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Physiological Functions of Polyamines and Regulation of Polyamine Content in Cells
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Polyamines (putrescine, spermidine, and spermine) are essential for normal cell growth. The polyamine level in
cells is regulated by biosynthesis, degradation, and transport. The role of antizyme on polyamine biosynthesis and trans-
port in mammalian cells and characteristics of polyamine transport in Escherichia coli and yeast are described briefly in
this review. In addition, the effects of polyamines on protein synthesis and the NMDA receptor are outlined. Finally, the
correlation between acrolein produced from polyamines by polyamine oxidase and chronic renal failure and brain stroke

is summarized. Increased levels of polyamine oxidase and acrolein are good markers of chronic renal failure and brain

stroke.
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Fig. 1. Synthesis and Degradation of Polyamines and Regulation by Antizyme

I (AZ) 13,19 8% DS Tld Western blotting ©
FDOHFEEHRT H2ODEH L WEEZOEN DN,
L/inL, ODC HEAKIL AZ E8NL<FHL T
Wizl eEns, ZOKEHAWT, AZRIEFF >
DODRHDIZODC LG L THEH#ERD, ODC QN
AEFF UHKENIT26S 70T 7Y —AICKD
DRIND T &0 FRNAZDNRY 7 2 UHERE
BIZHE L, S MlaNR U Y 2 D EEFET SO
WEHERGEZHS TWSZENHLNERD 2
(Fig. 1). %7z, SAMDC i3 £ #kiE SAMDC &
GFOEIEL TW/-D T, ZOHERIZREL,
SAMDC BT/ v 77U R UXEERT S
LTI L 7=, SAMDC +/— AT OESEKT T A
W AEHFERRETH 5 24%, SAMDC —/— REZEK
XA, 3.5 HIRE TIZIRHK D SPD THEMN
AIRETH > 723, 3.5 HIRLIBE O AEFIZAFHET &
> 72,19 3.5 HIRIZ SPD ¥ AIMIC K D $EFEAY AT RE & 72
S22 &EMS, ML SPD & SPM O R ZITIK
FLTHBO, KUY I R EMEAEK T THh 2
EWNDE I SN (Table 1),

RNUY I OREREHMERL AZ ITKSHMEZT
T/ <, SPM—SPD—PUT "OZHiHEbH > T
L. BWHIEOSERFARINI oA F YTk

% SPM—SPD ORI INFEET 50, D8
&, BEYWETCHD Y70l 1> (CHy=CH-
CHO) MEAINZDT (BR), —HEARINIY
/AR ON-TEFIVENT AT T7—FI
Lo7teFIMbE b, TEFILARUT I
FF 2 —EhEE, SPM—SPD, SPD—PUT ®
BHITOND DN E Tz DR IE T %, 2020

KIBHE Tlid PUT & SPD OANEREIN, AZIZ
FELRW, RUT I OMIEN CEREIC /RS 728
&, BPHlREFEC LSy EFILbans Z &I
LOAREEN, MBACHHENE LD TDH
5.2 %= RUT7IDNRZLEBVWEDIZ, KiE
WTIEHS 1 D0 PUT R NFEET 5. 27
bbb, TINFZUPBRBEEEZT T ITF >
MTE, DOWTPUT IERINERETH 5.

222, RUT7I EE RNITIVHBTYI/E
& L FRR I B G ST S LD A D ROVEFETE
T5. RUT I UERENRY T I MR
WHEHETHD I EIE, BMFEBRTERY Y I AR
HEAOTRAIENR) Y IO RZBEHAD L
FRETBHZELDPESNER S TNS. 2 L LR
N5, RUY I VEEEEE R TIZEYME T
WEFFEESNTVWRNWDT, KBEKROEROR
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Table 1. Genotyping of AmdI*/~ Intercross Progeny

Developmental Number Genotype
stage Number ;e
£ +/+ /= /=
Neonate 120 5.45 32 88 0
E16.5 dpc* 24 6.00 9 15 0
E8.5 dpc 19 4.75 6 13 0
E6.5 dpc 10 3.33 3 7 0
E3.5 dpc 65 7.56 17 33 15

* dpc: days post-coitus.

A. Escherichia coli

SPD-preferential PUT uptake
uptake system system
(PotABCD) (PotFGHI)

LT THD. KBETIE PUT 2GR TERWN
BE, RERY7IELTHY XY > (CAD,
NH, (CH,)sNH,) &7 3 /70 )L Ay XY >~
(NH, (CH,);NH (CH,)sNH,) &gk &, PUT,
SPD & [A U &L D ICHIfaE Sl EMER 2R 20 £3%
5OWZEETIE, PUT R EAELDAA R, 2 SPD
ESEEL D A AR, 2 PUT X CAD O LD A B KL TR
HEt 2 ol 59 % FE PotE? KUY CadB*® DR
TrO—= 27T Z DOEEEMBEICK L /2
(Fig. 2).

