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1-1.F&#

RYT7IVE, AMICEEMICHFEAET DEREEREY I THY B
—k T IrE 2o ELD (EH) BUERRILKFORKTH D, £
KHNICBWTEH, EE LT 2 M TFArorT Ly

[ NH2(CH2)sNH: J (PUT) . 38 fli # & 4 > ® 2 AL I ¥~
[ NH2(CH)sNH(CH)4sNH:] (SPD). 4 ffih &4 > ® &2 X)L I »
[(NH2(CH)sNH(CH)sNH(CH)sNH:) (SPM)?» 3 FMEMNFEL TV 5
(Fig. I-1), AU 7 I 3AEENIZB W TIZTEL LT RNA &4 A /EH
LTHFAEL, RNADOHEZLEZl SR ZIFT LT FEOEBRHE DR

WAERRLULCTHHE L., Mol - SibicdE 5 L Tnbd, [1,2]
NH
Hﬁ/V\/ 2
Putrescine
N NH
HZN/\/\/H\/\/ 2
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H,HN H H
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Fig. I-1 Structures of polyamines

NMDA (N-methyl-D-aspartate) &MWL, FRMRERIC I T 5
BT T ABELZHIIN I I VEBZAEERO - THL, 7 VH 3
VBREBIE, AT TF XV ERNBR LT v XAV E I VR
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BERE GEALEHELEMAHF 7 LY I VEBEZAERKICKI S, Hx
W% OV T X2 A4 THRFEHET S [3-7T], NMDA /KL, — M7 r
VE I VBEZRERNERT S NaticMx T, 2 fiohF4+HThHDH
Caztitkf L ChmWZaMEZH 3 2, NMDA X EKOF v X /LB 1 I
T, 7I=2RAPTHLINVEIVBBEIOT U Y OFEICMA . M
FaE D Wi or fic X 5 Mg2t PHEE NS OMENALETH D, K HH
IZEBWT, %y T 7 A TD Ca2t-Calmodulin dependent kinase
OOEMAERBHATHL Z L, E Cazridi k2 R34 NMDA 3
REOMEREICK T2 EBEENRBIND, 2O XD RRFEMHIZLY

NMDA Z &KL, iE, FHE oML XL TcolELEExohTnd
VI T AR MEIRERE~OENER I TE e (8], A&
ENIZEBNTIEFELZZ ) Y UREHMANFET D GluN1L B LB, 7 v
B UG EALNFET D GIuN2 (2A-2D)D 7 2= v M B{FEL,
FhEMAS N RmfERIC K& 227 I/ BE 4% b > R-domain,

TIA=ZARNTHLIZINVEIVEBBIOZ Y RS 7T %5 A-domain,
i B 5@ fE 8 C & 5 membrane domain(M1-M4), #iJd N @ cytoplasmic
domain 2> LK S LT %, GIuN1 & GluN2 2% M2 fH ik %2 B v B e
o~ e 7 b I ~v—%HKL, F¥yx LA EHHELTWVD

(Fig.I-2),
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Fig. I-2 Structures of NMDA receptor.



GIluN1 % 7 === v MIZIX 8 FEFH @ splicing variant 23 1F1E L . GluN2
Y7 2=y MZiE 2A-2D © 4 SO EE T BFET 5[9-13], GluN1
Ta=y MIMEERICEBE L TWS0IZ5 L, GluN2 7 2= F®
FEBINIM OO A WRRIC LY 2725, GIuN2A, GIluN2B 3 i #H
JRELPAICREBLL TV D OICR L, GIuN2C 13 /)N FE k7 0 B (C J8 B L
GluN2D FlE TR A ERDLNT ., 5 HICHEBL T 5 [14], %
Y7 2=y b OBEEITENBE TSRS XV S, GluNl B &
N GIuN2B @/ v 7 7 7 b~ A 3EHTSICELELT DDICH L,

GIuN2A ® / v 7 7 7 b~ ATIEEIMEICITEENRD LRV,
SEERICEE WS CA1 o EWHEBICEENLLNTZ, £72.

W CA1 KO GluN1 B L O GIluN2B %/ v 7 7 v L~ RIZ
BWTHREERICEZENRED bivk[15-18], 2o Z &5, NMDA
SRBITERICKLHATHD L EHIC, BEFERICESBELSELTWS Z
EMRBINTND

NY T I T MR E R TH D MR R A IR 2
KEENTWVL DD, ML ZFIET D, FHRRRICE VT SPM (X
S AR N B R S dv. By AR (-20 mV)IZ1E NMDA % & K
O N REHA~OFEAITIKAE LIREER, #FLEEM (70 mV)TIXE
MARGFH T vy x 7oy 7EMZHT 5, NMDA = % (KO TE %1%
BRax R ABEEMEICE > TEBICHEI S TV, RZEERY 7T
V. FFIC SPM 28 NMDA Z FIKOIEEREZFHH L TVWDHZ L E245FT
WEL C&/[19-23], £/, SPM 2 L2 RHEDRICEHET DAY
A MIZM AL N K fE% I & 5 R-domain (2 F{E L [24,25], SPM |
LM EMEAICEET 5201 NMDA ZHFEKOF v 3V FLEEKICHE
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LTWHZ EEHLNICLTER[26,27], S HIT, FAEIXT I ETIT,
SPM OREZKIZTF ¥y 270 v B —ORIFEEZAT 5 R T, @ EEN
%-100~-170 mV (2T 2 &RV T I VFEEOT a v 7 EHBET T
52 L RONEDRIINEIT GluNL O F v RV R 7 FEIC AL EST 5T
NF =KL (NI ICERN AL EHETHLIFELRAB LTS
(Fig.1-3) [30], T 7bbH., AU T I3 NMDA LR KEZHZiET 50|
REMENN B 2 b7z [28-32], ABFFETIZ. NMDA ZAERNBARY 7 I W
VIABRBEZARETHNEIDET 7V Y AT VOIRRME, BXY

HEK293 fifa 2 F W CEEMIc /st L7,



TB-3-4
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Igarashi K., et al. THE JOURNAL OF PHARMACOLOGY
AND EXPERIMENTAL THERAPEUTICS (1997)
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\comrol 1{(nA)
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Fig. I-3 Permeation of TB-3—4 through mutant NMDA channels.
I-V curves were constructed by voltage-ramps from -185 to +40 mV
(see inset in GIuN1/ GluN2A) at cells expressing GluN1/ GluN2A ,
GluN1(N616Q)/GluN2A and GluN1(N616G)/ GluN2A receptors.
Responses to 10 pM glutamate (with 10 uM glycine) were measured
in the absence (control) and presence of 0.3 mM TB-3—4. Leak

currents have been subtracted.



