AlZick 70% N2 Al ¥ 2F Azska 0.5mL
2] DEPC(diethyl pyrophosphate) *|2]%l &84
RNAE 50i 260nmolld] F3EE 24, Agslict



Table 1. Nucleotide Sequence of Amplification Primers and Hybridization Probes

Mouse 3-actin*

forward primer
backward primer
hybridization probe

Mouse GAD6S

forward primer
backward primer
hybridization probe

Mouse GAD67

forward primer
backward primer
hybridization probe

. 5"-CATGTTTGAGACCTTCAACACCCC-3’
. 5°-GCCATCTCCTGCTCGAAGTCTAG-3’
. 5".GCCCATCTACGAGGCTATGCTCTCCCTCACG-3

. 5. CCAAAAACCCTGCAACTGCCCCAAAGG-3’
. 5°-GCATATTTTAGAGTTGTTTGGCAATGC-3’
. 5. CCCAATGAGCTTCTTCAAGAGTATAATTGG-3’

. 5-ACAGTGACCAGGGTGCCCGCTTCCGG-3’
. 5-GCGAACCCCGTACTTCAGGGTGTCTC-3’
. 5. ACACCAGTTGCTGGAAGGCATGGAAGGCTTT-3

* Sequence information of mouse 3-actin was obtained from Genbank data search using Entrez(www.ncbi.nlm.

nih.gov/entrez)

3. cDNA &

RNAZ XE] cDNA S §438l7)14 H*] RNase7} 3l
= DNase I( Boehringer Mannheim)-g- 37 TollA] 305
7} Hel(1.5U/1ug RNA)sled DNAE A7}k 75 ¢ell
A 5H7) Azlsled DNased 843} AlZlch cDNA
1= Pharmacia}9] first strand synthesis kit(cat. No
27-9261-01)% o]Bzslo] FAFeiAc 4uLe] FFHT
sute] oksed (Lo dithiothreitol, 1uL9} random
primer(0.2ug/uL), 4uL(0.5ug/ul)S] RNA-GHRE 43
37°CollA AR MRS AT WhEo] Bt ¥ PCR 2
£ wphx) 20elA BRelsick

4. PCR &%

NOD % ICR mouse?®] 2% RNAoI4 GAD65 %
GAD679] waioke ulwsl7|9igk PCR 55 W
Velloso S7¢] ubH-& AA2sigict. 2uL] cDNARA
ol SyLe] primer(10pmole/ul), 4u1.2] 4 dNTP
(2.5mM), SuLe] ke, 34uLe] FFeel 0.5uL9]
ExTaq polymerase(Takara, 5 UfuL)& 413 94 CellA
557 WA A ZTh ZEL 94 CellA] 452 WA, 60Tl
A 15 annealings}gl.o=, 72CollA] 4527 #4493

RS f-actin® 303], GAD65 % GAD67- 403 F-F
so) vl zslich EFoll A2} primert o|v] Hagl
rat2] GAD65%} GAD679] 714> ol A= 4
F4do] gle Hx2HE] Q8sien, 7H7ke) primer
7} Az 2ApreAdo] g e 8% ¥ PCR 55
of] . AR&s}edcl. Hybridization probe GAD65
GAD67 primer2 ZE¥ H9]9] F7te] d7iA49=
Be] Qlgsiglon] B Agel] ALH primerE2] 7
49d-& Table 10l) FAISAC)

5. Southern transfer

25 pCREY 104LE 1% agarose 7 “goll4] A
7l %slol ZZ5] DNAS Fel3t oF EBr §42
2 DNAE dMsie] UVAlA 533 DNAS ¥
sledct. 3M NaCl, 0.4M NaOH -&<lol] 74& 3027
@ A7I9E3 DNAS wWAATIZ oAl As
transfer $°4(3M NaCl, 0.8M NaOH)el] 1087+ ¥
% nylon membrane(Schleicher & Schuell, cat. No
01020)& Aol AT 22 st ofalell 27kl
3MM (Whatman, cat. No 3030-6185) paper& H&HA]
7] downward transfer B 22 1~2A|7F5<} DNAE
nylon membrane2Z H71 thE Z3Hg-H0.2M
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sodium phosphate, pH 6.8)0ll membraneg& 9 3}
A7 % AZAZih. DNAE 80 Coll4] 3057F baking
&}od nylon membraneol] TAA|Z )