PUT R RAYEL D AR K SPD SRl D A SR
1%, £ ZN PotFGHI % T PotABCD @ 4 fE D
HEX0D/5%ABC b I AR—F—THo/=. T
sbb, WERIEEHESEBAYE (PotF, PotD), 2

PUT transport CAD transport
system system
(PotE) (CadB)

ATP ADP ATP ADP
B. Yeast SPM
SPD

SPM

Vacuole

Fig. 2. Polyamine Transport in Escherichia coli (A) and Yeast (B)
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HOF v VR EHE (PotHI, PotBC) KUF
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EiEGEHE CTH D PotF & PotD 1%, 70 X #ifs
EAEE AT O — 7 2 ) A RAROIEERIE L D,
L ARSI N PUT K OF SPD O #& A BRAL O 8] &
IZERTh L 7= (Fig. 3). 339 PotF % PotD 12 & % R
U7 22 OREIITEEEY 2/ BRIREOM, Trp ©
Tyr DFEBHET 2 BEENESG L T, Zhid
RUT I RONCERE SHAERT 20205
M U7 m#DO#HE ThH>7=. PotABCD ANR)) 3
PUEEROAARO TR F —HIGICE ST 5
ATPase O PotA 1%, 378 7 I J BRI XL D2 578,
N KM (1—250 7 2/ BeFkHL) A% ATP & EBAL
ZEOMBEMTH O, CARUEM (251—378 7
J BRFREL) 7Y ATPase G R Ei AL TH U, SPD
M DA KA LT ATPase iEHEZfHE L 7. 39
PotA ¥, PotABC &A% LT %5 & ATPase /)3
SPD XD BWEMHEZZT L2 EN 5,

PotABCD %12 & % SPD O D AA1T PotA 1T k&

DRI NTNWD Z EMNRBI N,

PotE & CadB [ZH G FTT Ok > BRE) 71T
&% PUT & CAD ORIV ABIEEZAFL THO,
PUT KX SPD {E5EHL D 3A A 5% O 1 B i) % & 2 5 7=
LTW5, 30360 U UBRMESEMET T, mEREI
FHENE ODC RN 2 Uik (LDC) &3k
MR IR ICEE B 2 R L TS, 971
D5, MEHEIZEESHE T PUT(CAD)—F)L =
FoUPY) 7oFR—F—{EEEBELTHD,
BHMASAINZF (VD 2)ZROAA, HEt
ODC X3 LDC i2 & 0 PUT (CAD) 28 & ik & 41,
PUT (CAD) ik ic it E s (Fig. 4). 20
WL THE4 DREEFRZIDADDICHERT O R
CEREN N E XU LA T BERICHETR CO, AL
I, MOEHAHH b, MEEENEESI N
5, AERERICZU D COENFIN=F O LDE
Wz, BEIESM T TlE CadB @54 PotE & D 4

Fig. 3. Structure of PotD (A) and Polyamine Binding Sites on PotD and PotF (B)

A: Ribbon model of PotD is shown. Spermidine is bound to the central cleft between the N and C domains. B: Amino acid residues involved in the recognition
of spermidine on PotD and of putrescine on PotF are shown. The most crucial residues are colored yellow, and the other residues, which affect substrate binding, are
colored pink. The polar and hydrophobic residues are drawn as ellipses and rectangles, respectively. Water molecules involved in the recognition of putrescine on

PotF are shown in blue circles.
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Fig. 4. Physiological Functions of PotE and CadB in Escherichia coli
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%).37>

BERICBNTDH, TNETICOMDRY 7 I
EEHEZFEEL TW5 (Fig. 2). TPOI—TPO4
BEMEHHT2EAETHD, RUTIHZOD
HEEEL TN D, TPOSIERA M-I P/
JCRET SR 7 I U ERNPEHEAETH D
(Fig. 5), ZOBEBRTFNRIET D EBAENICRY Y
E)ﬁ%ﬁb,%@%i%ﬁﬁ?é&mjﬁ%;@
HWHEEZRODEHE TH- 2. —F4, RU 7
CHWVAAEHEE LT, WHEICHEET S UGA4
N y=7 2 /B (GABA) & 312 PUT 2 figiCHL D
‘U’&3”&U%@ﬁ’ffﬁéGmnﬁ73/
fe CIITHRY Y 2 2 MENICIRDADEHETH
5Z &%%Hjbt.‘“” S 512, DUR3 & SAM3 28
RN T 2 2 EMBNICELENICIDADERE TH
LT EEHoMI Uz (EERT). &k, o
TIN—TX0 AGP2 3R ) 7 X Uk EHE CTH
D S I NI, 40 EF S QIR T TS