1-2 ZBR G

1-2-1 NMDAZFHE I v—v

AW Tl rat GluN1 7 m—2 & LT, exon-5 D 21 7 I /&K
Wiz GIluN1A N U 7> bz HWiz[33]l, 207 m— T EE L
(Osaka Bioscience Institute, Osaka, Japan) X VD < FEEL CHEW
7z, £72. rat GluN2A Kk O* rat GluN2B 7 =7 — > |3 P. H. Seeburg
fii -- (Center for Molecular Biology, University of Heidelberg,

Germany) X 0 R<GEE L CTHWZ[34],

1-2-2 JRRMME ~D NMDA SRR E L BALE €&

RY)T I OFZBBMEEZHRHFT T XU TORREAIT 72, MO KT
TV AT, RASHEEERBWELTASWA L,
NMDA Z &E K » GluN1 B L O GluN2 @ capped cRNA @ # 5 RNA
O 3EN, IFREM R o G 512 Williams @ FEIZHE - 72 [35], JFREM AR (2
I GluN1 & GluN2 cRNA ® (78 1:5 (GluN1;0.1-4 ng, GluN2;0.5-20
ng) WXL T 7V AV AT VIIRMRICIEAT D Z & T,
NMDA R ZHBEL -, SRKROIEEREIXEBEMEEEZH W, &
e o M FE o i I CEE A7 [ E B hE 28 GeneClamp500B (Axon
Instruments, Foster City, CA, USA) #fiH L7z, &Mix 3 M KCl T
iz L, RHUE 0.4~4 MQ ® b @ & /]l L 72, #lE Tl Ba2+-SOS (100
mM NaCl, 2 mM KCl, 1.8 mM BaCls, 10 mM HEPES, pH 7.5 ) T
BHIZER L, 2 OHAE, Ca2tlic k> Tl Z 5 ClOEBEREZR 72
(2. IE R I K-BAPTA(L 18 0 I8 RE M IC > & 40 mM K*-BAPTA %
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100nl) # O REMIAICIE A L72tk, MEZIT o7, NMDA Z&EEKDIE
MALIZ 7 =2 R THLZ IV EZ I B GlwB X7 Y v (Gly) %
SOUM ORE TG T A5 L TITWV, ERBICHRN-ZEREL W E L=,
AR IZEWNT NatOROVIZKE D F A OFdMEZ BT 5 BRI

Ba2+-SOS IZ & £ 2 NaCl (R H&IRE 100 mM) % . A F > FfE2HFiR
b X OfEAx OREDO Ca2* TRV 7 I U IC@ER LI-ERRKRZ W
U, BARMIZE, 20 F 42 o Caztid 50 mM, PUT (2 )i
50 mM. SPD (3 ffi)i% 33.3 mM. F7zi% SPM (4 ffi) 25 mM & 72 % X
INCENETNRH L 7=, o777 — %1% Digidata 1322A interface
% AT pCLAMPS (Axon Instruments) 12X > Cigék L 7=, I-V I —
T OERKIL, -150 mV » 5 +50 mV £ T 25 B LL 2 TREREAYIC B E
B2 BT M 2EROLMMEZRET DI & TITo7, ZDOE. Glu,
Gly HGETTCHEEIT /R %, 10 uM Glu, Gly =1 2 THIE %
TToTMRNOELILK 2T, KW iEHAE IV h—7%ERLE,

1-2-3  GluN1, GluN2 EASIRMAZIZIR T 5 SPD I L Ot CaztD i
GluN1 £ X ' GluN2 @ cRNA % Lo HFiE I TIPREM I ICE A L,
HEA% 3 HRIZ SPD B8 X O Ca2*d kG 2 Jl & L 7=, 5 5 © JF £
fd % 0.2 mL @ NaCl #&# % (HEPES-KOH, pH7.4, 135 mM NaCl,
10 mM Glucose, 30 uM Glu., 30 uM Gly)iZ\ +, 30°C1043 7 L A
FaX—var Lz, kxR E o [14CISPD (9.25MBg/mmol) X 1%
[45CalCaClz (46.25 MBg/mmol) Z %M L, 30°C, 60 70 A v &% = <X —
Varille,AryrFaXx—Ta % IR A 5mM SPD Xid CaCly
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%1 2 mL @ cold NaCl ik 12 C 3 B L, 5% TCA % 0.2 mL
WU AR A R L7, TCA ¥, 0.2mL @ 1M NaOH % W\ T
GRREM I 2 rI¥sfb L2, 0.3 mL 2k v FL—var v ¥ —
WHE L2, # o X7 B E®IT Lowry H O HiEICHE » THT » 72361,

[14C] SPD X i%[45Cal CaClys ® iGN HEA'E (1 mg)d 72V 1Ml
N~V IAENTZEXEOEZF T L, Lineweaver-Burk 72 v k% f]

WT KmfE. VmaxfiZFH L 7=,

1-2-4 HEK293 #ifa% H\72 NMDA ZAXABICBITARITI VD
mEEE O E
1. 79 23 FoEH

pcDNA3.1(+)-GluN1A O ERIILLF O Y 17 - 72, pBS-GluN1A %
HindIII 3 & O NotI THEE L, GluN1A {5+ (K 4 kbp) & 1K@l 5 7
o —ZAxHWEERKBEIZEIDpEEL, I L%, Y =
=N BIR Tz — s T raRLAERTHE%,. pcDNAS.1 (+)
DFETCH A MZH AL,

pcDNAS3.1/Zeo (-)-NR2A O ERLZLL F D@ Y 7o 7=, pBS-GluN2A
% Eco52I 3 X " EcoRI T. pcDNAS3.1/Zeo(-) % Notl 3 X " EcoRI T
B L 7-% S o7 DNAWA 2 1A L RIERICIKRM AT e — X EX
UKENEIC LV Bt L ., Al L7z, fliiH L 72 peDNA3.1/Zeo(-) (K 5 kbp)
IZ GluN2A &5+ (§) 5 kbp) & #i A L 7=,

pcDNA3.1/Zeo (-)-GluN2B O fE ® LI F @® @ v 17 » 7=,
pBS-GluN2B (¢2¢2B)% Sall $ X ® EcoRI T. pcDNA3.1/Zeo(-)iZ
Xhol 8 K OV EcoRI TALE L 7=t4, 367 DNAWH A & 1A & [FERIC
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KA 7T T — 22 HWEEKIKBIECIY oL, il Lz, il
L 72 pcDNA3.1/Zeo(-) (¥ 5 kbp)iZ GluN2B &z 1 (¥ 5 kbp) % i A
L,
2. WEEA

HEK293 fifa 1X. 10% 7 R fiE. 100 units/ml X=U > G,
50 units/ml Wil X N L 7 F <~ A v % & ¢ DMEM &% # T
95%air/5%C02, 37T CDO%M FTH#%E L7z, NMDA Z RIEKEE T DOF
HEAIUTO®@Y Tz, 1x106ffaz R Y -D-V A L7 6 ¥
VT 4y 2 IR L, —BiEiE Lz, GluN1 & GluN2A X% 2B
Z1H5DEAETHMLE2ug DT 7AIRDNAZY R T =27 X I v
2000 # HWCIREEA L 7=,
3. M A IE PR

