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Summary

It is generally held that one of the recessive genes controlling diabetes in the NOD mouse
is linked to the major histocompatibility complex (MHC). We therefore performed restriction
fragment length polymorphism studies of MHC (class I, II, and III) in NOD mice in comparison
with those of their nondiabetic sister strains, NON, CTS, and ILI mice which were derived from
the same Jcl-ICR mice. When a minimum of four restriction enzymes were used, class II and
III genes of NOD mice were indistinguishable from those of CTS and ILI mice but totally different
from those of NON mice. While NON mice expressed the E, gene, NOD, CTS, and ILI mice
appeared to carry a deletion in the 5’ end of the E, gene resulting in failure to transcribe the Eq
gene. When class I probe was used, CTS mice showed very different band patterns from those
of the other ICR-derived mice.

Unique substitution of Asp57 with Ser in the 4, chain is considered to make the 4, gene the
MHC-linked susceptibility gene. We therefore analyzed the nucleotide sequences of the A,
second exon in ILI, CTS, and NON mice. The DNA sequence analyses revealed that the 4,
second exon sequences in the ILI and CTS mice, but not in the NON mouse, are identical to that
of the NOD mouse. Taken together, these data suggest that ILI and CTS mice possess a reces-
sive diabetogenic gene linked to the MHC.

We also examined the difference of V; usage between the NOD mouse and the ILI mouse
spleen cells. No obvious difference, however, was evident.
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Ed 3RDHERIETFIEELTED, £D5HD
13hit HH2 2 HBE L T B ERHBHL TV 5D, E
Bg, Acha-Orbea/McDevitt® (¥, NOD = 7 2 ®
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hon=v R0 -4 52 =2 v vo DNA EEEF]
YREL, HERHLL., &5k, 2hd H-2 HiE
E-THRESHh, BEXKCEET S THROV S
& — Vs Vo2t 7OKRE%E NOD & ILI =% 2 TfT
WERET L 7.

HEEFE

1) =v R

NOD, ILI, NON ~ v = (3 A¥ERE v 5 —
THEF I h T3, ILI = o 2 3 mEBEHEL (ED
W) Xh#EEIRn.

¥, CTS = v A 3 #l+: CEHH) Lo
frE I nte.

2) RFLP #&#;

< v AMMRE L D E4SF DNA 218, = hy iR
HETUMHE, TDO20pg %74 e -RA¥ L TBKKE
L, Th&r4mev v 75y (7T=ven) F
L, P #1177 » — 712 T hybridize L7:.

7 v — 7% M. Steinmetz (Basel Institute for
Immunology) X h it X hic H-2EBHEK 2R »
F7Zmr—vXbBi® %7, WARL: @EREHR)
IV#EINIC =2/ 3 vy 2 72 v — v pLd4 1D
Xbaliwkb, 75217 r—F%BID,

3) Northern blot fZ#7

<= AEKRLD 77 =2 VR TS RNA 2 HH
L, D 20pg % 1.0% 7He—R/kA=) V5L
CTBEXBIL, 71 evAv 7S vEE L,
2P @ 77 » — 7 & hybridize Xg7:.

4) DNA EXRFIORE

¥ 7 » DNA X b polymerase chain reaction
(PCR) =X b, I-4; 2 =7 v v%HiE, pGEM-3
Z TH#EAL, dideoxy ¥z X b, DNA #EREEFIZTE
strand ®E L 7.

5) Vi MIZFRAOHEN

R X VBT =/ =N/ 7T =20V BRI &
RNA ##ilf, random hexamer # 75 4 = —iFH\»
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ThBRMLTERIRRLE Vil~V;319 kR
5 754 ~—, PMVB 1~19 & 3’ 5 4 =— MO3
CB T PCR ¥#fFot. ¥f, avie—nt
LT Ca D5 754=— (MO5CA) £ 3" 7514~
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T 5 K7~ &fT\, HiEL DNA OEEX1T
wle. Thb774=—%f\wic PCR T/ 30 441
7 ¥ THE IR R AR T/c%, PCR (3 2841
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1) H-2 RFLP f&#