WIEEITIES, RU 7 I UHEEEREE U THREL
TWiaWwEEbns, BIE, IMORY Y I ik
EHENERORY 7 I OB EBEHKFICEDK
WHEL TWEhZRitFThS.

3. RUT7 I DEEHARE

3-1. ﬁu7s>c;%§EEAﬁﬁL )
7 OOATBEEREICEAL TiE, RRE L TRENS
W, §abbH, DNA EDOMHAEERZELTHRY Y
S MR EE R 2 FFD B A TN BD ANE
WD EESIIRY T I OEEEREEIIZET S /-
WIZ, FTRYTY I EBEREYE &S

¥oaske, MilaNR) 7 oEERY T I EMA
ERT2BMEMERZRET S22 LICXD, RUY
2 D OMBEND G Z R L /2. 34 ZOFER, R
7 I REHMEICRNTH, KRBEICBWTSH,

FELTRNA EHEGLTHEET DI EDNHSMNE
7> 7z (Table 2). F/z, —A&# RNA TH % poly
(A) +poly (U) &H4-Mifit DNA ~® SPD & SPM
D¥EE DR X % 50 mM Tris-HCl, pH 7.5 4 K C
ke L7=& 2 A, poly (A) +poly (U) D iz SPD
MOSPM I ZNZN 25 BRI 3fEm<kEa Ll
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Fig. 5 Subcellular Localization of TPO5 Determined by Immunofluorescence Microscopy
DIC: differential interference contrast, TPO5: HA-tagged TPOS, SEC7: a marker of Golgi complex.
Table 2. Polyamine Distribution in Escherichia coli and Rat Liver
Escherichia coli Rat liver
. (pH 7.5, 10 mM Mg2*, 150 mMm K+) (pH 7.5, 2 mM Mg2*, 150 mM K*)
Eolyaml'ne
distribution Putrescine Spermidine Spermidine Spermine
(mm) (%) (mm) (%) (mm) (%) (mm) (%)
(Total) 32.2 (100) 6.88 (100) 1.15 (100) 0.88 (100)
Free 12.5 (38.8) 0.26 (3.8 0.08 (7.0 0.02 (2.3)
DNA 3.0 (9.3) 0.35 (5.1 0.05 (4.3) 0.05 (5.7
RNA 15.4 (47.9) 6.17 (89.7) 0.90 (78.3) 0.75 (85.2)
Phospholipid 0.46 (1.4 0.05 (0.7 0.07 (6.1 0.04 (4.5)
ATP 0.84 (2.6) 0.05 (0.7 0.05 (14.3) 0.02 (2.3)

2. ZO/ERD, MILMNIZIE RNA O 7 DNA
IZHRTENWZ EEEAGDEDE, RUTI 2N
RNA LX)V TIERT 2 2 &2 < XL 7.
N7 2 OEAEERICHTHEICDONT,
AN KA O /R poly (U) fKGERY 7=
WY SZ R TR LEEZA, RUT I IZ
Mgt OFE#EREZ FNF 57210 Th<, Ry 7=
W7 I BREEERIE L. 0 KUY I Tk
EHEOREEDR, EfarToroe > alkt
77—V RNAKGEOEHEAGR THHERIN

7. ZOfERIE, Mgt 12X % RNA O EZL

ERUT I ICEBEETEMNERD 201, W<

DOMDEHEERNAN) 7 I XV EEEZIT S
ZEERBL.
ZOWRESZT, invivolZBITARUTIDD

EHEERICNT 2%)REZ, PUT 2R TERWN
Kl %2 PUT OFE T H 2 WIEIEGFIE T THREL
a7z, H@m6iﬁ?i5”,%ﬁ PUT %
WNd 2 &KUY 2 ViR RICE DMBANICED A
ihfsm);wﬁéh,ﬁ@%i@S—S%ﬁﬁ



No. 7

461

0.8
0.6 Polyamine Content
) PUT SPD
(nmol/mg protein)
7
< 04 —PUT n.d. 0.8
+PUT 60 7.0
0.2