6. Probe labelling

Hybridizationol] A+&% probe& 5’-4<} kination W
We Agsiod WA E9YU4 PP-ATPE labelling
AlZeh 14L2] probe oligonucleotide(10pmole/ul), 2
L $13208(10x), gamma *’P-ATP(Amersham, 3,000Ci
jmmole, 10mCi/mL), 13yl &5, 1uL.2] T4 polynu-
cleotide kinase(10U/uL)E 412 % 37 TollA 457} vt
SA7) F 68 TollA 1087} Hejsle] A4E B
A)Ziek o37|ol] 40ul 2} ZF<F 69ul2] 7.5M ammo-
nium acetateZ Wl 325uL.9) 2009 AE-2L A7}
slo]  oligonucleotideE AR olg YHE=]
(12,0008, 10830} 5ol EAtehe HH-8skA ohe
p.ATPE Al Sic)

7. Hybridization

Nylon membrane& H]dufo]] Q51 0.1mLfcm*e}e]
prehybridization 8286 x SSC, 5 x Denhardt’s solu-
tion, 0.5% SDS, 100ug/mL salmon sperm DNA)-S 4
3t 65 ol EEHA(S0rpm) 4A17E HEE-A]AH mem-
brane2 blockingA|Zt}. 2 o}&- prehybridization £
oAg AAsl Eeke] hybridization $°H(6 x SSC,
0.01M sodium phosphate [pH 6.8], ImM EDTA, 0.5
% SDS, 100ug/mL salmon sperm DNA)3} 1lpmole/
mL2 labelled probeE Y& ¥ 65To4 1647
hybridization AJZt}k Membrane-§ A4-8-<8(2 x SSC,
0.1% SDS)oll & 65 CollA 1087} 33] AXg ¥ 4
ol AZAIF| T Xoray Hellch 8A|17F ZH3A1A &
Asliek

| L

1. NOD mouse®iM GAD65 % GAD679]
Wl

Table 12 GAD65 3l GAD67-8 EFA17]7] S5l
A-83t primer set$} internal controlE AR&%} B-actin

primer, E¥} hybridization probe®+4] GAD65 =
GAD®672] internal sequence ZXE] 413} primers)
J7]|4DE Hodsx ik NOD mouse?] 1A total
RNAEXE]| RT-PCR HHH-& Alslo] GAD6S g
GADS79) Al o} Aol ulms}7] Sslels
xlH o Z Velloso °7¢] vhol] wle} PCR ZE3)
Fol] wh& 2715 vlsldc) 2uge] total RNAE 2
E] £I3 PCR =71o|A ZZ3|<rrkg 253, 303], 35
3], 4032 wi3dlslo] PCR 4388 ZHi} GAD65 o
GAD67-2- 353) HE] u|elgl PCR band7} 31:44%]7] 4
Zrslod 403]ellA] HEgh Xolr}t Vb on, B-acting]
730l 30%] EZ Al PCR band 9] #Helo] 7153}
At ulekA] 2ug(4ul)2) total RNALE ZH2Ee] primer
setZ ARE3lod GAD6S W GAD67-& 4034 Z=EA)13
o, B-actin®] 7Pl 3035 FHsle] vlazsidct
ol2Jst ZzM= GAD65L} GAD67 RNA7} B-actin B}
Sl He o EAlel] WiEQ) Aoz Fguem,
GAD65S} GAD67Alo]9] Auid ZZAske] ulael
A4S Ygieh ZEE PCR SIS agarose
Ao A71GE B o BB Balew ol
AP 22 band ZHEE WlzeIch U A oM
NaOH £°H0]] Yo] DNAE #4X|Z] & nylon mem-
braneol] o} E-A]71 th YP-ATPZ labelling%l 7+z}e]
hybridization probe(Table 1)& A-23}od hybridization
A7l X-ray HEol|A 8AI7F 7341 autoradio-
graphy & F3sl3ich

Fig. 1€ Southern blot(1A) ® densitometric scann-
ing(1B) Az+E JEel= 71024 NOD mouseol| A+
neonate2] 73-9- GAD67 RNA>} GAD65ol| Hlslo] 6
o o4} wo] Walx]9low, insulitis7} AJEkE]lE 45
o|¥-HE| 11 wlalgko] FA3] FHasled 125 o] ¥ RE]
£ o sl Tl uAsigdeh 4% ol
GAD65 B GAD67 ukgeke] 7Zha #HAR2 NOD
mouse 2] 79 insulitis2] A2} &) AAF wiebA| Lo
skl olbr] WhEQ) Atz s}, NOD
neonateol}] 2] GAD679] =& Hks{oke NOD mouse
Slafeke] BolHiel QaR) ALz 1Y 4 URch
o]2)8l Ase Pleau Vo] 53:82] NOD mouseoi] 4
GAD679] Hlsgko] thzF¢l Balb/Cy} C57BL Hr} 5
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Fig. 1A. Southern hybridization and autoradiography of PCR amplified GAD65 and GAD67 pancreatic
mRNA from NOD and ICR mouse at different ages. The pancreas was isolated from female
NOD and age-matched female ICR mouse, and subjected to total RNA isolation by acid
guanidinium thiocyanate method as described in materials and methods. After RT-PCR
amplification using GAD65 - and GAD67 - pecific primer, the PCR product was blotted onto the
nylon membrane and southern hybridized using radio-labelled hybridization probe(see table 1).