(1) 75A1 H-2 REEF

NOD ~ v 2 (K9, Db) & *offigkRitlERHIER
fE<= v x, NON (Kb, Db), CTS (?), ILI (K¢,
Db) X2y b r—n & LToH BALB/c (H-29),
C57BL/6 (H-2%) #H\T7 5 A ;&% F © RFLP
B 2T ot Bl e —70REFEYN 1R
Li:. thbnse—7k 4O BESE, EcoR],
Bam HI, Hind III, Kpnl ¥\ T{FHhi- RFLP
DIEREHRFE 1 1TRL, FEM7c Southern blot DERE
ORBF 21K LI, 7r—7 1 (4p) XFHWT
Bohi-RERE T, NOD, CTS, ILI » DNA 23
o bhirh o1, NON 112 h bk Rt~ 7 2
LIz Rt -7 RFLP <% — v %7 L7%. BALB/c
1t NOD, CTS, ILI & Hind III, Kpn1 %\ F- &
EDHLRNc -7 RFLP %R L, C57BL/6 ix 4 fEDEE
KL TTRL»7 RFLP %R L7

7r—7 2 (Aa) Tit Hind IIl & Kpn I DZps
SRR L. DR, NOD, CTS, ILI, BALB/
c AL RFLP #;R L, NON iz hbn~<v 2k
X0t CS7BL/6 & 4 Risotc RFLP & —v %R L
tz. 7 m—7 3(Ep) Tix, NOD, CTS, ILI #34<
R U RFLP %#;5L, NON, BALB/c, C57BL/6 i1*
hZhMmBE®D RFLP <% —v%RL1.

7r—7 4 (Ea D5 7u—7) KXt/ r -7
5 (B« » 3 ¥ » — 7) Tix, NOD, CTS, ILI,
C57BL/6 7:[F U RFLP <% — v % RL7:. NON &
BALB/c XA U RFLP <% — v &;RL1A, o=
VADERERRIL > Tk,

(2) 7521 H-2 BiEF

7 721 H-2 ®{EZFO RFLP @gfficit, L&z
F o leader peptide, Cl, C2 il 7 r—7 (Fr
—~7L) LLTHW. K3cix, BamHI & Eco Rl
YHOCTBORIRERIWRLTHS. ZZTRDHN
k51, 75R17r—~712 K, DREFORS
3+ Qo BEF & % hybridize 339 #-, Southern
blot THL DAY FAKRHEINE. ZDke®, bhi
hixBohictRTns 52 1.3v F% NOD o%Fh
LHBL, % coincidence & LT#kL7:. NOD 7



%1 PCR fERLITT 4 <=—DEXREF

Filenanie Sequence

10 20
PMVB1 ACAGTTGATT CGAAATGAGA CGG
PMVB2 AGTCCTGGGG ACAAAGAGGT CAAA
PMVB3 CTTTCAGAAT CAAGAAGTTC TTC
PMVB4 TTATGGACAA TCAGACTGCC TC
PMVB5 GGAGAGAGAT AAAGGAAACC
PMVB6 AAAGGCGATC TATCTGAAGG CTAT
PMVB7 TAGTAACAGC GAAGGAGACA TCCC
PMVBS8 ACAGGAGGAA ACGTGACATT GAGC
PMVB9 GATTTTGAAC AGGGAAGCTG ATACT
PMVBI10 GCTTCTCACC TCAGTCTTCA GAT
PMVBI1 TCCTATAGAT GATTCAGGGA TGCC
PMVBI2 TTATGGAAGA TGGTGGGGAT
PMVBI13 TGCCCTCGGA TCGATTTTCT GCTG
PMVB14 ATTACTGTTG GCCAGGTAGA GT
PMVBI15 GGCATTTGAA CTGATAGCAC
PMVBI16 GGTAAAGTCA TGGAGAAGTC T
PMVBI17 GGAACAAACA GACTTGGTCA AGAA
PMVBI18 CGGCCAAACC TAACATTCTC AACGT
PMVBI19 CCCATAAACG GACATAGTTA CG
MO3CB GTGGAGTCAC ATTTCTCAGA TCC
MO5CA AGAACCTGCT GTGTACCAGT TA
MO3CA AGCTCTCTAG CAACCTTCCT CACA

PMVB1~PMVBI19 3= A Val~V3l9 hRiGis 5 754 ~—
TH5. MO3Bix~=w A Csl L Cp2 i Riyis 75 14 ~—. MO5CA
& MO3CA i3 A=V ACaD5, 3 754=—ThH5%.

