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Polyamines

Kuniyasu Soda

Cardiovascular Research Institute, Saitama Medical Center, Jichi Medical University,
1-847 Amanuma, Omiya, Saitama-city, Saitama 330-8503

Considerable differences were found in the incidence of age-associated diseases and the mean lifespan between
countries of similar social background. Previously, the inhibition of age-associated disease progression was
considered to be attributable to anti-oxidants in foods, such as isoflavones and resveratrol. However, the results of
recent studies do not support the role of anti-oxidants in the inhibition of age-associated diseases and senescence. We
have reported that healthy foods such as beans, mushrooms, seafoods and vegetables, and healthy dietary traditions
such as the Mediterranean diet and Japanese foods are rich in polyamines (spermine and spermidine). Polyamines
are synthesized in rapidly growing cells; however, this ability decreases with aging. In addition to de novo synthesis,
cells can take up polyamines from their surroundings. An important source of whole body polyamines originates in
the intestinal lumen, e.g, food-derived polyamines. Polyamines in the intestinal lumen are absorbed quickly, and
continuously increased polyamine intake elevates blood polyamine levels in humans and mice. In addition to the
many biological activities that help protect cells and tissues from harmful stimuli, we have shown that polyamines
suppress pro-inflammatory status, characterized by the suppression of leukocyte function associate antigen 1 (LFA-
1) expression and pro-inflammatory cytokine production. Moreover, increased intracellular spermine from extra-
cellular sources enhanced the activities of DNA methyltransferases (DNMT) and suppressed polyamine deficiency-
induced genome-wide demethylation/methylation iz vitro. Long-term increased polyamine intake inhibited age-
associated pathological changes and suppressed abnormal genome-wide demethylation/methylation in Jcl : ICR
male mice. In addition, increased polyamine intake was associated with a decreased incidence of colon tumors in
BALB/c mice after 1,2-demethylhydrazine administration. Aging is associated with decreased polyamine synthesis,
enhanced pro-inflammatory status (e.g., increased LFA-1 expression), decreased DNMT activities, and enhanced
genome-wide demethylation/methylation; therefore, dietary polyamine represents a valuable food element to
suppress age-associated pathologies and extend the lifespan of humans. (Accepted Jun. 11, 2014)

Keywords : polyainine, spermine, demethylation, age-associated pathology, tumorigenesis
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o COWBIUER AT 5 RARS PEVOEYEL L H
T HWEOFEI & B EEHERIH L HFMLRIIHERT
&9, EEHERCELIFNISTA2ES BB LTRER
BERAASE LTV 590

bhvbiil, HEAESLHPEREL CORREFESER
EHEEOBBEFELIZLIETER SN T2 ERTICEETE
NERY 737w YEIEETERIH S HFFLERIC
FELTWBEEZXT, BIRREBI o TEY™ 2L
T, RYTIVEELEATPEREBET 29T XTI,
ZILDOEITSIFI SN, EGPERT 2ELHE L9
TrvFIADYT, BICEARGILLBT v F2 AT 7T
B9 2 RIEDOFAERTMHAT 5 L &bz, BLHHRH
WEEICETLR) 7T I OEYERICE L TEEL ML
5.

2. BYhOERERFERSOBRIR

HRLWE %% L & ATV A EBIER AT IEEIER
WHRIBCER T 20Tt wh bEL SN TE . EE
2, INHoRREFCHTEBBEOERIIBEREFTH
BIEMERHEN, ax— MR ETHIHTEELZED
BEEFEOMATICE VAFREROUENZ LN, RE
WRESLTWwREEbNIHERERELH LYY LirL, &
DT EEFYYIVRRY) T2 —VEOTRBIYWEZD D
OVRFEREFEL D206 LEFEIERORE 16 2 FH
DHBHZEERLTVREDITTIER W,

Bz, ORI bR 2 E T ALY ¥ 3 Vi,
POTI I A EOEYOEGLZEETAMEDDH B T
EPEREINLY LaL, $RIFHL ETHEED LI,
BEMBBEREROBL (HREEINTVE2™ ¢ axt
BIZ LN ARBROBERETIE, WBMLY Y 3 VIdEIRTE
WFHIRREN R L, 2OBFBREIEFETERLEMLS