BEEHEANLZMEZ 1 mL ® NaCl %@ i% (HEPES-KOH, pH7.4,
135 mM NaCl, 10 mM Glucose, 30 uM Glu, 30 uM Gly)iZ 41, 30°C
10 37V A4 vFax—var Lk, ka2 Eo[14CISPD (37
MBg/mmol) Z¥/M L., 30C., 60 WA v Fax—va Lz, £
Fa_X— g %, MilE 5mM SPD # & % 2mL ® NaCl buffer)iZ
T3MmPFEH L, 5%TCA % 0.2 mL iFMN LANI 2 i # L 7=, TCA AL

#%. 0.2mL ® 1M NaOH % H W THNREM I 2 v #fk L 72#% . 0.3 mL

B TF v —var =i Lz, U XTI HEEREIX
Lowry & @ J7iEIZHE - CT1T - 7=1[36], [14C] SPD O LiEMEN S EAHE
(1 mgdb/ Vi CHMBAN~TYATFNZEEODEZ2HEHL.

Lineweaver-Burk 7o v F 2 HWT Kmfi. Vmaxfi =% H L 7=,

11



1-3 R

1-3-1 I FAFUFBRICEZ2BEHROHIE

Ba2+-SOS (& £ 5 100 mM NaCl # 50 mM PUT X/ 25 mM
SPM ICE# L7 2 A, Nat¥IRICH T 10-25%7F2 & D & it 23 it 41
7= (Fig.I-3), — 7. 33.3 mM SPD Tii#l L =#E @ik T, Min 5%
i &2 PUT 8 £ OV SPM IZ R T % < GluN1/GluN2A % % & Tl Na+
E R L TR 65%, GluN1/GluN2B 52 &K TIE K 85% D Bt S it v 7=,
iEo#if v, NMDA Z &KL 3MihFA Thsb SPD 2#E %N

IRV IATL Z EBRB I T,

I-VI—7%H\WT, 50 mV 7 5-150 mV ~ & &EEZ2 L &8 72
Wi s\ E%Z ., Nat, Ca2*B X OERY 7 I T L 7oK
T ~7= (Fig.I-4), T OfE %, SPD TH#H L /-#EEiK TlL. -20mV
D it 53 15 AL D> B -70mV O 1k J5 AL D JK VN EEAL O P IS B T
GluN1/GluN2A % &K% L O GluN1/GluN2B Z &K & b2 Nat+ [A
HFOBWMMPIMND Z ERHALNE R ST,

-70mV O F IEPEEAL TlX, NMDA Z &K DO F v 3V fLIL Mg2+ic &
D7my 7SN TW5SHI37,38], 2 C Mg2{F7E FIZBIT &0 F 4
> D F M & 72 (Fig.1-5, Fig.I-6), Z O 5%, NatiZ X 2 E i
Mg2tiRInic £ v 90%LL EHFE SN, —FH., AU T I B LDV Ca?t

CXDBIRTIZ, Mg2IT L D2 HERRIL 3~4 HIFRE CTH VY Na*tiz
THWI EDRHLNE R ST,

12



1-3-2 JRMIMIC R B S 87~ NMDA &K ® SPD £ X O Cazii kg

GRREAR AL I R B L 72 NMDA Z A KN E# SPD Z Bt idde/n & 9 M
O PICT R LT OREEAT o 72 (Fig.I-7). NMDA % &k % 5 8
SHE IR Z 30 pM Glu. 30 pM Gly. [14C] SPD (9.25MBg/mmol)
XX [45CalCaCls (46.25 MBqg/mmol) # & ¢ NaCl # ik (0.5mL)IC
A, 30C, 60 b4 v FaX—v a3 L, £0O/E,
GluN1/GluN2A £ £ " GluN1/GluN2B % ¥ 8 L 72 JF & i T 1%, SPD
DIRERF BV IALNEDO LN, Km ERXRZENZEFH 2.2 BXLY
2.7 mM. Vmaxfai% 6.3 5 X O 14.9 pmol/min/mg protein T&H - 7=,
SPD ® Y iA 1% GluN1/GluN2A £ v % GluN1/GIluN2B 23 ¢ 712
REMoT-, —J7. Caztt, SPD [FARICIEEKIFEN 72 Ca2+tD LV 1A

2% 54, GluN1/GluN2A K ' GluN1/GluN2B @ Ca2ticxt+ %
KmfEIZZh N 4.6 BLV 3.3 mM, Vmax fEIE 13.8 B LV 12.2
pmol/min/mg protein T&H - 7= Z & 75 . SPD % Ca2+ & [F 2 NMDA
ZARBRICE TRV IAEND Z ERHLMNERS T,

WIZ NMDA ZAKIC LD SPD Y A kA 2 38~ 7= (Fig.I-8),
GluN1-GluN2A ¥ L O* GluN1-GluN2AB (2 £ % SPD Ht v iA Z (%, Ca2+
Q2mM), XiZF ¥ xhr7 ey —ChdbArF o (10 uM)Z RN
HZ & TR BO%MAFE SN2 &2, SPD L Ca2t & [HAkIC NMDA =
BEOT v XV fLz@id 22 &N RBINT, BiZ, NMDA Z &1k
2k 2% SPD MYV AZIET T=A M ThH 5 Glu BL O Gly IRTFEH TH
LT EDBHLMNE RS T,

13



1-3-3 HEK293 M iIc % Bl S &7 NMDAZAEE D A~V I U V% iE
HRMAIC BV TS NMDA Z &K% SPD 2l 0 iAde /& 9 & il
RHEED, LTOMREEZIT->7-, b MEEE MBSk HEK293 #i i iC
GluN1 + GluN2A %72 /% GluN2B ¢cDNA # B EHE AL THE L%,
30 pM Glu. 30 uM Gly } Ut[14C] SPD (37 MBg/mmol) # & #» NaCl ##
B < 37C. 30 014 v F =2~_— 3 L7k, GluN1/GluN2A &
GluN1/GluN2B (2 SPD BtV iAA D Km EIZZn i 3.3 BL WV 4.2
mM ThV MR THONTHREFARETH >, Vmax &
526, 250 pmol/min/mg protein T& - 7= (Fig.I-9), GluN1/GluN2A
Bl W7 HEK293 MildicdiF 5 SPD BV iAA D Vmax fEH D,
GluN1/GluN2B L v & @ -7/ M & LT, GluN2B o % Bl »
GluN2A O RHL LV LIRWATEENZ 2 biv/c, SPD IV AR T T |
MR ER TH D 10 uM CCCP (carbonyl cyanide m-chloro
phenylhydrazone)iZ X » THHE N7 Z &6 NMDA ZFKIZ LD
SPD OV IAAIXEEBNMIKFHN THLZ NI NTZ, £7-., SPD
YA Z20E Mg2t (1 mM)FEE FTITIZ E A EEEE 5 T o 7208,
Ca2t* (2 mM)GFHEFTIEHELIHESNTZZ E D, SPD BV A A
Mg2HiZ T 4 % 173, Ca2t& FER 2k T NMDA = &K % @ is