Hybridization Probes

rH-2 Class 1l genesl

As2 A3 Ax E2 Ez2 Ea
. 3 {3 T ——0-3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (] 1 1 ] J
0 50 100 150 180 kb
Probe o B g &
5
u
3 — 2 4
Cosmid a1

1 )24.2 L 132.1
K1 H-2 7 5s2IREFHERO#R L RFLP #TicBvbhic S v —7®




£2 7720, H2 7r—72A\\TBbhic RFLP @FOfRE

Probe 1
Mouse H-2 Eco RI Bam HI Hind 111 Kpn 1
Strain
NOD g 6. 62 12.5 2.7 6.4 5.5 1.9 13
NON b 7.0 9.6 2.7 2.3 8.2 >30
CTS ? 6.6 12.5 2.7 6.4 5.5 1.9 13
ILI g 6.6 12.5 2.7 6.4 5.5 1.9 13
BALB/c d 6.6 12.5 2.7 6.4 2.8 1.9 >30
C57BL/6 b 7.0 9.6 2.3 8.2 4.7 >30
Probe 2
Mouse H-2 Eco RI Bam HI Hind III Kpn 1
Strain
NOD ¥4 11.5 6.0 11.0 11.0
NON b 11.5 6.0 6.1 2.7 15.0
CTS ? 11.5 6.0 11.0 11.0
ILI r'4 11.5 6.0 11.0 11.0
BALB/c d 11.5 6.0 11.0 11.0
C57BL/6 b 11.5 6.0 8.2 1.3 23.5
Probe 3
Mouse H-2 Eco RI Bam HI Hind III Kpn 1
Strain
NOD g 2.1 13.0 8.0 23.5
NON b 2.1 4.8 3.1 15.0
CTS ? 2.1 13.0 8.0 23.5
ILI g 2.1 13.0 8.0 23.5
BALB/c d 1.9 5.5 8.0 15.0
C57BL/6 b 2.1 13.0 8.0 10.5
Probe 4
Mouse H-2 Eco RI Bam HI Hind III Kpn 1
Strain
NOD g 8.4 3.0 7.4 7.0 7.2 8.6 3.0
NON b 9.6 3.0 7.4 8.1 8.6 3.7
CTS ? 8.4 3.0 7.4 7.0 7.2 8.6 3.0
ILI g 8.4 3.0 7.4 7.0 7.2 8.6 3.0
BALB/c d 9.6 3.0 7.4 8.1 8.6 3.7
C57BL/6 b 8.4 3.0 7.4 7.0 7.2 8.6 3.0
Probe 5
Mouse H-2 Eco RI Bam HI Hind III Kpn 1
Strain
NOD g 7.6 5.6 8.6 3.2
NON b 8.4 6.2 9.0 4.0
CTS ? 7.6 5.6 8.6 3.2
ILI g 7.6 5.6 8.6 3.2
BALB/c d 8.4 6.2 9.0 4.0
C57BL/6 b 7.6 5.6 8.6 3.2
& Fragment sizes are in kb.

FAIR X3 5 % coincidence |3 NON (88%), MR B .

CTS (39%), ILI (90%), BALB/c (57%), C57BL/6 () 752 Il H-2 BETF

(70%) TH b, ILI %% NOD 7 5 x 1 RFLP & 7 3 AW RFLP %f@#i+5%®, bhbhit7 e
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L 7 r—7 3 (Es) %\ 7z Southern blot
T

K3 75x17w—7 L% A\ Southern
blot f##T
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ik Rt o<1, CTS & ILI»2 NOD & [F U RFLP
S x—v%RLI. LA L, NON (& BamHI Tfs &
Rirote RFLP <% —v%RLIC.