IR LI S 5 R 2 RIRT 5 AR HE S -

NTWBE®® 22T, V¥ IrDkd aRkoiiiibny
TRZVWRAROHBICME CHH L ANRT bO— IV EHN
RELITbN. VARS M O— iR T A icgEh
LN BMBIETHY, T4 v 2iFlee MIBETE
ETHIENVES N R EhD, MEBMERPPEFEENT
&7208, LANG M- ViEv U ADFEGFFERETE 2V
EPHRE SN TVEPY 52, VAR b O— VDT ¥
FIATY TR EFFHL CELEBWLERICD BT
HEUTE Thbb, VLAXNS bO—NVIIRFEETL
EZONTERY —F 24 v 2EHLESTD $—Fadg
VEREBYoOEREFERT AURESMn EbMESR
722

KERZEINANBIEMETH LMV 7R b EMHE
T, ZLOBWERPLL FONMARBRL EOBR, KEA
VIGKRYDT vFIAY T BILUERERENRITE
BezoTnd® LIAN AVIFTRYOFELEE

PR OT-mXoF T, KEOEEEERIEIZIR
FEENICERDTONTWEY BREVDE, V7
SEVEBRELLEREY V32123, AV TIRVIHRF
ENDEYEREFRETELILIREINTWLIET
H59F Fhbh, KEFEETLIEYEEEI A1V I7T
RYLPAOEFIC L A MREESEWE W) ZETHS. [
I, VB E OREEFEDRICE L CRBEN 2 R
PESHFETHICOEDLST, B EXEZEUAER
REBEVERRFLEELZBEREH L ZLIERDS
nTna,

ZBLUORA 2EFEEERIENTELABILA ML
2 & BEET, Wi, BIUHBOBEFrEELZERT
BHBEEZLNTWE, Lo, BIEAFLVAZEETS
YRR D& 2 BILWE L, BE  ORENLERER L%
ZMLRATHEREMEE > TRELFENED SN TE .
LaL, PiBMtE X, Pi EdbWAHEOFMLTERT
ETWRVWOPBUIRTH 079~

3. RUPIL&iZ

AT IV ALETOEYOMIIZIFET 2 WE
T, MRROMERL A LICLERTRTHE, £z, 4D
Mifagee, S ITMREOZE, MBAY 7 VRRETF
BB OO EELRBREEFEH-TBN?P® KRYTI VR
TREIMBOBESLEFTCERLHMEZA L &8¢
2O gno T BEFEEEICRY 7 I R U TRERR
REETLE, BMOWERBEGEELZFRT S I LAES
N ZoZERPSEYTIVIEAMAEEEELZD
FALBERICET IS OMERSTbRTEA Ly
L, EBZiE, BEICAVAHY Y MEICHFEET S serum
amine oxidase S EY T I VA2 GBLTT VT FREEE
fKRFREZEAEL, ChooWEISHRESZRIETLIL
A o7z, b bOMMEHIZIE serum amine oxidase 13 FEAE
LZawW=oll, RBRE LV TOBREIZe MR TIEEHR
TERWIZ ERbRProTE AL, 20BOWIET,
RYVT7IVIIMBREELAE LI L%, EOERICEE
TAHREMBOREICEELZBLIZTIEdbhroTE
f: 12)13)55) 56)

RYT7 I VORI, ZOWEDST I/ EESEROF
PHLBFITFLNTVSE, e POREBWLZRY T I VE7 I
JEDN MDAV IV (Spermidine), 4 DA~V
v (Spermine) T % (K 1A). Mg Tix, 7HrF=>
RITNF I UL, FNZFY, TRPVAY Y, AN)VI
TV, ARV VOMEIZAEKRENS (K 1B). HTFEIERR
DREGARNVIVTH 200BETHS. 7IVENF2M
DT PR RY ([di=220) 7IVERFERTHS
B, BED> L ORI, GREROEEORECHAIEIER
% EOMMEREERIC B JIZTERASANRN I TV E A3
VERBELRoTWE, RYTFIViEDHLEOFEDEIZ
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Antizyme inhibitor
NH2(CH2)4NH2 _L FILF=y
Anti
" lzyme\/Ornithine decarboxylase
(ODC)
ARV
(Spermidine) S-adenosylmethionine
TINAVY g
NN NN NH2 AP
H2N Y AdoMet DC -
H Spermidine synthase NL-Acetylspermidine
IMTT&/' P 4
NH2(CH2)3NH(CH2)4NH2 Decarboxylated SSAT/ feetyl Coll
S-adenosylmethionine St SN
ANV /.
Propylami ‘\APAO
ZAPLTY ropylamine :
(Spermine) Spermine synthase SMO N'-Acetylspermine
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N SSAT/Acetyl CoA
HINT NS NN NN NN N2
| ARV