Actin expression was measured in parallel as an internal control.

o ol Frkn gk Avele Uxlel= Rolgick
“12} Martignat 572 NOD mouseol}4] GAD672]
o] AFRE Frlsle] 304 71A] Frksiclrl o
Folle AR Faste Aoz W Hasle] B
A= tht Aolslgiclk. NOD  mouseol| 4]
GAD isoform7Fe] So]Z Q] wlsd-g xjo]| & GAD65
G2 ulyEX o g 4 ¥ % qlgd.ev), ICR mouse
¢} vlizsled £ of} ICR neonatet} NOD neonate Alo]
ol GAD652] Hhadekel] QlolAe R-2A] Xol7t ¢d
= 7128 Hol NOD neonateol|4|2] =& GAD67 b
& NOD mouseol} Solgt #4491 21 & < Slglch
o]el= ] ICR mouseol}A]+= neonateoll A 5. GADE5
St GAD679| wHHake) Hol7} §iglon] %ol 4 e
203 7R % F GAD isoform7iol] &g} xjo]= 3t
=] ofghel. 2 A#oll4] internal controlE ARg-3h

B-actin | 7% ICRo[L} NODell} 2% A3t 42
2.2 W¥o] 5l9jon, % strain?lel] $24<l 2ol
WA ggkek

A E7FA] NOD neonateoll4] GAD67¢] SolalA] &
< ¥d#o] NOD mouselxe] Gzt uis} ofu
T Bdo] deAlell disleir olF7A] ¥heA vz}
glod, old] disleis ¥ Al A7) Le
Ao ArgHcl.

| &

NOD mouse= human IDDM <d7-2] 7}&F 2438}t
25924 BB rad} 3| 2| o]&=)2 Qi) v|E
NOD mouse2] 73-% femaleol|4] 9] 2izil2)5-0] male
3} vlaslel WAl S AolHE 7T ek,
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GAD67 and GAD65 expression in NOD
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Fig. 1B. Densitometric scanning of autoradiogram for
GAD65 and GAD67 expression in NOD(upper)
and ICR(lower) mouse

insulitis®] Y, #)2 WEEE FHsl= T Al
ZAl, A7VekAle] E2) FollA Aol o] iy el
I} AR w2 TR kg A& FAE 9
v} LubH e # NOD moused] 73 AF 4~5F FE]
AAasA Tl WAMEE] HAFsr]  AlFbslod
insulitis #4+g Vel #AlakATAIES] 127} 80
~90% ol AR 15~20738] AnbHel HuEa
S vehlies Ao dHAYF.

B A#oll4= NOD mouseol|4]2] GAD {3}
3} Badslod NOD mouse®] ontogenyol] whE
GAD65 % GAD67 isoforme] Hiaizlolol] thsle] Al
slalgl o, 1 3} NOD mouseol|4& GAD isoform

F32}e] witlo] izl ICR mouse?} w]sislod vl
S Bolyt Wiyl g Holx AL BRigch

NOD moused] 7% GAD67 {AALe] ¥zto]
GAD659]] vjstod 6~8uljold EA elskedl oleit
#}oli= neonateol| A RE] A|Atsled 123 o] F7HRA] AlE
sigicl oloke del dizFe s A8g ICRY 74
GAD670oL} GAD65 §-32te] okl Xjol7} glgd
onf, RE ool A YAl Y= e
Eh} NOD mouseol}42] GAD67 F-3zke] 2 W
ok4h2 w9 Eoldt H4o 2 FA=ge} E3 NOD
mousedllA = GAD67 % GAD65 {-Hzhe] Hio|
neonateoll4] 7k E9kow], 0.4 AXHo g 7hisle]
125 o336l vlokt ghatol 2RSIRE), ol2it
it NOD mouseoll4 9} insulitis®} Melslo] A}
webAlEe] HAHQ Sy st Ao Qe Zog
Fg%ch