K4 75AM7r—7 8%\ 7= Southern
blot f#¥T
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% Bt

BALB/c % % 0t C57BL/6 (32 h ZhihiH » RFLP
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7 5 AMBETIRRD 4 7 V=TT B ENTE
#-. ®NOD, CTS, ILI, @ NON, ®BALB/c, @
C57BL/6.

2) 7521 H-2 BREFORHE

NOD & NON =vxn 7 5 ANBETREA %
Northern blot iz X b fi#Z#7 L, 5 L7. NON
- AL 7 T A DRIET, Aa A Ea Ep
B FNTRELTVIA, NOD = 2k E« BETF
ORENBD b ole. O, NOD =72
3 E iR MRETECRELEVWEEL b h 5.
NOD =¥ 2D E« EEALOBEHEYRICHBF L.
C57BL/6 i3 Ea BEFO 7rE—X 008 1=7
VY viehiFT 627Tbp BAREL THE Y, Thick)
Ex OEENMHEIEI R TV 39, Ea D 5 7r—=7



K5 NON, NOD = v Az k13 % Aa, Ap,
Eq, Ep#{5T 3B (Northern blot ##7)

(Fm—74) % {# 57 RFLP f@##fic X b NOD 13
C57BL/6 LU RFLP <% —va R L7 (E2).
ZDZ &ix, NOD 2% C57BL/6 L[E U % 4 7 DifiE
FREZXHED, 0D E« BEFOEENHIEI R
TWATRERERET S, ZDfcd, C57BL/6 D Eq
BIEFCRELCVWBHEBEOBETFE S —74 XD
#fHL, Y»—76 &L, Southern blot T\ 7.
R 6wRT X5, 77 —7 61 NON, BALB/c =
Y AT 4.0kb Kpn 1 Sv v &#H3 % 2, NOD,
CTS, ILI, C57BL/6 Tit v FEBRHETEeh ote.
2%¥h, NOD = v 22 L T CTS, ILI =¥ 23}
C57BL/6 LD X 4 7D Ea BIETFREXBEEL,
DD Ea BEFOEENHIEIRTWEEELD
s,

3) A #2=7 v v o DNA HERF

RFLPf##ric X % &, NOD, ILI, CTSizRU 7 5
21, MBEFE2EEL, NON izchs L1zl s
BEFERAL VD EIRBRENRS. L2 AHT,
NOD = v 2o I-Ap SBRT I3 K E 5 % &
L, ThoBRRRBIEORZMC ST 5 & OHEH
BHBP. oD, BERFIEREMER H < 7 3,
CTS, ILI, NON @ LAz 52 =27 v v OEHKEF|%
WEL, NOD ozh gL R7exT X >
12, ILI, CTS » I-4p 2 =7 v v OEERIN,
NOD oxht£<{ALTHY, NON xzhb=v
A LRI HEERTIZ R L.

4) NOD, ILI =¥ 2 @ THifav €7 % — V; &

K6 Fr—76% Kpnl »F\ 7= Southern
blot ###7
fGFVAALT

NOD & = ofiikRff~ v 2 D H-2 B{EF DN %
ToTELY, THEAVES 2 — Vi i Tczo
H2HFC LY, BIVADOREREYZFHC L1555
hTw510 THIIZE R, NOD DR ADORIER
HEEAHEYRICL TS,

ChboEHIID, bhhbhiiTHRE Ve BEF
DOFIFRTCOWTEYT Lc. NOD, ILI 3 X O%ZD
F1 = v 2Diila X b & RNA %3, cDNA #{F
B, Fl1emli Vel~19 tBEMHLTS( <—
ECrATHTvFEVA S 54— B W
PCR %#fTofc. avirr—n kLT Ca RFERKICH
BLi. 3 754 =—% %P T5 KpE#HT AL
kb, HiEk BEXEKBL, A-+504+7574
4 =W FREL e (K 8). ZD#H, YL I AviR
PFOHL, BEEEELRIELR. Ve v FD cpm
% Ca v F®D cpm THRT ZLic X VHEL, Vs
1~19 o &ft% 100% E1LT, % Vi D % #EL
. ZTORER, MO9WRRLA X5k, NOD, ILI % X
U%0 Fl = v 20 Vi BEFRECEZ k%
BRDLNITh 5T,