H

NH2(CH2)3NH(CH2)4NH(CH2)3NH2
(A)

X 1
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(A) REWZR)TIVERT. TIJEIFTABEDLLEIBEDOANINI VR ARV VU BRENLZERY T 3
VTHDH, TINVAYVEITIVEDN2BETH L7207 I VIIHHENTVS,

(B) FV 7 I ¥ OMHLN T ORBHER

FETHWHETIERL, e b, B, i, MAEmETEA
72, BEACETOEWIIHBIIHEET S, LoT, Ih
5OEYRZ OET ZWED SR 3o T 5B iy
BRRNVTIVREATVED), TOBRBEIZEAMEIIREL
Bip 5050~

AT I VFHBRATER SIS DS, FFICHSROW
e, Bl ZREOMBCIIERICEREINS. R
TIVEREETH LA N=F U REEREE (Ornithine
decarboxylase (ODC)), A~V 3 ¥ v &SR (Spermi-
dine synthase), B X A~V 3 V& KEE#E (Spermine
synthase) DIEMEIZMENE & D ICHEL KT T5. ODC
EHEL B 2RSS 5 LG LS N B8, e &b
BT LAARNVI VU BIUANL I VEFEBEE 2L
X0 ERAHTH S, Thbh, FILFoURF
V=F v EERECEROMIBEICKEGE T LY TIVT
HETPVAY YETIRERINDD, RUT I VOEK
DRI END DT TIZ R WO B oMk TIE, ODCIF
PG e & BIETL, R T7 I VEELEA KT
5. AL, BRAOMHR) 73 VigEENETSLE, M
RIS BT IR L CHEE T2 L, REZBEAZIFE
S5NBYY ZOBEIBSTIEHEL»TIZ R WS, &8
EOENIZLBZEMH SR 7 I VR0
DR)T I VEREDEIIL > TELTWAEDTIE W
EEZHLNTWA,

MM CTVF = h R 7TI VEART AL

TR, RYTIV T VAR=F =% L THIRSMC
FETAHR)T I VEMBNICRY AL B TES, &
72, BEPSORICE LT EMICHET S TBY, B
BEHNORY) 7 I VDR EINLERL, 20T THERNIE
e H ORI T 5 LA - T B9
—h, RUVTIVENVFTFEDONES R T M LAY VIidiHE b
BOBRICL DA, WIS L ne

4. Inflamm-aging ERU 7 I 2K 3 RIEMHF]

BALDHELTR L < OAIEE B O FAE R EAT IR VERAE
PG LTWAEI EFHLNIEN, FOBHELEMEEE
9 inflamm-aging &\ ) EFEDES N7 RKIE & i3,
HERIZEEAE L7241 & 2> OFIBUT 3T L THRERREANE L S
N, TOOIE TR, B, R EOEEORER
&7, oL, AEEERCBIT L RETEERIETH
D, EREED FR R4 IGETT 5. ElE OREMIE
DOWREIEEZELTEL L Z DT 5N, immuno-
senescence & IFEN TV 5, —RE9IC, EilinE OREM
AL SN <, BRI LTI EL
FELRTWIREIZR>TWwAEYY 200, EilE T
X, BERIESTHERET A EEEERPLESET LTV
EEZ 5N Twh, Immuno-senescence T L HSNT
WHrZED—2& LT, REMBOMBEICHEET S
Lymphocyte Function-associated Antigen1 (LFA-1) &w»
I MIREESALILR D & 37 BN & & b I 5%
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(A) 4##r L LFA-1 (CD11aMFD) 0BMFHEERY. BRELZHRABES SR L - KM MEZIR () 2 BFkB L UH
) OMAEREIZHIET 5 CDlla D& & FEOBHREMRE L MEHCHE-> T CDlla AT 5 2 4745,

LFA-liZ7a—%A b A M) —ClIELL.

(B) MR~V I i & R MBEIRMIEET LFA-l EOBGETRY. E£BHICEDLL T, mMhA~ L3 VigE

& LFAl BIZI3AOMBEPHEET 5.

M A~V I Vg dEERA s 0< &5 7 4 — (High performance liquid chromatography) T&HE L 7.

MFTI : mean fluorescent intensity.

BETFoND (F2A)7" MEOKRMICIZILFA1 O L)
Y NI HEESHEEL, FRENROEEICERE R
BEERLTWA., Fald, VT I VPRESEY A b
B4 DEEEIHIT 229 L LBz, LFAL1 DY v 35y
EXEDESELT ELFHE LT (1 2B).