Martignat 572 NOD mouseol|4] GAD672] H+&
o] GAD65SEY} AthEo® =51 GAD672] o]
neonateol| A15E] 30UAR & F7kslelrt 2 At 24
asle ALg Basiglort E d7AHEE neonateol]
A 7 o, 0¥ FAH%] sk AoE vl
okt Aoldt A7t Aok Pleau $7VE 55, 105, 155
2] NOD mouse #JAoll4 GAD67 f-32e] wlido] ol
2391 Balb/CL} C57BL/6 K} sull AEZ A e}
v Aow Baslgisd ol#idt Avke B A7 E
of Az)st §A% Aolglch TELl, GAD6S SAAe]
712 Pleau £°Y-& NOD femaledil4] 2] wisigo] ti=
23} wlzelo] STOIAE 4~5u ol =T 1 o]
Fole T vl vlg ek A0S B
sk o) B odFEzlEe] Ailel|Ai= NOD neonateol]
25 GAD65 2] wisleko] tZz-7¢] ICR mouse} Bl
g FEE Kotk 4ol HE A3 Fhdsle] of
ZFBch vy G wkE ofE HolFgich

B AlgellAlE NOD mouse®] #HAPF Alfslod
GAD fAzke] W-g wlaslly] wiiell NOD
mouse strain®] ZE ZZA XA Vel vkl
#4449 7FsAE wiAlg 5 glglov, Pleau 799 2
Pl NOD brainol|412] GAD65 3l GAD67 -84}
o] ware dlzgHt xeolRe] gle ZHoE Hol
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NOD mouseol|]2} GAD isoform2} ¥ Xjol= A+
AXolA BolsiA el Ao sa=dcth e
U, GAD65 isoformo| #|%ke] wlERAIE 2t ohe}
BulAlFL} delEole] AFEANE Exlffshe Aol
uhA gleme® 99} ke Y=iel Anr) ol2]dt v
et X2 e op]d & vke 7P A wliAE
T sk

wdl, W Al87s NOD neonateollt] GAD67 o
GAD65 #Z31A1e] whedztol] &3l xlo]7} Qloied]
ol#gt 4L GAD6T Hxizke] Hol=Ql mrputs
Zm7t GAD6S 74219 W qAl|e] Frbx] Zaiel|A
9] 714e] 7hssisict e}, ICR mouse$} H]i2s)od
2 u)] ICR neonater} NOD neonate Atolol] GAD652]
el edol] glojAl= felHel Xlolrt gl Ao Kot
NOD neonatedl]*]9] =2 GAD67 W&.2 NOD
mouseel412] GAD67 F32ke] Hol 4l shrpild &
Aol Zog FA=ch o] Hudslel Al wiebA|Zol|
A GAD67 Bl GAD652] F¥o] HIebA|Eoll42] GAD
FAZ 715 fRlell FeslckE vt 9o, GAD
isoform 2] o] HAAE}HE L] functional develop-
mentol] v}-¢- F8%F d¥E s}, NOD mouseoi|A]
GAD isoform®] dysfunctionel] 2Js}o] wlelEe] =}
27 vebd ¢ vke FAE 7ok AAlEel
412} GAD657} insulin £-8|2-g-3t o] 9l 7o)
gh= Bas? A EellA 2] GADS) o] webd]
29] 750l F23F g 3, o]} B¥e] g
wo] whm shae] 9lE  Urke A& AXsIch
3t NOD mouseoll4©] GAD-F4Ate] Hol3) Hi&]
okAlo)] thelod e wldn]-go] %2 NOD femaleoll
AJute] hormonal effectd) 75415 AREIG " o]
ol] dislod obzj7ix] g3 Az} Bslo] Qx|
o8 Aelolch

Zul22 712 mouseoll4 GAD isoform 2Hge] &
oAl oH2 humang o FARE AEE 313
sto] Hu¥l Aol 92} mouse ol419] GAD-FAA
9] odgo] human PR ohE + Sk Aolglth
Peterson 57 & GAD -32}12] Hldel] thsle] UHo)
Bzt »b QlEdl, rat ol GAD65SSE GAD67
mRNA7} 25 #HRATAFA 245} humang)