0 2 4 6 8
Time (h)

10

Fig. 6. Cell Growth of a Polyamine-requiring Mutant MA261 in the Presence or Absence of 100 ug/ml Putrescine and Polyamine
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Fig. 7. Stimulation of the Assembly of 30S Ribosomal Subunits by Polyamines

EIND. ZOEMHET, VRV —LDOEHEAKAE
L& 25, PUT 25O HITR & L 7=/l ig
DOURY —LIFEBEAKENE S, ZTORERIX
16S IRNA O 3'-KiiCFIET 27 T2 DA F I
EMARY 7 2 KV REEZEZT, 30SURY — L4
BRI TFORENRY T I X0 2 EREZINS
D ThHo7 (Fig. 7). 44

RU Y 2 K S M FE R R R 1d 3—5 fF &

RKEMNSZDT, DT, HMlIBEFEfEHE I < KE
EHEOGRNARY 7 I VICEo TREI NS &&
Z, invivo TIRY 7 I X OFRL X)L TERK
e %2\ 25 EAE DR E % il #&7/=. Figure 8
WRTEDIT, RBEFEEL TRYBRAYIXRTF R
ZHDIAT OppA EHHE, V57 75—t
(Cya), BEHHEARKKERT RF2, KOEIZED
HRF (BEEEZRTA RO QKGR F Fecl,
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1. Long distance between SD sequence and inhibition codon AUG

OppA, Fecl, Fis, 63, H-NS

SVMG'S'D\_:\S

2. Initiation on unusual codon
Adenylate cyclase, Cra

tMet
Initiator tRNA

HAC

Initiator tRNA

+ Polyamine

fMet

5 SD =—=UUG
G

+ Polyamine

3. Suppression and +1 frameshift on nonsense codon

RposS (%), RF2 G(,

Suppressor tRNA

ﬂ avc)
’ + Polyamine

I

5o AUG @ VAA S  —l 5N AUG % UAA~

e

+ Polyamine

-

5'/\, AUG @ UGA ™~ —’ 5'/\_, AUG — UGA™

product”~\—""~~peptide

product ™S\~ 638 or RF2

Fig. 8. Mechanism of Polyamine Stimulation of Protein Synthesis

rRNA KU $H % FED tRNA OIEE KT Fis, ZH#
BB EE LT OGN T o, ZO—NVIREE R
T H-NS, R#HICED 25K T Cra & O IE
MOABERIZEADDERERT %) OARNBRL
NIVTHRY T 2 UKD REZEZ T 72,505 it
HERFIL 3 DI 5 Z EMTE. OppA, Fecl,
Fis, 6%, H-NS OR U 7 2 U IC K B A pkiEElE, Z
15 D mRNA FOEHE GG IS Shine-
Dalgarno (SD) %150 23 K> AUG KD 10
XL AFRULEBENTHO (B O mRNA Tld
6 ZT7T XU LFFREENTNVWD), RUTI I
&0 mRNA O#ENZ(L T SD Bl &FAtA O B
> AUG O IEEENNIE DL 20 TH o 7. Cya &
Cra DBHE, 2715 mRNA OIET K> HE
WD AUG Tld7a<, RO E LRV UUG X
GUG THh-o7=. Z® UUG i GUG k1 fMet-

tRNA DU RY —ANDFEGHRY 7 I KO
XN/, 0% RF2 OA1E, open reading frame
(ORF) HIZ#& 1L RMEFEEL, o OHHIEHK
13 K2 @ Gln-tRNASw |7 & % #¥3% (suppression),
RF2 OB EF#&1ET R > @ +1 frameshift 23R U 7
IUIRKDREEINZ. WThoEAeD, KUY
2IZ& % RNA OREZEICED<BDTHH /.
AUY I mRNA OHEEZ EDLDITEAD
N7, RNase M2 LICKOMEF L. T4
5, —A$H RNA Z i3 % RNaseT; & “AGH X
13 stacked RNA % B3 9 % RNaseV, IZ &9 2
OppA mRNA OEZMENRY 7 I ICXDED X
DI TEnEEEL L (Fig.9). RU7I>
XA RNAICK D @< AT 5. 44 OppA
mRNA O8¢5, SD B &R K> AUG fEE D
T < IT bulge-out A %5 8 A8 RNA fHI A ELE
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Fig. 9. Possible Secondary Structure of OppA mRNA and Changes of the Sensitivity to RNases by Spermidine

L, RUT7IVEZOEMMITHEET DI EITEKD
bulge-out A D #§iE & ZE S, SD Bl & Bk
OR8> AUG sHIOMEZZ2 (bS8, ZHUTXD,
SD fid%l & AUG I DX EEEAN T <720, fMet
—tRNA O U R —LANDFREGPRESIND L NS
BEZ X HERMNEONL. ZDOEZDIEYSE
ZFEAT 5720 035 Z, HTF NMR Z2HWTiT>
TWBHEZATHS.