52 LN RE®B S (FiglI-9),

14



GluN1/GIuN2A

s ] [
SOOHALJ J

10 UM Glu+Gly

GluN1/GluN2B -

i \.,../- ./
500 nA
1 min
10 UM Glu+Gly

Fig.I-3. Currents through NMDA receptors expressed from
combinations of GluN1 and GluN2A or GluN2B. Currents carried by
Na+ (100 mM) or polyamines [50 mM putrescine, NH2(CHgz)sNHs,
33.3 mM spermidine, NH2(CH2)sNH(CHg2)4sNHs, or 25 mM spermine,
NH:(CH2)sNH(CH2)sNH(CH32)3sNH3] in the presence of 10 mM
glutamate with 10 mM glycine were measured in oocytes expressing
GluN1/GluN2A and GluN1/GluN2B and voltage-clamped at 70 mV.

PUT, putrescine; SPD, spermidine; SPM, spermine.
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GIuN1/GIuN2A 4 r GIuN1/GIuN2B

Na* 4r

—— Ca2+ 3 i
2 -

50

-3 & 1(WA)

3L T(HA)

Fig.I-4. I-V relationships of GluN1/GIluN2A and GluN1/GluN2B in
the presence of various extracellular cations as the main charge
carrier for inward currents. I-V curves were measured by slow (25
s) voltage ramps from 150 mV to +50 mV with 100 mM Na*-buffer,
50 mM Ca?2*-buffer, 33 mM spermidine3*-buffer or 25 mM

spermine4*-buffer.
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Na* PUT SPD SPM Ca®

GIuN1/GIuN2A

o w " u r J

10 uM Glu+Gly
=3 100 pM Mg+

GluN1/GIuN2B

= =
| ] [
500 nA
1 min /
= 10 yM Glu+Gly
—3 100 uM Mg?*

Fig.I-5. Effect of Mg2* on inward currents in oocytes expressing

GluN1/GluN2A or GIuN1/GluN2B and voltage-clamped at -70 mV.
Effect of 100 mM Mg2* on inward currents by GluN1/GIluN2A and
GluN1/GluN2B in oocytes was measured in the presence of various
cation buffers shown in the legend of Fig.I-3. Where indicated, 100
mM Mg2* were added. Ca?* currents were measured using different

oocytes.
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Vh=-70 mV

100 Fkk *kk
80
T =
o 8
g %‘ 60 1 PUT
o O
S 5 40
s 2
o 20 O Ca?*
0

GIuN1/GIuN2A  GIuN1/GIuN2B

Fig.I-6. Currents measured in the presence of 100 mM Mg2* were
expressed as the percentage of control current in the absence of
Mg2+. Values are mean £ S. E.M. from 5 to 8 oocytes. Data were
analyzed by one way ANOVA with post hoc TukeyeKramer multiple
comparison test, and a statistical difference is shown by probability
values. ***p < 0.001 compared with the degree of inhibition by Mg2*
of currents induced by Na*. PUT, putrescine; SPD, spermidine;

SPM, spermine.
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GIuN1/GIuN2A

—_
o
N
(&)

— — Km=4.55mM
c c _
T 8 | T 20 | Vmax = 13.8 _
o O o © pmol/min/mg protein
S5 6 f £5 15
o £ 2 £
S 4} ZE 10
o E © £
n3J 2 Km=2.20 mM O3 5
= Vmax = 6.28 c
2 0 . . pmol/min/mg pyotein 2 0 ,
0 1 2 3 4 5 6 0 2 4 6 8 10
[SPD] (mM) [Caz*] (mM)
GluN1/GIluN2B
20 20
< )
Q 5 0]
v £ 16 . £ 15 |}
Xx O X O
S 12} S o
SE SE 10
£ 8} + £
£ E % E
w3 Km = 2.67 mM 3 5 Km = 3.33 mM
g 4 Vmax = 14.9 = Vmax = 12.2
e pmol/min/mg protein & 0 , Pmol/min/mg protein
O 1 1 1 1 1
0 1 2 3 4 5 6 0 2 4 6 8 10
[SPD] (mM) [Caz*] (mM)

Fig.I-7. Spermidine and Ca2* uptake by GIluN1/GluN2A and
GluN1/GluN2B was measured 1in the presence of various
concentrations of spermidine and Ca2?*, and the Km and the Vmax
values were measured according to the Lineweaver-Burk plot.
Values are mean + S. E. M. of fifth times experiments. SPD,

spermidine.
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120
S 100
|
O 80
ks
X 60
(0]
'
- il Il 'i |i
o
>
(]
Q20
w
° 2 Ca* M
Cas* Mem a<t em
C GG C ammyomCCH)

(2 mM)(10 uM)

GIluN1/GIuN2A GIuN1/GIuN2B

Fig.I-8. Spermidine and Ca2* uptake by GluN1/GIluN2A and
GluN1/GluN2B expressed in Xenopus oocytes. Spermidine uptake
was measured using 1 mM [14C] spermidine in the presence of 2 mM
Ca2* or 10 mM memantine (Mem), or in the absence of glutamate
and glycine [G-G(-)]. Spermidine uptake by GluN1/GluN2A and
GluN1/GIluN2B in control cells was 6.18 and 7.23 pmol/min/mg
protein, respectively. *p < 0.05; ***p < 0.001 compared with

spermidine uptake under the standard conditions.
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GIuN1/GIuN2A

GIuN1/GIuN2B

0.6 0.25
< 05 =)
@ 5t @
o S o 5 0.2
xa 04 } x o
g o g @ 015 f
SE o3t S £
?,E 0o L Km=3.26 mM %g 01 F Km=4.16 mM
2 Vmax = 526 £ 005 | Vmax = 250
= 0.1 pmol/min /mg protein £ pmol/min/mg protein
O 1 1 1 1 O L 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
SPD (mM) SPD (mM)
Substrate : 0.5 mM
GIuN1/GIuN2A GIuN1/GIuN2B
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03
T 2100}
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D “6 * %k *x
B 50f
0
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1mMMgCl, - -+ - - -+ -
2mMCaCl, - - - + - - - +