£ =

7521, O, Il H-2 Fv—7LEE4EEDOH
[REEE % VT8 5t RFLP ifoEREY &5
K 10 iRLT.

7720, M7 r—77Tix NOD i1 CTS, ILI =
v ALRL RFLP <% —v%5%EL, NON zzhbd



6
— His
ILI ACCGCGTCCGTCCGTCCGCAGGG/CAT
CTS
NOD
NON

Asn
AAC

Cys
TGC

ILI
CTS
NOD
NON

Tyr
TAC

Arg
CGG

ILI
CTS
NOD
NON A-= —--
Asn

Gly Glu
GGC

ILI
CTS
NOD
NON

Tyr
TAC

ILI
CTS
NOD
NON

Thr
ACG

ILI
CTS
NOD
NON

ILI
CTS
NOD
NON === ===

=7

CTG

4
G/GTGAGCGCGGCGGGTCCCGCGGGA

he Val
TC GTIG

Ser
TCA

GAC
Asp

Glu
GAG

-C-
Ala

Val
GTC

Pro
ccc

Ac-
Thr

AG-
Ser

ILI, CTS, NOD, NON =vx D I-Ap 2 =7V vOIEERT]

ZENE PCREFEAIhIc/ SA~—%FRT. Fyva (—) RILIDEELA—THHZ L%
Tt TI/BOBBRINKORFOT I /B LHRES.

Liz4{ Bits RFLP % —v#&RLI.

7 5% 1 RFLP B§LTix NOD &l b8\ D
3 ILL =v 2 Thb, CTS = v ANFELIRE T
1.

NOD =y A I-Ap 3R s EERTIZRL,
ChYPERFERECEETHLRBEI h TV %Y 1
», = OiERHFK CcE L I-As RFLP %R CTS,
ILI @ I-A; DIEERFIZRE L. £OMKR, L
CTS =v 20D I-Ag 2 =7 v voEXEFIIZ NOD
= ADFREFALTHD, NON Rt hb=v R L
R HEERTIRR L. NOD v v 20 I-4; 8,
56, 57 &E O Pro-Asp » % His-Ser E# L
THh, CThABERBRRECHESLTWBEEXLR

39, BA IDDM Tt =y A 4 Y4 T+5
HLA-DQ; 8™ Asp 57 %% non-Asp 57 @E#L T
WBZ ENRHEBRTWBY, oz kkh, NOD <
v A I-Ap ic$s1+% Asp 57—Ser 57 O BRI BERK
RECHETALELONS, Bill, Miyazaki 512
BEF VAU ==y 2 NOD=Y AT [-AK(AkARK)
wREIRICLEES, BBRORENHIEZhDZ L
#Wpt-. Lnl, Zo& ¥ I-Ap © Asp 57 % Ser
57 BH L TLRERDOREOMIE X fRER S high
ste. ZOZ Lik, NOD o%Rir -4 B RIC
Bi53 545, Asp—Ser 57 0 1 BRIEDOBHMIIEE KT
MEBLI\ - ERRT.

¥, 15 VAY==v 27 NOD =9 2T, I-Eaiit
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BTFERBILD L, BELEHIETESC ENHE
RT3, ZDz &, FE BEFORBEREHN
B RRIEC BT 2 LU BETO—-DEEZ LIS
T EERET . bhibhit NOD @&t 3% 0k
R CTS, ILI =7 23 C57BL/6 =¥ R LRI U &
470D Ea SBIZFORKD DY, Zhd -Ea &S
FORBEEZMIELTWBZ &R L.