DT, RUT I ICX DR L X)L TH e
EZLEAEEI-RLTWSELETHZRY Y
SrEVanrEmAL, RUT7I>EZ20C0
MR AR I R 7 TR EI 2 ME L. ZETH
ELRYY 2 UICKDERL X)L THRIEEZ 2
T35 9MOEHEDS S TENMRGERTFTH 72D
T, DNAXAM 707 LA Z2HNWTHRY Y I Ik
DERRIEHEZ 2T 5 mRNA ORIEER AL E T
%, KRIGE O3 EHITIT T 2700 f D mRNA 235
HLTHD, 2055 0K 300 FD mRNA O FEH
MR Y I IR0 REEZZT, NDK 300 D
mRNA OFBAMNEEFEZZIT TV, TOIH5DK
170 f# D mRNA OFEIHIL, Ll 7HOELERT O

> bhO—)L FiZH o7 (Table 3). HLWRU Y
RUEY2OCERETSHIEICLD, KBEICH
FAHRY T 2 OMRAEFEEEER O 2R 5
M5 HbiITWEEDNS (Fig. 10).

FYHIEICBNTH, RUT7 I VICKOFRL X
IV TERMREZZITSEHE 2K 10 HFEE Lz,
UL, EBEE GBSO Bl i e T 5
B5D, WEEZDANZZXALBIHIZE > T\t
W,

32, RY73IICLkD NMDA SRIFFEMFL
BB IEDSE R TRWICHED S TR 7 I >
GENEBRNE L, MIZBITERY 7 I > 0%E
MIEEHIN TV, 1990 FRRITA D &, EHjE®E
WEDLEBEEHRKLD Ca2t O =2 —10 > ~DFEA
12 K B iz Mg D e RT3 < B> T 7L
5 I VBERBEROY T I AT D1 DTHS NMDA
ZRAARCDNA O O—Z 27N L, ® ZDiE
PEBEIE N T 7V 12 A )L DI EEAAZIC NMDA
ZRR mRNA 213 AT 5 Z EICTXDRIRRIC/ARD,
AT 22, FIZAX)L R 25 NMDA 22 B RE 1%
Eiomm (EE) RRITEMML, oM (FRb) K
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Table 3. Typical Regulated Genes in E. coli MA261 Cultured in the Presence of Putrescine Compared to Its Absence

Gene

acnA®, aidB, aldB, appB, bolA, cbpA, cfa, dacC, deoD, dps, elaB, fic, frdD, gabP,
gadA, gadB, hdeA, hdeB, hyaC, katE, katG, ldcC, msyB, narY, osmC, osmE, osmY,
otsA, otsB, pfkB, poxB, psiF, slp, sodC, sufS, talA, treA, treF, uspB, wrbA, xasA, yahO,
ybaS, ybaT, ybaY, ybgA, ybgS, ybhE, ybhP, ybjP, ycaC, yccJ, ycfH, ycgB, yddX, ydiZ,
yeaG, yebF, yfcG, yfeT, ygaF, yhcO, yhiE, yhiN, yhiU, yhiV, yhjD, yiaG, yjbJ, yidl,
yjdJ, yjgR, ynhG, yohF, yqjC, yqjD
agaZ, cdd, figA, figM, fihB, fliA, fliD, fliG, fliH, fiil, fliM, fliN, fliQ, malP, manX, manY,
manZ, ptsG?, sdhA, sdhB, sdhD, tsr, ubp, ugpQ
fecA, fecB, fecC, fecD, fecE
adhE, nuoA, nuoB, nuoD, nuoG, nuoH, nuol, nuoK, nuoL, hupA, ptsG?
astB, ginH, hycC, hypC, hypE, pspA, rtcA, rtcB, oat
Genes regulated by Cra up acnA?
down fruB, glk, epd
Genes regulated by H-NS up figA, figl, rplA, rplB, rplC, rplF, rpll, rplK, rplL, rpIN, rplQ, romG, rpsN, rpsQ, rpsS
down appY, asiB, csgA, cspC, cspG, cspl, cyoA, feoB, ftn, gnd, hha, ompC, ompF, pfiB, rfal,
rfak, spy, weal, ycbW, ydbD, ydeP, yedV, ygaP, yhiX, ynaE

Genes regulated by RpoS (¢38) up

Genes regulated by Cya up

Genes regulated by Fecl (¢18)  up
Genes regulated by Fis up
Genes regulated by RpoN (¢%%) up

a) Regulated by both RpoS (¢) and Cra. b) Regulated by both Cya and Fis.