Fig.I-9. Spermidine uptake through GIluN1/GIluN2A and
GluN1/GluN2B expressed in HEK293 cells. Spermidine uptake was
measured as described in Materials and methods by changing the
concentration of spermidine or in the presence of 10 mM CCCP, 1
mM Mg2+ or 2 mM Ca?2*. Spermidine uptake by GIuN1/GIluN2A and
GluN1/GIuN2B in control cells was 70.2 and 34.0 pmol/min/mg
protein, respectively. Values are mean = S. E. M. of triplicate
determinations. *p < 0.05; **p < 0.01; ***p < 0.001 compared with
spermidine uptake under the standard conditions. SPD,

spermidine.
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1-4 &4

NMDA = &%z Jr L= Eiix. Mias Mg2+ic K - TEMKFHIC
E XN, -70 mV O & 1k EE A O IR L I Mg2+t (100 pM) & i
M3 % & NMDAZAEERZN LT Natit AR E LS ESIND N . ARV
T v FRIC SPD F 720 Cat Tl #a L 72 AR IR T Mg2ti X 5 PR
2N Na+tlZ g9 L Cwiz (FigI-5), Z O Rix, ABEET (74
HH Mg2HF/E PIUCB W TS Miash SPD B E N EmIEE ThiiE, SPD
T NMDA % %&£ (GluN1/GluN2A # X O® GluN1/GluN2B) % i% itd T &
HZ EERBELTWD,

F7-. NMDA T BE %2 BB S -0/ IEIC X 5 [14C] SPD @ Ht v

HAWZXT D Cazt, BLUYTF ¥ Rx VLT Ry I —ThdbA~YrF v
[28,39], 7T =A O FEERRIL A, Ca2t, A~ F U EHIC
XOMVIAHBENER L, MoV T8 I BT
LTWBZENRPASMNE R -2 (FigI-8), I EDOFEFE LY SPD O H Y
A Z 1L NMDA S BB OIEEL N LETH D | Ca2td SPD L@ DK
A2 AF L TNMDAZEKRF Yy L2 BmT 5 ERNEZLND,
¥ 72 HEK293 #ifa 2 H W7z i it ik, NMDA Z & 1{ki2 & % [14CISPD
L EME NP A TH D CCCPIZ Lo THESNZZ &, IR
THELNTRAEREFKIC Mgt Tlde < CaztifMic L v HEI N Z
L5 SPD O HLY A BIIBEEN AR AFH TH D . NMDA Z FIRIZ
% SPD O FEWEKIL Caztb k@ TH D Z LR STz, (Fig.I-9),
DEOER IV, NMDA ZFKRITABSLMET., $T40bb Mg2t{F/E T
TiE NatiZiBi L2 w2 & SPD i Caztt MARICIRVIAE D Z &N
HoNERoT,
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VI AMBIZE T MR Y T I RV S ARE S LD A
SPDIZ., ¥ F 7 hY—2a L FF 2K mM EETHEELI9], =
MWILTEME L S 7z NMDA /K% /v L7 SPD O &l % 5 & Z 37,
NMDA = &F K% LTz Ca2* Dt AT IEH R2RETF THOF 7 2wl
PEIZBI 5 L T 5 1(28,29], SPD 1%, & > /37 & ik o e 209 T HH o (I i
U CME oIS L[2,40], NMDA Z&EKZ M L TA-
7= SPD 7 Ca2t & it al 0 TRICB W T&KEZRLZLED Z
EEFRRICT D, o T, WAZREMNIXZ, NMDASAEKEZ T LR

TIVOHRATERZMICEELNDLLINEI N TH 5D,
BEEMBICBIT 2R 7 I CoRIEEZ, Ca2tX b Emnar, 7 v
N CiE 78% D SPD A3, 85%? SPM 78 RNA L& L CHFEEL, 7
J—® SPD 58XV SPM IZZnE1 7%, 2.3% & KW [41], it - T,
SPD Oyt Alx, MM E ICERT D7 U —Ca2tili i 2 — il
EREFELCEIIC, I RABMBICE N CTEMB R REZ D
ZEMBALND, Figl-8IZB 527 —# %, oM RY I F 4
Y IEAFAE FIZH T 5 NMDAZFEK 2 L= SPD & Ca2td Y 1A
BERICEB LTS Z L2 RBLTWD, =& 2 EBA MR Cat
WEIZHBWT SPD i A0S 60%BA L7ceé LT%H., SPD O AT H#k
ik 5. B, RETERzslsEZFoict+nThsn, K

U7 v k12 SPM X R-domain (N K ¥ iH k) ~f & % /- L T NMDA

=%

XEROEEEZWBI LI LbME LTS, TxDfRIT, NIUT

IV, KT SPD & SPM (X, NMDA ZFKOIEMEHE MR IT T <,

NMDA = &F K4 i L, Al MO L 5 R/ aTay @ . £ 7o 1300 R/ iy
BILZRITIVEROMFICHEML TNWD Z EREXDLNT,
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BAE Va— S VVEBRBBHIIBIBZRY T I VURED -
Trsulb L BREXVUNIEDLER
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2-1 FFim

—W Y == LV UREBERE(ESIE., AH OB CREREAETHY , E
ICHEWR IR d KL ONRIRICR B 2 LIT L, IR O8I X0 MRS WS
BIR WO PRl &S, DR XOBEOREBE(FZ 47
A)WEBLN 5 [42,48], BRNEBER +THDH v = — 7 L UIEMREA (SSA,
ROK Y = — 7 L UEEREB (SSB, La)EHE # R4 2 B OBk,
BB pSSBEE O MG P ICHR SN 5H[44,45], £/, v~ F U v 7 R A
a7 n7 7 —E(MMPs), #iiZgellatinases (MMP-2 & O"MMP-9) 73 |
pSSEFT OMMBMBEICE G L Tnd & x bh 5 [46-48],

BEHEOBRWAfAMT LT RTHDHT 7 r L4 (CH:=CH-CHO)
X, KU 7 I REEEEIC L > TSPDE L OSPM b sEA S U, MR
ESRBMEBFT AR EOMBEEICES LT 5 (Fig. 11-1)[49-52],
BRax R Er bbb P L AL 2EOEMIT Lo Tl &k
EnNsHEEZLNATWVWS, & DT, superoxide anion radical (02 ),
hydrogen peroxide (H202) # & ', hydroxyl radical (+OH)® X 5 7
s #Ff (ROS)., & 9 — 51X, acroleinX°hydroxynonenal® X
IMAREFT VT e RTHHI[53,54], Trx X, 77 m 1A OHFEMIT
ROSOZN LIV BBETHL AW 6 E LTE[55,56], .
MIANTIE IV ZF A Lo THhMmahEErMaonTnd, L
ML, RIEZREICEL ST, MEAMZAI T IVBLIORY 7 I U
MEPRHT oL, MilNOXIIICITVEFF I HrFAED S
T OBEAREINRD, BRA IS E T, MEE, WEMEENMEE, 7
NI NA =R, vx— T VUREBERENRT 7 r LA OB 5T HER
ELTHLNZLTEL, EREYPD ) VU EEE20FOT 70 b A
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VAT IAINEE TS LICk T, MP-U ¥ B X ’FDP-V
VLKL, EHEOMEMEZ ALY LI Lo TT IR
A OFEEERET D, RAFT7T 704V BAET AT I VR —KRY
= — 7 L UEGER (pSS)ERFOMERF CHMIT L xR L, 77
Pl U EGEEAE (PC-AcrO)dINNAF~— T —L L THFETELZ
EEWELTCERZBI, Lrland, BREOMERIZIIRRIEDT 7
BLA VA F R TENR2EFE S TWED TR TIEY VR
DEEET 7v b A BEICLDEBEmE LI,