HEXY, H2/ZHEHL - BRFRRIERE T OB
& LTk I-ApNOD SRIETF & I-Eo SBIZFREAR LN 2%
Foh5nnd, NOD Ok RfHERFIERIE~ v A,
ILI, CTS % NOD ~ v & LAtz W HLRETFHILE
LTWe®, zoz i, zhb=vAd H-2 T
HLUCERRRECHEET 2 S5 EETFE T CREE

e \IB-CB
'5 6 81117

| . VB . .
ILI = v 2 il 518 57z cDNA %
Wiz PCR

VeCpix V5’ 754 =—& C33 54 =—%
AWTBbhic Y F2RT. £V— VYO TR
TEFIFERLE Vi 754 ~—%5FT. Co id
B I NI 5’ Ca 754 =—L 3 Co 7
SA4~=—THbhi Ca AV F.

X8

LTnwbZ Exmkts. bhbhil, Oz v
AT %7» [ILIXNOD] xNOD ~ v 212 X 33 fE
BEfTotc. TR, 62% D~ ANKELYE
L, Thix H2(272) LHEFELLVEWIER
ZHRT5B. ZofERE, ILI & NOD = v 20T
1%, H-2#HH LR 1 OSHRETH KE K RIE
552 ERRBL T3,

2%Dh, ILI =y ARBEERCESE TS H-2 It

ENOD
111 AR
EAF1
Vv
b
e
it
a
42
%
K9 NOD, ILI £ %0 Fl =y A iklF? V;

BETRA

£2D Vs D % 13.Ca AV FRE>TRHREXA
e Veepm 2 X s THEBRT.

Class I Classlll Class |
Ag Aa Ep Ea Slp=C4 imiarny
NOD L [ Hy | { | I 100
ers | o — 1 I § s
LTI T ¢ | |

A\ NN\

K10 7520, I, I H2 Fr—7t 4fMOHIRERLHA-THB LR

RFLP f##fio % Lo

[—J:NOD o RELP, : NON o RFLP
B : BALB/c © RFLP, [ : C57BL/6 o RFLP.



L SERETFYECEETH L E%RT 5.
BREYIIZR- TRV XD LA T2,
MRh T H-2 fiIEC X o CEF AR ERILS
ZEHEMHNTVWBI, 22T, H-2 fIERXRIER—
D NOD ¥ ILI =y AR HFATHRAV S22~ V;
VARMTZTEDOWTPCRTRA L. £OfEHE, NOD
LILl=v2D Vp VAT REBEERZIRDLN
ot TOZ ki, NOD =Y A\ TREE K
Y| ERTHEIIR Vs vt 7 OEMRORENF

FELR\Z E R ERT 5.

BEXD, ILI=92A38RE (FEK) RECH
ET 25U RETOS b, H-2 CEHLICRET R
CRELTED, fhokMmoSRIEFERITT S
DRERAL=vALELZLRS.

® B

IDDM o F 1B e LTabh T % NOD <
v ADERIRRIEIIE 3HOLUEREGTFHEFL Tk
b, Fodho 1t H-2 c#EHEHLTW5. bhbh
13 H-2 B L ERFRER BT RRET 5100,
NOD -~ v = & 2Dk RHERRIERIE <~ ¥ A,
ILI, CTS, NON plt##af 1T »7%c. RFLP@&ific
IhiE, 7721, IHREEFE NOD, ILI, CTS R
wENILL, NONiZzh b=y R LIZRiR- T
X, DNA #H#EFI¢H NOD =~ v AR E 2 h
5 LA 2=V v o7z CTS, ILI 0ok
F—T®H-t. NOD wgZ»bhs I-E REET 5’ K
Wokskd CTS, ILI =v2i@dbhic. BlEX
», ILL, CTS = v A IERFRRIERIEZT OO H, H-
2REHLIDOEETHEE L T B ERITRE
hic.

Ibk, THMEAVvESs2— VL 2r7KREL,
NOD & ILI =% 2T PCR ¥z X h i L=\l E
DR EELEZRRD BRI, o,

b3
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