Polyamine P;.Otiilis or Stimula.tio.n of Stimulation of
modulon criectors | transcnptlo.n of cell growth by
about 300 kinds ’ polyamines
of mRNAs,
opp4, cya, rpos, rRNA and some
fecl, fis, rpoN, (RNAs

cra, prfB etc.

Enhancement of
gene expression at
translational level
by polyamines

Fig. 10. Proposed Role of the Polyamine Modulon in Cell Proliferation

T T7OVINFANI R O EREEEAAEREL T
B EEZLNTOEM, ERITEERIZ>THBD, »
DWPE DRI T T A MEAEBOE 51T
N RGBS E L TWiz, Z QAL 2 7 & 85
(R-domain) &@m&L, AN I &4 T7 70

WKHEITDZENHAS N ERS . D EFESIIRY
7 X kR ORER G EAE PotD & NMDA 32
BEROTY I JBEFNOFREOD Y —Z2HKRL,

NMDA Z 5K EDIEMALITE G T2 AN 2D
fEaMADREZRAZ. b5, REAS—OD

WS OERIEY X ) IR Y X BRI E R
L 7= NMDA ZZ&KE7 71 73> AN L)V DI
JHZHRBRSETZEOEEZREL, AV UITX
DIEMEIEE IR E R TH D1 72> 7 0P
DOYEA (NMDA ZAEKOIEEAE) b2 7 2
J B DOREEITKRI L 72 (Fig. 11(A). 85960 1 7

PINDOKEETIVE PotD EDHFEMEX DL
7=. ZTDOEFIVHEIEL Mol. Pharmacol. @ 1999 4
BT OERMICERHA SN (Fig. 11(A)). ¥
BE, 7IVIYNA X —JRigEEE LTy )L a
U 2T AT 7 —EHEA (RRXDIV) BfEbn, =
2—0>AOD Ca?t it A% #ilF 5 NMDA KD
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A
N-terminus .- i
r1| Ifenprodil
R2 o
Polyamine
(stimulation)
™,
. \ To S1 domain
L
*. " Position of
s2 Exon-5 insert
"x.\
Polyamine )
(inhibition)
C-terminus
B NR1

- N-terminus

. Strongly involved in block
by AQ34

. Weakly involved in block
by AQ34

O Residues involved in block
by TB34

O Differential Effect against
AQ34 and TB34

Fig. 11. Modeling of Regulatory Domains of NMDA Receptor (A) and Modeling Residues that Affect Block by AQ34 and TB34 (B)

Frx)Tay H— (ARF ) NHATIIER
RBREBEICH D, EHSIE, NMDA ZHKDOF +
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FEDH LW NMDA Z A6 TF v )L 70y J1— D
FEHAT D HFLNTF v T Oy I—&L
T, MURZDPIARIVIP(TBM)ET T
FIOANRNITO(AQM) R L. £/, F
T RINIEDERB RN Z T 2 M2 ) —T &
M3 RBEEEL O ERIN TSI R, —7 2
J 7 B NMDA ZZ5RI2 03 % TB34 [T AQ34

OF vV 70y 7iEEERET S I EICK DS
MU, 51T, TBMIEF v IO DN
SHTALET S M2 )L—7 £ N616 & 0 EEfIzkE&
L, AQ34 13 AQ Hm T v IV Db NER 5>
2, ANV D UEMIEDTERIC, ThEniES
THZEEHSMNILE (Fig. 11(B)). £/, A
ROF T AZDNINEEMTHD, N616 D
ST 5 E2FICHS N L. BT,
AWM ORSS Z02EDILEY (TB34 O
AQ3) 2 —RILEMELT, 1 7xz>70Y
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W, AX>F 2 EBAD NMDA ZEKHER % H
HHTHS.