W\/\/\/\/\

Spermin H
SSAT

~>

N’-Acetylspermine

H,0,"
3-Acetamidopropanal
H,N H0, NS
“WIWAA 4
Spermidine " {\/

SSAT |, 3-Aminopropanal
N’-Acetylspermidine ..‘v

H,N o
\/v\ 4ACPAO R
NH, H,0, o
Putrescine 3-Acetamidopropanal

SMO, Spermine oxidase @ AcPAO, Acetylpolyamine oxidase
SSAT, Spermidine/spermine N’-acetyltransferase

Fig. II-1 Polyamine catabolic pathways of animal cells.
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2-2 EBFHIE

2-2-1 XNHBBIOER ORI

11 AD %t pSS(68.8+9.4 1K) EFH &, HAD v = — 7 L VIE i BEMF
T IN—TNE LT pSS OZWr K HELA - 720 10 N D fEH N &
PE(72.0£6.8 ) & x & LA L72[68,59], /1> 7+ —A Rark
YME, WBREEICE D BFZE T a b b TR KR KRS
BB IOCHBRSIMEREOMEZESIC L o TRRB I N, FEBIL
ANV R FANE SIS S TiTh iz, pSS BH & &R BRE 1T,
I8 BN BE T 9:00 2> B A1 12:00 oIz, [ CNEFF <. [A Ut §F
fli. FIHZZT7Z, A% Ea— BROBRKBRA, BRI E O PR
. T XTHECEMPA T o7, RIEGMEREZ 10 7M N7 7 1 2T
CEICXOVNRELE NE LIS, BERRE A2 4C T 5 M.
10,000xg T L@l . EWEAMEH T2 £ T-80C THA MR L7,

2-2-2 #i SS-A(Ro)B & O'HtL SS-B(La)iF M Hl &
ME% ' SS-A(Ro). SS-B(La)fiA i E X ELISAEIC X » THIE L
7. SS-A(Ro)!Z Abnova tl:(Taiwan). SS-B(La)if Trinity Biotech £t

(Ireland)® ELISA &~ PH W, T END~==2 T VIt - 7=,

2-2-3 BRFTHREITT Y OFH

M f ok /v 7 U v X . PANSORBIN cells (Merck
Millipore,USA)D ~ = = 7 /LIZfHEV, EHE 500ng & PANSORBIN
cells 30pL #/EA L THRLL 7=, 10,000xg 5 4y [ o i O 4y B 1C T 5%
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7 a7 J - PANSORBIN cell BEKRNGEOLNLDH, VBN y 77—
I CILE 2 Ve 1% . SDS-sample buffer &3 1 MR A V452 &
ko THRE I e T o GEND, 74 FFz—rBLENE—F

PNE12% T 7 U T X R vz v SDS-PAGE (2 THrHE L 72,

E HH E & 1% Bradford % H W72 [60],

2-2-4 Westernblot X377 0l 4V BEEBEOKRH
SDSARV 77 VAT I RTFVERKBIZEX>THELEZY T H

DNWTNNTHTNVEI v —T7 VYT 7 —R-250(CBB) T &
L. X% PVDF E(Immobilon P, Merck Millipore, USA)IZ#z5 L 7=,
BEABTOUV VU EREDOT I VKL T 7 bA RIS E - T
& i & v 7= PC-Acro [Ne-(3-formyl-3,4-dehydropiperidino)lysine
(FDP-lysine), and Ne-(3-methylpyridinium)lysine (MP-lysine) in
protein]iZ. ECL plus Western blot analysis system (GE Healthcare,
UK) CTH 77 v L A b Hi K (FDP-lysine and MP-lysine) (NOF

Corporation, Japan) % H \» Tk H L 7= [61],

2-2-5 HEDH

HBaEoghicks7 7040867 I BOREZ Cai BXUREHFHDL
D FIEZHE > 72162, 63], SDS-PAGE THHEEL 7=HiAD N> KEH Y

MLk, PFAALVA h—ATELL, 77U AT I FTTLF L

fbeL7, NV UEBXIZy R7a7 A4+ —+8 Asp-N T 37CT

—BREAESALE L%, GO TF Nl A Z i 8 % 78 5 Al

(Inertsil ODS-3, 3 mm, GL science, Japan)% 51 L 7= nano ESI
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spray (100 mm i.d. X375 mm o.d.) % H \» CT¥#i#H 200 nl/min T4y #f L |
BBy E (LCQ Deca XP: Thermo Finnigan, USA) T L 7=, 5
537 MS/MS 7 — # 1%, NCBInr 20120123 X X Mascot Version 2.3

(Matrix Science) THEMNT L 7~

2-2-6 #MEFLE
WEF M1 Mac @ GraphPad Prism version 6.0d (GraphPad

Software, La Jolla California USA, www.graphpad.com)% f \» CT1T

ST, ZREM o #E1X. Student’s ttest I Tk L=, B/ —7
DOz, —HHh ANOVA ZHWIARy 7 20 —=0% &g

REZIT > T,
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2-3 FER

2-3-1 ®REITIuT Vo7 7ub A b BERETBEDOHE

BEMERPICAHINTZREAED PC-Acro #HlbnicL, 771 L
AN 2EABEREDOEAZFTRLTO ., LFORETZ21T - 72,
Vrx—J UV IEBEHIIECRERBTHL I LD, RET T Y v
(Ig) % PANSORBIN® cells # W THR L%, V=& 71 v |
(WBEICE > THRIHT 22 LT pSS B LEHEATT 70 LA v
BEOEAEWERBE L, TOME, pSSEFOMEEFT O IgDT 71 b
A fbiE, BEANICHXTEMIZEWWI EXHLNE R o
(Fig.11-2), WIZ, Y= — 7 VU EBEHEOERE~— 1 —Th 591 SSA
(Ro)FifkH L OHi SSB (La)Hifk DGk &2 i~ 7=, Z DOk HF. pSS BH
W T I RN & e LT oL SSA (Ro) Pk L Ut SSB (La)fii ik
DIEVERE N E B 62 & 725 7= (Fig.I1-3), pSS BRHEH M F 12T
syl A VAR IgNEno-2 b, BAOREFEEREP -T2 &2
b, 77 LA RECREEERICEETINE S hEemat Lz, @&
BANLOGEONTERD X N7 EIZH LT 125 . 256 BX U 50 uM
DT 7 abA kg L% ERPHIED SSA (Ro)# X U SSB (La)
BNy BICHT 5REBEEANT, TORKE, 7r7uL A 2825
TLHE, T/l A ORBEKGFHNICHCREEENGED Z LD
5kl otz (Fig.Il-4),
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2-3-2 T7ul A LA ERBRE~DOEE
Ign7 70 b A MERPRBRRICEEREZRIZTL TWENE D 1 E T