LFA-1 3 I&E AN E Ml ICAMs (intercellular adhesion
molecules) & BIRMICHEEST . ZORERICL-T, E
MRITEM LS N, RIEETA M A VR EOMBEER
BERETEY V0 FEATS. LoT, LFA1DEH
T IREBEEOIIHIZ KL TV AR  H 5. L2
A5, in vitro TORRETIX, LFA-1 ORHIEIXREM
AR T 2 KME§ 5 b DT b oz, Thbb, &
U7 IVEEDOLER L-%EMEIE, Phytohemagglutinin
% ConcanavalinA (ConA) HRIEIZH§ 5 SHFEALKIGHTT
HEL TV GRS &, <4 o2y EIFETRA
MEIINTE) Y NBRORIGDBIIE R T HRETD
B, EIREWI L2, LFA-1 O%inE PHA % ConA 23t
TAHRIGOETIIMMEEE & b ICETT A L LITLIRE
WEIN T\ ROPOM K 5|2, MOMFEZELHIERY T
IV ERFIER S D I LARE SN TV B L™
Eadbe FRORIL 2K M OREME D Natural
killer (NK) {EEOBbEzFARIE 5, BERILLI-TE
BT $ 5 & PREMELIRD NK EE, SUY73 v
DHFFEI L > TEERHEICho THFS R, BEL-#Ek
DEFEIFVEEFBEL TV 51, RY7I vV
WHAEIER UMD, FUBRLERR I 74 ANV A F v
YT x—1EH, SHICIEBERR EOFELRTIER> S B
FRRETLERRE2E TIPS HESA T

Z) 12)13)46) ~53)80) ~105)

MR BAn T 2 A BRI & REES B AUER L, R
TIVHEYOEFERICFSTAMREEEZRET S0
THhb, #LC, BE BR Yarylaonr <vX
LEDBAGERICBNTRY 7IVHFEGREERET AT
EDHE SN DRI - 7270 Tk BT o IRE T,
RKED2-3FERBEDRY) 7 I VIBEIZ R AEICHEL /-0
(BRYT7IVE) % Jcl :ICRYY R (FR) ZHKE L
TBE, HBAIZIAFRE) 7 I VIEBENERL, ERTYA
2B 5 LFA-1 OFIEEIUENS R s, Btk ) RE
FHLREROEFTIHHINTI T ADEGHFERL
721019 (1 3).

IhF CHMERRPLEHHOERS L LTELONT
ElRY) T2 =N EORBAMES, RUTIVEH
BRI, VIE, PiER(b, AHEBCRECxd 2 Mie o ReErEH
LEDEYENEET S, LoT, BB{tWEICL T VT
IA TV THARPHFINTEHS IR INTEL. 2L
T, B BHR, YavYaonNnRHEGoRVEER S
DFTNOEYPOFEMEERTHILPHRESI LT
B0 L L, JBRA B I XT S B Wik
BEEEIROENENI ERFMECHEINTVED

&i?“@b:ﬁ&fi 2: ia’ p) "Cﬁ) 510)21)~?6)36)~41)1192

5. RUF7ILEREBEFOAFIEORER

173 VIELFA-l & CD4M4 RIS 275, Fea
PHE L 72 F DMOMBLESETURIRIE L A LB LS %
o7z, LFA1 BEOIEILBEKRE B & OB REKE
BTH Y, HHEIMF B2 57201013 72 BEEED
BEWEMEZLEL LAY 74, LFA 1 ORBIZEET S
MRS 7 VT 5 Ras-proximate-l (Rapl) OFHIE
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27 24l (Gl fi)

B3 ERUTIVRBICEBTIADEGER
KID 2-3BREDRY 7 I V2 GA Y BAEET-~
A (BR)T I VHEE) OFMITERY 7 I TR E T
RO~y A L) Ehorz.

RV 7 IV @BEOTT AOEPLKEZEDORY) T IV
EROL VKRG % R Lo

FEE WL RERGEOBREIZLVRD LIAERR) 73 ¥
HHOR)T7IVE, ARRVTIV2RML CTHlio 72H
BRYVT IV ERRY) T I VEICEREY T I RN,
KEDB L F 3~4 BEREDORY 7 3 Ve s Lo

%"E'f bLL 7o 7.