AFF v FINERYT I OMAEMERTEL T
1%, NMDA ZZ&RKDMIZ, Ij\]l"_lé? LHME K- F %
IV DN E BIRIEEN AR 2 K FEL TV S
ZENHEINTNG, 6469

3-3. BRLRUMEERICETZ2mMBTARY 7 2
CAFH—¥FET7OLACEDER  RUTY
2 MR ER T TH D72, MlakEERO

Bz k<@ nsd. Lanl, FMmiEsRERICHE
f£9 5 &, Fig. RITRTEIICHMEY 2 >4 F
DHF—FIZKD H,0, &7 70 A UaEESN,

B E I NS, 2 OMEEEE L E ) Hy0,
WZELBOMT 7O A KON ERET B0
2, BHhichy -8 (Cat) 37 )Lk RF
t ko4 —+t (ALDH) ZFEmlL7=&Z 5,

ALDH iRINFFIC O A M EmIEEE U, HEYE
X770l 14> ThAIENHLNER>T- (Fig.

Bovine serum

amine oxidase

H
N
AVAYAVAVAVAVLLE
H

Spermine 0, H,0

FAD Poly_amlne
oxidase

Spermidine

/Euz"

3-Aminopropanal H,

\me

N N’-Bis-(3-propionaldehyde)-
1,4-diaminobutane

NH

3

\,o//_\

Acrolein

Fig. 12. Production of Acrolein from Spermine by SMO and Bovine Serum Amine Oxidase

A. SPM B. Hydrogen peroxide C. Acrolein
] (H,0,) (CH,=CH-CHO)
10 @, none @ , none ® , none
0, 30 pM SPM 0,0.2mM 0,7.5uM
M, 30 PMSPM + Cat8u W, 0.4 mM N, 15uM
A, 30 pM SPM A ,04mM+ Cat8u A ,15 M + ALDH 30 u
+ ALDH 30 u

105 }

A, 30 uM SPM+ ALDH 30 u
+Cat8u

Cell Concentration (cells/ml)

0 1 2 0

Time (day)

Fig. 13. Effect of Spermine (A), Hydrogen Peroxide (B) and Acrolein (C) on Cell Growth of FM3A Cells Cultured in the Presence

of 2% Fetal Calf Serum
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13(A)). 60 EITHEMA ZHET 2 H0, &7 7
OLA > OREERFLEEZA, THEN04
mM & 15uM TH - 7= (Figs. 13(B), (C)). %

FUBLA RV ATH, EHEBEICTHE O,
Sy rabA CNERICHRWIldEEERLE S

CICHkERS, AEEERSMEY 7 0L 1 &

IZHBED B BN EDRF L7z, BAREBEOSS
W, MEEFOAXOLI 2NEAL, TR AT 2m
Bl TWwz, x5, migEpFo 2RV > %53
TRHANNIAFH—E (SMO) 1M, 7Y —
Oy 7O CROEHEMGR Y 7oL A >
(FDP-Lys) O &MNEL < EH L T/ (Table
4. Fixbs, AL SMOENE, Y7ol A
> REOBICHRWHBINGED 5.

RIZ, BUENA =N —DFEE U IR W I %E &
RN)T7I>FFH¥—F (PAO), 77Ol A&
DORICHBENED 5NENEDNRFF L. 7
OLA 2%, AV 2m5 SMO I D ARRIN
%53-73/70/)8F—)b (Fig. 12) »"64ELC 20
Mz, TEFINRY T I>AFIH—F (AcPAO)
WXDEmREINS 3-TE2& I RTO/)NF—=)Lhs
HVEELC D, ZOMEERIENZ NA /- total PAO
TEPEI A ZE R O MAE P THEICHEML Thiz
(Fig. 14(A)). 512, FDP-Lys &% f &I HM
LWz, RIZ, HIER 40 HEXTOEED/IEE
DRERFZE m%ﬁ«t& %, A AcPAO JEMED
EHLU, HnTSMO &M, %I FDP-Lys &%
FRITBZENHENER ST (Fig. 14(B)). Ac-
PAO [EMEIIIMEEFIERE B IC LA T DT, ¥
REE % D EF D AcPAO &1 & BITERIEZE D 2T
ffiHN T2 MRI (Magnetic Resonance Imaging)
ZRFFICHELZE A, AcPAOEED LR D

M MRIZ K DB OB X O SNITREN - 2
(Fig. 15). T/2bbB, AcPAO EMED FHIZFIER
1 HHIZERD 517278, MRIIC X 5B ZEG I FE
B2HBIZRDAD TED SN, 5%, AcPAO
TEME N ZE D B~ — T — & L THIHTE S
MEIMZE, < DEFED AcPAO HEHZHIET S
WWEOBFEICLIZWEER STV DS,