J

ST A0, T7ulb A B EEIIRLAEOR T VT 2 UHUE
ERHEL, WB EBICEY e hmET LTI o EIToT, £ OR
B, 25uM BL O 50uM 77 v b A & 2QEEMIBR LT VT IV
MAETET 7 b AV ROHOHIR L LB L TRBENKT L
(Fig.11-5), £/, 77 L A VAEICL D FURRRICERE L LT T 0
ML, B bMEEZ N7 EF 10 pg s HWNT WBEEZITo 2 &
A, TNT I Uoftt, 256 kDa B XN 100Da DHID Z X T EA~D

RARAEE AT DM N BLE S e (Fig.II-5),

2-3-3 REI7uT7 ) OBRET 7 v LA U LIMALORE
TIr7mbA U Ig OREFEFRMEICEEZRIET I LAHALNE R
e, IglZk+27 7 m b A OGN OREZRA T, WERE
11 AD pSS BEMNLERML, EBRAGEICRHHMLIZL SIZ, g s m
7Y R L, SDS-PAGE L v B onchE e 7 U OB#EB
LFOEHTOT 70 b A Y BET I/ MEEIT. P TV rBLT
Asp-N Tlf{L L7 <7 F K& HAni LC-MS/ MS (ks o< ~ 73
T 4= - BT AEESH) KV EELZFigll-6), AT A K
Eix, v~ A7 AfsiciEvrrser s rbiagdgans e, HES
NTEXTFRONKImOT X 7By y 7#EEZKRT 562,64,65],
Frul A4 AT/ ME L T, Nm-propanal histidine,
N-(3-methylpyridium)lysine (MP-Lys) £ X ' N-(3-formyl-3,4-
dehydropiperidino)lysine (FDP-Lys) 28 % 5[61,63,66], 77 1 L A

31



VRAEVATA VROV UEREEZRT LT TF RO MS/MS AN
MLz Figll-6 2733, EFEHICBTL2T7 7L A AE7 2
J 1%, lamda #8{ (Lys43). kappa ##{ (Lys75, Lys80, His81,
Lys82 and Cys86), alpha-2 ##{ (Cys300), gamma-1 & (Cys27
and Lys30)8 X 0" gamma-E#H (Cys297 and Lys300)D & & 11 AT
CHE sz (FigIl-7), £72, AAHEKLEZZ LN X7 T N EIC

24 MFTOT 7 LA AT X BNEE XLz (Table 1),

32



Level of PC-Acro in immunogloblins

CBB PC-Acro Light chain Heavy chain
kba Control pSS Control pSS = Ahk
— 15 [* — B
= = 18
128 — | < ®e < ‘ s
92 o o e | -~ ° - ..
72— | - § 10 | ¢ 5 10 | °
ol N T £ i e
42 — | g Al By g [ —8p—
| £ s g7 -
28 — | - e - % :...". . % .y .
16 — h— S— £ o e T 9 LL._.
Control pSS Control pSS

Fig.II-2. Levels of PC-Acro in light and heavy chains of
immunoglobulins in saliva from control and pSS subjects were
measured by Western blotting after gel electrophoresis using
proteins purified by PANSORBIN® cells. Black circle indicates each
value and horizontal line indicates mean value. The average value
of control subjects was defined as the relative amount 1. The levels
of immunoglobulins and PC-Acro of two typical control and pSS

subjects were also shown.
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Autoimmune activities in saliva

Anti-SSA (Ro) activity in saliva

OD at 450 nm

0.5
0.4
0.3
0.2
0.1
0.0

Control

pSS

Anti-SSB (La) activity in saliva

OD at 450 nm

0.8

0.6

0.4

0.2

0.0

Control pSS

Fig.II-3. The level of anti-SSA (Ro) and anti-SSB (La) antibodies

was compared in saliva from control subjects and pSS patients.

Horizontal line within box indicates median, the bottom and the top

of boxes indicate the 25th and 75th percentiles, and whiskers

(vertical lines) indicate the 5th and 95th percentiles. Median

values of anti-SSA (Ro) and anti-SSB (La) of control subjects and

pSS patients

respectively.
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were 0.027 and 0.063,

and 0.032 and 0.064,



Anti-SSA (Ro) activity in saliva Anti-SSB (La) activity in saliva

0.04 ok 0.06 ki

0.04 |- i v
%

002 - sprc i 5

0.03 b

0.02 |-
L
0.01

0D at 450 nm
n
|' h[ I [ 3
=
‘
"'I {1'
0D at 450 nm
[ ]
[ ]

u'uﬁ L 1 1 1 u ] 00 [ 1 1
& ﬁ‘? N S & ‘s‘g‘ »
° N P P & NG DR
Acrolein Acrolein

Fig.II-4. Increase in autoimmune activity of saliva treated with
acrolein. Saliva from control subjects was treated with various
concentrations (shown in the figure) of acrolein at 37 °C for 24 h,
and ability to recognize SSA (Ro) and SSB (La) proteins was tested.
Data are shown as mean = S.D. (horizontal lines) together with

each value. *p < 0.05; **p < 0.01; ***p < 0.001.
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A. Western blotting

None 25 uyM Acrolein 50 uM Acrolein
\i o P o P
\QQ N\ AN S
kDa
128 —
- =100 kDa - -=100 kDa - -==100 kDa
92 — - 2
72 —
. —= Alb . —= Alb . —=Alb
54 — A - -
42 —
383 —
28 — —25kDa - —a25kDa - =25 kDa
16 —

B. Determination of bands

Albumin 100 kDa protein 25 kDa protein

T T T

_‘_91-5- ° 20 * S 20 .