FZT, KVTIVIZEALFA1 BLUCD4 DFIHE
PHEF 2R L. O S CEREVDR, KYTIro
R L BRETFORXTFMUICEELBRPEH LI L TH 5.
Thbb, KT I VOEBIIIEND A F NV EOHKGIR
THAHST7T /Y INVAFF+ = (S-adenosylmethionin :
SAM) BETH Y, K7 I RO L) #EET
ND X FNVEOFGIZEALSEL 5. 4IZRYVTIVE
WO E XA FVLDOBFRERS. TVFZETVF
F—EOERZITTENF BB, FN=FVidF
W=F T HIVKFLF—+F (Ornithine Decarboxylase :
ODC) DER%ZIFTT ML ALY VIZEBENS. 7L
AT, ARV IV U/ ARV I VEBEBEZOFERICE
TARNVITV VY BIPANIWI Vi D, O, Bk
7T Vv AFF = (Decarboxylated S-adenosylmethi-
onine : dcSAM) 725 7B Y NVT I~ (propylamine) A3t
WWENDB. dSSAM X7 7/ YV AFF = v BiREEER
(Adenosylmethionine decarboxylase : AdoMetDC) DEH
12X 5T, S-adenosylmethionin > 5&K I 5 (K 4).

BIETFOAFVLIE, DNAAFNV T VAT 2T —E
(DNA methyltransferase : Dnmt) OfEfIZ & =T SAM
DAFNVEDRY P M EN, AFIVY Y AR
ENBIEICLBY, AFNVEDFF—TH5HSAM O
INEBEFANDOXFVEOMEG 2 EEIZT 575, dcSAM
DIENNE Dnmt O F M % #3210 EBRIZ, 7o F

Spermidine

Propylamine

v

S-adenosyl Methylated
homocysteine CpG

Spermine
synthase

Spermine

R4 RKUT7IRBE X FIVEDOREF

A1) 7 3~ (spermine & spermidine) &7 V¥ = (arginine)
MoEREND. AROBET, BKkBEs-7T7T/ YV AFF=
v (de-SAM) 2*5 propylamine #fit5-& b, 757/ VIV AF
F = VP REEEESR (AdoMetDC) W& S-7 7/ YV AFF =
(SAM) % dcSAM IZZE#T 5. SAM IZMEADO A F VD F
F—TdHY, ddSAMIZDNA XA F IV IFTF VAT 2T —¥
(Dnmt) ¥4 28IC/EMA T 5. Dnmt (&#EFOY M2 v
CAFNVERYRS L, AFVE (AFNVT b Y) €5
ODC=0rnithine decarboxylase, SAM=S-adenosylmethionine,
dcSAM=Decarboxylated S-adenosylmethionine, AdoMetDC=
Adenosylmethionine decarboxylase, Dnmt=DNA-methyltrans-
ferase.

4 2 X alpha-d,l- difluoromethylornithine hydrochloride
(DFMO) 2 & o T ODC &M % #fill L 7= g 2> A <0 3
YERBEFREEORIB LR T, KY T I AR
a7 72 572 AdcSAM HMEINT % A1) [ERE I # R
TFORAF LD FEHICR Z 2 & 2HE S TW R
FA4 b, Jurkat Mg E HWTHRETL72& 2%, DFMO I
Lo THIIBRAY 7 3 VIEEOKT L 72ME TiE Dnmt
DOEHEEIR Sz, & 512, LFA-1 © 7 0E— ¥ —5HiE
DAFIWVALDIRIEZ NAF VT 74 P — 27 T2 AETH
FHLAEZA LFAlORBICEELRZSUE—¥F —%
B DA FVALDEIT L, LFA-1 D% 37 &)
L7z