HO—HMARERI LI, WEREKEEBREEDR
78 712 total PAO % & FDP-Lys & O & 23]
HATELNEDMNTH S, MeHickbH &, NSWHE
FEDRH S 72 NDSARE2E 2 F6 90 3 S iR I3 R A
ICHAN 131 &N, 70 F RO L TNE B RAERN
B, MRI THZENHT S N7z 11 £ O total PAO
TG )& O FDP-Lys &%, % NICH~NERICTE D
572,60 X 512, total PAO %% & FDP-Lys &%
B8 LD AD MRIHIEZITo/-EZ S, 4
HICHESE, 2 #ICEMMRO 5N (Fig. 16). Bl
fE#EfTHR OO Y £/ M TIE, 200 4O AND
total PAO {& 1% Jx O FDP-Lys & ZHIE L, &SfEn
HOLNZH30LITDODVWTMRIEIEZITo 72 &
2%, IFEFITEOIER (K 80%) THZEMBRNED 5
Nz, ZOWBFEMNENFFRARM Ky 7 THIHAEN,
BRI DZ EZE> TN 5.

4. hVYIC

RNU T 2 > ORI AT & A EEREIC D
WTC, EFESOWFEREZP OISR LUE. RUY
SOOMBENEEIZIEORY Y I CEEESK,
R, WHEICKDIAICHREIL, TOREBEZ R
STWn5,

X/, RUT I OAEBBERED R B OITM
BIEREER TH 20, TNREELLTRUT7I
12K % RNA ORGEZELIT R D 2 &2 VR LN

Table 4. Polyamine and Acrolein Contents and SMO Activity in Plasma of Normal Subjects and Patients with Chronic Renal

Failure®
Category of Level (pmol/ml of plasma) of polyamine SMO activity Acrolein FDP-Lys
subge t};w (nmol/ml of (nmol/ml of (nmol/ml of
Jec Putrescine Spermidine Spermine plasma) plasma) plasma)©
Normal (n=19) 49.5+31.2 72.9+34.9 30.7%+39.5 1.66+0.97 0.53%0.18 31.2+8.80
Moderate (n=13) 107 +86.2* 68.91+53.4 9.22+7.58 3.56+£2.10%* 1.024+0.98 138 +£51.1°%+*
Severe (n=9) 91.0+29,8%** 46.1+£15.4** 7.55+£6.56* 3.96+£3.19** 1.42+0.84** 170+ 85.8**

a) Results are means with standard deviations, * p<{0.05, ** p<{0.01 and *** p<{0.001 versus normal subjects. ) Moderate: <8 mg of serum creatinine per
dl, severe: >8 mg of serum creatinine per dl. Creatinine in plasma was determined by a standard method for blood chemistry, the creatinase-peroxidase
(CRTNas-POD) method. ¢) Protein-conjugated acrolein (FDP-Lys; N¢- (3-formyl-3,4-dehydropiperidino) -lysine) was determined by the method of Uchida et

al.® using ACR-Lysine adduct ELISA system and 0.05 ml of plasma.
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A Total PAO Acrolein
P=70x10% P=6.6x10°
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Fig. 14. Levels of Total PAO and Protein-conjugated Acrolein (FDP-lysine) in the Plasma of Patients with Stroke (A) and
Relationship between AcPAO, SMO, Total PAO and FDP-lysine and the Day after Onset of Stroke (B)

Time after onset Day 1 Day 2 Day 7

(infarction - ) (infarction +) (infarction +)

Patient 050
Age 81, Female

Acetylpolyamine
oxidase 23.2 (x25.8) - 2.6 (x292)
{(nmol/ml plasma)

Spermine oxidase 6.6 (x 2.05) - 7.2 (x2.23)
(nmol/ml plasma)
FDP-lysine 16.8 (x1.17) - 23.0 (x1.60)

(nmol/ml plasma)

Fig. 15. Relationship between Imaging and AcPAO, SMO and FDP-lysine
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Patient Total PAO x FDP-lys Diagnosis

A. 88y, female 411.2 Infarction

B. 86y, male 288.3 Infarction

C. 71y, male 112.5 T2 abnormal
D. 51y, female 96.5 T2 abnormal
E. 67y, male 93.3 Atrophy

F. 62y, male 106.4 Atrophy

G. 58y, male 238.9 Normal

H. 56y, male 282.3 Normal

B Infarction T2 abnormal Atrophy

Fig. 16. Detection of Infarction from Apparently Normal Subject

MRI was made in 8 apparently normal subjects whose multiplied value of total PAO and FDP-lysine was beyond the cutoff value. Diagnosis of those 8 subjects

and MRI of typical 4 examples are shown.
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ICHUD figa U7z,
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5T EEYEL, EEiEL.
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