2 1.0 * £ 15+ 215} -

2 w2 4

o g 1.0 9 1.0

E 05} E £

.g % .g 0.5 | .g 0.5 |

5 0.0 5 00 S 0.0

[]) [} [}

e ¢ N c e N » T e & »
& flf’Q N & ff?Q s & q‘?Q N

Fig.II-5. Modification of the recognition activity of human

anti-albumin antibody by acrolein. One pg and 10 pg proteins of
human plasma (Rockland Immunochemicals Inc.) were separated
by SDS-polyacrylamide gel electrophoresis, and Western blotting
was performed using human anti-albumin antibody (R & D
Systems). Where indicated, anti-albumin antibody (40 png/0.05 ml)
was treated with either 25 or 50 umol/l acrolein at 37 °C for 24 h in
phosphate-buffered saline, pH 7.4. A. Western blotting. B. Relative

intensity of three proteins in Western blotting.
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Identification of acrolein-conjugated amino acid residues
in lg gamma-1 chain C region

61
121
181
241
301

Relative Abundance

200

ASTKGPSVEP

400

LAPSSKSTSG

600 800 1000 1200 1400
m/z

GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS

GLYSLSSVVT
PSVFLFPPKP
STYRVVSVLT
LTKNQVSLTC

VPSSSLGTQT
KDTLMISRTP

YICNVNHKPS NTKVDKKVEP KSCDKTHTCP PCPAPELLGG
EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN

VLHQDWLNGK
LVKGFYPSDI

QQGNVFSCSV

MHEALHNHYT

Schiff base

formation ‘1

EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE
AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW
QKSLSLSPGK

MP-lysine

Michael addition
b8 b10

Fig.I1-6. MS/MS spectra of [g gamma-1 chain 16 C region are shown.

Amino acid sequence of immunoglobulins is shown together with

identified peptides (underlined) by LC-MS/MS. The amino acid

residues conjugated with acrolein, Cys27 and Lys3? in Ig gamma-1

chain C region were determined as described in Materials and

methods.
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Position of acrolein-conjugated amino acid residues
in immunoglobulins

Variable region

H:N

NH:

lg gamma-1 chain C region

27 30
-8 PCSRSTSGGTAALGCLVKDYFPERVTV
com—\

Ig lambda-1 chain C region lg kappa chain C region

75 808182 86
43
LISDFYPGAVKVAWKADGS PVNTGVET - |- SSTLTLSKADYEKHKVYACEVTHQGLS
CH3 | f\ : - -
. . amma-3 chain C region
Ilg alpha-2 chain C region 99 9
297 300
300 — —
RVAAZBWKKGETFSCMVGHEALPLAFTO 1100 (': é 0OH PSREEMTKNQVSLTCPVKGFYPSDIAVEW

Constant region

Fig.II-7. Summary of acrolein-conjugated amino acid residues at

the constant regions of immunoglobulins is shown. Eleven kinds of
the identified acrolein-conjugated amino acid residues (4 cysteine,
6 lysine and 1 histidine residues) are shown in red on the simplified

structure of immunoglobulins.
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Table 1
Acrolein-conjugated amino acid residues at the variable regions of
immunoglobulins purified from saliva of patients with primary

Sjogren’s syndrome

Variable regions in heavy chain
KSVTCHVKH
MDLMCKKMKH
KTFTCTAAYPESKTPLTATLSKS
RNFPPSQDASGDLYTTSSQLTLPATQCLAGKS
GDTFSCMVGHE
NELVTLTCLARGFSPKD
REPQVYTLPPSRDELTKNQVSLTCLVKG
GDLYTTSSQLTLPATQCPD
ADKSTGTAYMELSSLTSEDTAVYYCARGAD
KSTSGGTAALGCIVKD
SESTAALGCLVKD
RTPEVICVVVDVSHEDPEVKF
KGPSVFPLAPCSRS
VDKSRWQQGNVFSCSVMHE
VERKCCVECPPCPAPPVAGPSVFLFPPKPKD
VEPKSCDKTHTCPPCPAPE

Variable regions in light chain
KLYACEVTHQGLSSPVTKS
RSYSCQVTHEGSTVEKT
HEGSTVEKTVAPTECS

Identified acrolein conjugated amino acid residues (20 cysteine and
4 lysine residues) are underlined in the peptides determined by

LC-MS/MS.
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2-4 B

77 albA AL ADP/ATP translocase 1 [67],7 7 5 [68],
NF-xB [69] X U® protein tyrosine phosphatase 1B [70] @ & 5 72 B3
DODAREWALZS SR T, &L, 7V AT AT B R-3-U U ERILKHE
3% (GAPDH)® Cysl50 L 77 L A U iEAMN., —BMIbEHRICL B[
CEED S-=hre bl UL T, ZOEMEREZEET L2 & 2 HE
LT&7[65]l, £/, AT A4 BN EM I GAPDH X, EIZB1T
LfadmEzs S E T 2 ERHALNER> TWVD[T1],

—W Y == VIR, SWREELRME T I AHEE R
ERETHDLN, TOREBFIIHBHAI L TRy, AR T,
HANOMEREZT 7ulb A4 BETDHEHCHMARE LT SSA X SSBIZ
P DAL (FigIl-4), —FH ., #ie hT A7 I Uik
BICE, 7720 b A BAERT LV I VRBEZETSE TV
(Fig.II-5),

EEE, LCMSIZ X 77 m b A Wl x22 T I el s &,
a7 ) OREEBEONWS oo T 2 kR, EE L TYA

TAVERERT 7n b A ik EMI Tz (Table 1), A 28 6 5k

CEFHEBRM TCOT 7 A rElaEx T RET I JBEREERKR L
LA EH I T ld lamda (Lys*?). kappa9 (Lys’®. Lys®®, His®, Lys®?

Cys®®). alpha-2 (Cys3%%). gamma-1 (Cys®’. Lys*%). & & *gamma-3 (Cys?®’
ys*) D117 X EERE Y. AT TIE24T X VBB R T s L

AU EEZTTCEY, AIEHEHIEKO TN T 704 v BRBICLDEE

MREWZ ERyD (Fig.II-7 and Table 1),

Fo. EHEEANA DIg Kappa Chain C fHIK CTIZ Y AV 7 4 KA
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WT X BEERT 7un b A o BAEEZ T W, BE., X7 H
DNFEEEIZBF2ODO VAT A VEEMOTYALT 4 REERITE -
TRELL LT DN, EFHMODANT 4 G EHGIZE T
277 bA e b ERRBRICEET S WMREE D EEZXDND,
V=7V UREBREOBRE TIE, KT PC-Acro ENINT 5 2 &
PHLMNER->TWD [B7], £, ARV T 7 n LA VIRR%
IT PRI REERBEELZ LTI ERHO N ER ST D,
HORBERBIZT 7L A YBEELTWD I ERRBENT, o
T NTEFNVIATAVE Truab A rEIcEOE Y SH X%
BT 56 EH T, pSS BEOMER T 7 7 a4 U 2RETD L
JER OHET, ITBEIZHR B H L0 TRV EEZEZ LN D,
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3 i

1. NMDA ZHEIL Cazt L FAERIC AL I VBl as A L, Mo
AIMEME E I MRMRIC BT AR T I U EOHEFICERBLL T
HIZEBRBENT,

2. EI7u 7V o7 7a b A MR R RBREE LRI ED 2 &
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