HIRBAAPE R 7 I G SITHINAR ) 7 3 VilREE
WERATDE, AHTA4T74—=FNy ZBHEISERL
RN T I VEREZETH D AdoMetDC DFEEAEIF] &
A2 AdoMetDC D iF H#IHIC & - T, SAM 20 6
dcSAM NOZHAHIF] 241, SAM O¥EINE deSAM D,
DEREL I X FIVEOMIRETH 5 SAM DN &
Dnmt {EHHHEITER O H % dcSAM DA 12 & - T Dnmt
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FEMEILE S, Domt DEHALIZ A F bz RET 572
»IZ, LFA-l 70E— 4 —58iR D 2 F VLS ETT5 2 &
AL T & B2 EZERZ DEMO THLEE L 7> Jurkat M
FLIZ 500 uM DAV Y ERFRINT A L, #MlEAOR) 7
IVEENFEHICEML, Domt g bsn, LFA1®
THE—F —FIHD A F NVALDHEIT L, LFA-1 BEPMET
L2® Fas—F —EE0AFMMLERY T I RED
4RIk, HT-20 $HMI2B81F 5 CD4M4 OFEBIZB VT LG
LT 578, Jurkat fHBRIC BT 2 EAL L FARDOE{L % FERE
LTwa, bbb R)7IVEHEEFEELRZHT-29
MR CIEMIRARY 7 2 VREMMKUT L, Dnmt OF A
ETL, CD4M4 OFBRICEE T4 7uE—F —HIEIH A
FMALE S, CDU4 D F 3y 2RI, DFMO T
ALEE L 7202 HT-29 MIAEIZ 500 uM D ANV I Y 2INZ 5
&, Dnmt OIEHATIE L, CD44 O 70 E— & — FHIEAHT A
FVALEZIT, CDA4 DT V87 BWRS LD kiR
=), :

ZoE3iz, BYTIVILLoTEEMNHAT A LFA-L
& CD44 Tid, ZORBICEE LT OE—F —HBEDO AT
WALDHEITHER) T I VHRIC Lo THEL B0 TH S &
ZxbNiz. Lrl, ZOMOTWATIERY T I ViR
Lo THAF MR UL LFEL. £2T, KY
T IVICEBBEFEEDOAFIVIZE JIZTEE L HE
TLLENRHD EEZ LN,

6. IMBERFPEGRFOAFIMEICEKIFTHRE

—fREIIZ, Vol AT BN A Lo A F I bR
BEEMICREROMBICZTEINLLEENTWVE
BB X FAUBEII TSRS LT 2 OB B L D
MEINTHRWIIE Fi P TR, Ty b, T
T, e O, IR, MERE, M TR ET, M
B L & DI A T IVALDSHEST S 2 2510 N &
EBDIZAF VAL ETT 2 BETHEEBOH L 2 & LS
NTWBEW0 = L) ZINEIEE ) AT Vb #ET
EAFNVLDETIE, BEATFMEE BIRITNS. — 8
2, ek o T, RY T I UAEEEE (ODC) DIEME
T Dnmt OEWET® . 2g 25 )1k (Bx 51k
BLUOAFNWALOBER) 20D 5473 5 Z LSRG S
TWwh, LT, BEFOREAFIMLERELED-S
COEFBBERPLELORERE L E 2 ST 519

BETFOXAFVEOREBIIEFRAFICL 5 THELT S
ZEFRESNTYE, BRONE AFNVEOBIRDEET
HEZEDHoTEY, AFNVEOBRUIRZET S &,
DNA®DZ =NV RRAF Ve EfTSELE LB,
BIZTFEENRFEAFVILE XF VL E LS. 2L 2
X, AFNVEORZER cmye, cfox, Hras, p-53 DX
FALZEE LS 2 EBHE SN TWELWO iz, A5
WEERBTLIIEINEI T, AFMUIZEERFB LU,

BEFEBRICVENES 25 2L bHMESN TV
7. ANILIVEANIVLIT U OEYEEOERN

BYTIVTHIARVI Y ERNRVI Y Y OEYIERE
WIIZ L 0IBEIEHL,. LrL, TOEWHEEOMEIC
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ASC(Acyl-CoA synthetase)

Acyl-CoA
R l
e

Acyl-Carnitine

A7

HN=F > (Carnitine)

CPT-1 HRRGTE & 5%
ﬁmfr

Malonyl-CoA Acetyl Spermidine

T SSAT
ACC Spermidine
Acetyl-CoA Polyamine Oxidase
T Acetyl Spermine
Citrice acid T SSAT
Spermine
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(Acetyl-CoA) # LEETHDT, #DEHILIZT £F I CoA DEERRET L. 7EF IV CoA DEAIZ~E =)V CoA
(Malonyl-CoA) EDWHA LHET 5. v =)V CoA FEHBREROPER TSN, LORTILL o TEHOAESHIEI L
%, ¥/, v CoA X CPT-1 OEMAEMLTBY, v~ = CoA DRBAIE CPT-1 oH#I 2 BB+ 5= Lok Y, CPT-
1DVERTHEAINF VT VN CoA DREERIREL, BED BBRILE LR T %5,

SSAT : spermine/spermidine-Nl-acetyltransferase, ACC : Acetyl-CoA Carboxylase, CPT-1 : carnitine palmitoyltransferase 1
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