73-%0llt= GAD65 mRNATHE #4510, humanollA] 2]
GAD 317} whddo] ratth= gl Seldt o871
I Qrh= Ag uhEslgck 2% Mally 5% human
oll4 developmental stageol] whE lALAIE A 2]
GAD isoform o] oHdl 3 A EH GADES 4
A2}s] Wale] GAD67HLH WAl 2 A B
Baslgen] humano]4] GAD65 {Azke] uldio)
HAAEAE 2] developmentol] 238 HEHg- s)l= 7]
o2 AABIA) Y o] 58 Petersen £72] H 19}
+ 22| human isleto]] = v])gke] GAD67 isoformo| &
Ahehe e WAL, oleld Holt: A2pe] 4l
ol ALg3E 9igiol izke XjojollM Vbl Ao
B 3%s]eirt.

e, o)) A} 7 IDDM patientE thAke
Zojod 12 A7} oty7] wiFell NOD mouseo|4]
P35 GAD isoform §%19] Hol el Wl B4}
A o] Erlssidlon, old] dislel= e
2 vlaeTt Qolob & Ao Amsieh aenl,
humanel] glojA= GAD657} 4o)7]ol4 2] endocrine
development ¥at ofug} Ahd7)olaie] AAACAE
715RAlel 23k A ke AE ARIge gy
Holld 2133 GAD isoform®] 2|4 W}l Eoljle]
functional role-3 zf&elslo] etk

AEH 2 Z NOD mouseol| 4 GAD-§A= ] whs)
ool #e] ontogenyoll ule} o9 HolslAl Vet
™, 3 olefdl Whalel - Aol el A
ko A Alkfslda, olgidt Al glojAls ¢
2 &Y dyAnpl sivbasolol slAal, Holx
NOD mouseol]42} ¢ldloll4] whmd] wiQizl Heix)
GAD 9l/3Ae] o] ohE 4% ek AL AKX
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Distinct Pattern of GAD65 and GAD67
Gene Expression in the Pancreas of
NOD Mouse

In Young Ko, Ph.D. and Yup Kang, Ph.D.*

Lab of Biotechnology, Yuhan Research Center, Yuhan
Pharmaceutical Co., Kunpo, Korea

Lab of Endocrinology, Institute for Medicinal Science,
Ajou University, Suwon, Korea®

Background: Giutamic acid decarboxylase(GAD,;
EC 4.1.1.15), one of the major 3-cell autoantigens in
IDDM, is an enzyme which catalyzes the synthesis of
major inhibitory neurotransmitter, y-aminobutyric acid
(GABA), in the mammalian brain, pancreas and other
organs. Two isoforms of GAD, GAD65 and GAD67,
have been identified which differ in their intracellular
localization. Autoantibodies to GAD have been
detected several years before the clinical onset of
IDDM, implicating GAD as a leading autoantigen
which somehow correlated with the pathogenesis of
IDDM. We have determined the characteristics of
GAD isoform expression in the pancreas of NOD
mouse, an animal model extensively employed in
IDDM study, using RT-PCR and Southern blot
methods.

Methods: Pancreas was obtained from female
NOD mouse(neonate, 4, 8, 12, 16, 20 week-old) and
age-matched female ICR mouse. Total cellular RNA
was isolated by acid guanidinium thiocyanate method
and employed in the RT-PCR amplification using
GAD63- and GADG67-specific primer designed in our
laboratory. The PCR product was blotted onto the
nylon membrane and subjected to Southern analysis
using *p.ATP labelled hybridization probe.

Results: In NOD pancreas, GAD67 was expressed
six times higher than GAD65 at neonatal stage. Then,



the expression was dramatically decreased from 4
weeks when the pancreatic insulitis begins to occur.
After 12 weeks of age, both GAD67 and GADG63
expression was almost undetectable. However, in
control ICR mouse, there were no significant
differences between GAD65 and GADG67 expression
throughout the ages. And, the expression of both
GADG65 and GAD67 was not decreased with ages in
contrast to NOD mouse.

Conclusion: In this experiment, we found that the
expression of GAD isoforms in NOD mouse shows
distinct pattern in comparison to that of control ICR
mouse. The expression of GAD67 was significantly
higher than GAD65 in neonatal NOD mouse while, in
control ICR mouse, same level of GAD isoforms
expression was observed. This finding clearly sug-
gested the possibility that the expression of GAD
isoforms in diabetic NOD mouse is quite distinct and
may somehow play a role in the pathogenesis of
diabetes although the precise mechanism remains to

be unveiled. In addition, our data also supported the

hypothesis that expressional pattern, and, if possible, -

the etiophysiological function of GAD isoforms in
NOD mouse pancreas may be quite different from

that in human pancreas.

Key Words: Insulin-dependent  diabetes mellitus
(IDDM), non-obese diabetic(NOD)
mouse, GAD65, GAD67, RNA,
RT-PCR, Southern blot, ontogeny,
Expression
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